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a b s t r a c t
Practical mechanisms for procurement involve bidding, negotiation, transfer payments and subsidies, and
the possibility of veriﬁcation of unobservable product and service quality. We model two proposed multistage procurement mechanisms. One focuses on the auction price that is established, and the other
emphasizes price negotiation. Both also emphasize quality and offer incentives for the unobservable level
of a supplier’s effort, while addressing the buyer’s satisfaction. Our results show that, with the appropriate incentive, which we will refer to as a quality effort bonus, the supplier will exert more effort to supply
higher quality goods or services after winning the procurement auction. We also ﬁnd that a mechanism
incorporating price and quality negotiation improves the supply chain’s surplus and generates the possibility of Pareto optimal improvement in comparison to a mechanism that emphasizes the auction price
only. From the buyer’s perspective though, either mechanism can dominate the other, depending on the
circumstances of procurement. Thus, post-auction negotiation may not always be optimal for the buyer,
although it always produces ﬁrst-best goods or service quality outcomes. The buyer’s choice between
mechanisms will be inﬂuenced by different values of the quality effort bonus. For managers in practice,
our analysis shows that it is possible to simplify the optimization procedure by using a new approach for
selecting the appropriate mechanism and determining what value of the incentive for the supplier makes
sense.
Ó 2011 Elsevier B.V. All rights reserved.

1. Introduction
The use of electronic auctions in supply chain procurement has
grown dramatically in the past 15 years with the advent of the
Internet in support of electronic commerce, putting new demands
on economists and supply chain managers to blend the capabilities
of economics and engineering (Roth 2002, Varian 2002). It also requires technologists, behavioralists and methodologists to build a
shared base of knowledge from analytical modeling and experimental work, computational analysis and simulation, and algorithm development for agent-based systems and artiﬁcial
intelligence (Gimpel et al. 2008, Kersten et al. 2008, Jennings
et al. 2001, Parkes and Kalagnanam 2005, Smith 1982).
In 2007, Aberdeen Group reported that the enterprises they
studied used e-procurement to: improve requisition-to-pay process efﬁciency; achieve better procurement contract compliance;
improve spending visibility, lower procurement transaction costs;
and exert more control on spending management (Gupta 2007).
⇑ Corresponding author.
E-mail addresses: huanghe@cqu.edu.cn (H. Huang), rkauffman@asu.edu
(R.J. Kauffman), xuhongyan@cqu.edu.cn (H. Xu), zhaol@oldwestbury.edu (L. Zhao).
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Aberdeen’s research analyst, Amit Gupta, has stated: ‘‘The procurement department is no longer just a transaction center for placing
orders, but can also be a source of competitive advantage by acting
as an information hub supporting business planning and decisionmaking. There is more to an e-procurement solution than cost savings; it is now a tool that removes manual error-prone repetitive
tasks and promotes compliance with business controls allowing
procurement resources to focus on more strategic tasks’’ (Selko
2007).
In this context, computer science researchers have made a number of notable efforts to develop agent-based systems that support
electronic procurement with different structures and supporting
technical approaches to enable solutions to the problem of winner
determination, while reﬂecting buyer and seller constraints and
preferences. An outstanding example of this kind of research is
iBundler, which is described in Cerquides et al. (2007), Giovannucci
et al. (2004, 2008) and Rodriguez-Aguilar et al. (2003). The authors
describe their intelligent system as an agent-based negotiation service for buying agents and as a winner determination service for
reverse combinatorial auctions with constraints on the attributes
of individual items and multiple items in bundles. Another wellknown proposed system is iAuctionMaker by Reyes-Moro and
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Rodriguez-Aguilar (2005), who developed and analyzed its performance. This second proposed system supports the work of an auctioneer who wishes to separate a superset of auction demand items
into ‘‘promising bundles’’ that are likely to be more easily bid upon
by suppliers who can deliver them in a competitive procurement
market. The authors’ approach involves the capture and encoding
of expert knowledge from sourcing specialists, as a basis for creating algorithms that optimize buyer satisfaction with the supplied
bundles based on multiattribute utility theory.1
Davenport and Kalagnanam (2002) point out that the procurement of direct inputs that are used in the manufacturing of a ﬁrm’s
primary products represent as much as 90% of its procurement
spending. This dollar volume is large, and such procurement transactions occur with a high frequency. In their work at a large food
manufacturing company, the authors note: ‘‘As a result there is
considerable room for negotiations. However, a fundamental concern in such sourcing decisions is related to the reliability of suppliers, since defaulting suppliers might have considerable impact
on the ﬁrm’s ability to satisfy demand obligations. As a result,
these negotiations are generally conﬁned to a restricted number
of pre-certiﬁed suppliers having established relationships with
the company’’ (Davenport and Kalagnanam 2002, p. 27).
Early procurement auction models in economics tended to focus on the price of goods with ﬁxed-quality bidding or qualityprice pair bidding. Rothkopf and Whinston (2007) have noted that
procurement auctions that are entirely based on non-negotiable
supply quality and prices are not sufﬁcient. If quality is not observable, or the buyer’s proﬁt based on the supplier’s effort to deliver
a quality product cannot be measured easily, then a buyer will beneﬁt from offering an incentive contract to the supplier to compensate and stimulate effort so the transaction will yield greater value
(Laffont and Tirole 1993).2 Informational asymmetries naturally
arise between buyers and sellers, when sellers have private information that cannot easily be obtained by buyers about what they are
selling. This makes it difﬁcult for them to agree upon a fair price
for exchange (Akerlof 1970), which creates a need for minimum
standards to be established in different settings (Leland 1979).
The present article is motivated by the business problem that
arises in practical situations related to procurement, where the
buyer initiates an auction for goods or services with a speciﬁc quality requirement, and solicits suppliers, who act as bidders. When a
winning supplier emerges, the buyer may choose to either negotiate with the supplier to ensure an appropriate level of quality and
price, or accept the auction price without negotiation.3 In either
case, because of moral hazard and adverse selection that may occur
in the auction setting (Rothkopf and Whinston 2007), the buyer will
beneﬁt from being able to establish incentives to encourage an
acceptable outcome and prevent an inappropriate level of effort on

1
Generally speaking, commercial e-procurement auctions have been difﬁcult to
support technologically. Some examples of current commercial systems include:
United States National Institute of Standards and Technology grant winner CombineNet (http://combinenet.com) (BusinessWire 2002); iSOCO’s, especially iQuote
(http://www.isoco.com) whose predecessor, Quotes, is discussed in depth by
Cerquides et al. (2007) and Reyes-Moro et al. (2003); Hedgehog (http://www.hedgehog.com); and Avotis (http://www.avotis.com). See Appendix A for additional details.
2
The term veriﬁable quality is widely used in the contract theory literature,
however, to make our writing more accessible for the IS and e-commerce audience,
we will refer to it as observable quality in this article. Similarly, we will refer to
unobservable quality, when the buyer cannot ascertain quality in advance of the
shipment, receipt and inspection of the supplies received (Laffont and Tirole 1993,
Kessler and Lulfesmann 2004, Dmitri et al. 2006). Observed and unobserved quality
are also often used to distinguish product quality expectations and delivered product
quality in software engineering, where there is an interest in simultaneous managing
cost and quality, while avoiding the deployment of software with defects (Austin
2001, Banker and Kemerer 1992, Westland 2004).
3
For a fuller review of the literature on bilateral negotiation and bargaining from
the computer science perspective, the interested reader should see Li et al. (2003).
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the part of the supplier to deliver quality goods or services (Bajari
and Tadelis 2001). In practice, some sort of bonus payment to the
supplier making more effort to deliver a quality product or service
to the buyer and transaction completion is quite attractive (Parkes
and Kalagnanam 2005).4
For example, many ﬁrms in China hire meal preparation service
suppliers to prepare lunchboxes and dinners for their employees.
Usually, the ﬁrms will invite bids from several suppliers and then
negotiate with one supplier or just a few candidates, and set a
monthly bonus for the ﬁnal supplier, based on its performance.
Performance can be assessed in various ways. For example, it
might be proposed that a bonus be transferred to the supplier only
if some ﬁxed percentage of total employees (say 85%) rates the
lunchbox service as ‘‘satisfactory.’’ Another possibility is that evaluative scores on the service from the employees are all above some
ﬁxed level (say 80 out of 100 points). It might be hard to pre-specify employee satisfaction in the auction phase, however, thereafter
the employees’ satisfaction with the service will become common
knowledge, and this should play an important role in supporting
the two parties’ decision about whether a bonus should be given.
The business problem arises because procurement managers and
their supplier still lack sufﬁciently reﬁned knowledge to fully
understand how the inner workings of quality effort bonuses, the
procurement auction mechanism and the negotiation process are
interrelated in the creation of supply chain surplus.
In this research, we will address this issue by analyzing two
proposed procurement mechanisms involving economic exchange.
We will focus on a setting in which the buyer chooses a winning
supplier in a modiﬁed second-price sealed-bid auction, which
hosts suppliers who make bids on delivering goods or services that
meet a speciﬁc requirement for quality. When this is the case,
there are two different possibilities. One possibility is that the
buyer will buy the goods or services from the winning supplier
at an appropriate and pre-determined level of quality, and a price
for this supply will be established in auction. A second possibility is
that the buyer may decide to negotiate with the winning supplier
to obtain goods or services at a negotiated level of quality at a
mutually agreeable price. In both cases, the buyer offers the supplier an effort bonus to encourage the supplier to make an appropriate though unobservable effort to deliver the goods or services
in order to satisfy the buyer demand for quality. The dimensions
of quality that are required may be non-contractible, so that
observing pre-transaction quality is difﬁcult or costly.
Our goal in this research is to provide more reﬁned theoretical
knowledge to support managerial decision-making for e-procurement mechanism selection. This will permit us to establish a
clearer understanding of the quantitative relationship among the
bid price in the procurement auction, the post-procurement auction negotiation quality and price, and the size of the bonus that
is needed to engender the right effort level on the part of the
supplier to deliver what the buyer wants. It will also allow us to
recommend to the buyer how to implement an optimal strategy
4
The literature on procurement frequently uses the terms bonus and bonus
payment to indicate some sort of transfer payment from the buyer to participating
suppliers in supply chain procurement operations to encourage truthful participation
(Bigoni et al. 2010, Mishra and Parkes 2007, Mishra and Veeramani 2007). The
software engineering economics literature also uses similar language related to
performance for software contracts and software development projects (Austin 2001,
Hitt et al. 1999), which reﬂects application of the terms in employee and manager
compensation. Other research on procurement, ﬁrm relationships and supply chain
management focuses on subsidies that support interorganizational technology
adoption and supplier participation (Riggins et al. 1994, Wang and Seidmann
1995), as well as the sharing of inventory holding costs (Nagarajan and Rajagopalan
2008). The term transfer pricing is more common in the resource allocation literature,
for example, related to congestible networks (Westland 1991, Mackie-Mason and
Varian 1995). All three of these terms are used to indicate some sort of exchange of
value between different kinds of participants in contracts and interﬁrm relationships.

652

H. Huang et al. / Electronic Commerce Research and Applications 10 (2011) 650–672

when it uses an auction mechanism for procurement.
We obtained a number of key results. Based on the modeling
approach that we formulated, we ﬁnd that the optimal bonus will
be based on the form of the incentive that is used, and also on the
auction or negotiation outcomes. We also ﬁnd that there are two
different kinds of bonus structures that are optimal for each of the
mechanisms that we evaluate. We further show how to stimulate
the supplier’s optimal effort to deliver goods and services of
acceptable quality, as well as determine the value ﬂows associated with the different types of bonuses for the different procurement auction mechanisms. We also present a decision-making
procedure for selecting an effective procurement auction mechanism and the optimal bonuses associated with the mechanisms.
Finally, we consider supply chain coordination as a problem from
a social planner’s perspective, where the goal is to identify the
transaction-making mechanism that maximizes social welfare
and yields Pareto-improving value for the buyer and winning supplier, who act as partners in the transaction. We also show that
the mechanism which incorporates the establishment of an auction price through the completion of the procurement auction,
combined with a post-auction bonus, offers less surplus for the
supply chain than the alternative mechanism that includes negotiation does. The latter mechanism creates the possibility for Pareto improvement.
The remainder of this article is organized as follows. Section 2
offers some of the theoretical background of this research. Section 3
describes the basic models that pertain to the procurement mechanisms that we propose. Section 4 analyzes the properties of the
models and compares them with bonuses are included. Section 5
presents the optimization procedure for the buyer to choose the
optimal sourcing policy and optimal procurement mechanism for
supply chain’s surplus. Section 6 offers some additional interpretation of our primary results, to bring out their managerial relevance.
Section 7 concludes, and discusses limitations and directions for
future work.

2. Theory
There is a substantial body of literature on auction theory
involving negotiation and contracts that offers useful guidance
for the present work. A key contribution in this area is the work
of Laffont and Tirole (1987), who investigate incentive contracts in
auctions, a ﬁrst bridge between auction theory and incentive theory. They show that an optimal auction can be implemented based
on the speciﬁcation of a dominant strategy for the participants. The
contract auctions that the authors discuss have turned out to be
hard to implement in practice though, because the costs that the
seller must bear and the payment to the winner are determined
by complex differential equations. Also, the authors did not consider the possibility of further negotiation after an auction winner
and transaction price are determined.
In other work, Harstad and Rothkopf (1995) analyzed a common-value auction model, in which the winner is allowed to withdraw her bid after the bids of other bidders has been revealed.
Waehrer (1995), in another model from the mid-1990s, permitted
bidders to obtain more information after auction, withdraw previous bids, and negotiate the ﬁnal terms of the transaction with the
auctioneer. These models allow the winning supplier to withdraw
or renegotiate; it turns out that permitting the withdrawal of a bid
increases the auctioneer’s proﬁt. Based on Che’s (1993) multidimensional procurement auction design, Branco (1997) presented
a model that includes correlations among the sellers’ costs. He
ﬁnds that to reach an optimal outcome, the buyer needs to use a
two-stage auction. In the ﬁrst stage, the buyer selects one winning
supplier; in the second stage, the buyer has the opportunity to

negotiate with the winning supplier to acquire supply at a higher
quality level.
Wang (2000) examines negotiation in procurement auctions
using a model that is similar to a ﬁrst-price sealed-bid auction,
but that incorporates a post-auction negotiation process. He concludes that, for the buyer, negotiable prices convey information
about a supplier’s cost of supply. This is important information
for the buyer in negotiations with the supplier. Davenport and Kalagnanam (2002) study procurement mechanisms to satisfy both
long-term and short-term demand for direct inputs. They propose
different negotiation mechanisms. One is the use of the commonly
employed volume discount for long-term supplies. Another is the
use of a combinatorial auction mechanism with round-to-round
price modiﬁcation for short-term supply procurement. They provide mathematical programming-based solutions to the winner
determination problem for this context.
Chen (2007) also studied how to formulate an optimal procurement strategy, especially how price discovery can be integrated
with quantity decisions in procurement transactions. More recently, Chen et al. (2009) have shown that procurement auctions
with contingent contracts can improve the social welfare and the
buyer’s surplus under a setting in which suppliers differ in costs
of production and delivery, and there are different likelihoods of
transactional success.
In other related research, Wan and Beil (2009) considered a setting in which the design of a procurement auction permits the
buyer to screen the supplier for quality, as a means of determining
the appropriate winning supplier who will be awarded a procurement contract. The authors analyze the trade-offs between varying
levels of pre-qualiﬁcation and post-qualiﬁcation assessments. In
this vein, Tunca and Wu (2009) compared single-stage and twostage-procurement auction processes. Their two-stage mechanism
permits price and quantity adjustments after an auction price has
been established. They also present the conditions under which the
buyer will prefer each auction mechanism.
Other relevant research compares the beneﬁts of an auction
with and without negotiation. Bulow and Klemperer (1996) investigated which is the more proﬁtable for the supplier, an English
auction or an English auction with negotiation permitted afterwards. They ﬁnd that an auction with a given number of bidders
and negotiation afterwards will produce less value than the same
mechanism with one more bidder. The widely-believed understanding of the authors’ results suggests that auctions dominate
negotiation. Thomas and Wilson (2002) have done additional
experimental economics work involving auctions versus negotiations. The authors use an experimental method to compare ﬁrstprice auctions with an exchange process involving multilateral
negotiations. Contrary to the conclusion reached by Bulow and
Klemperer (1996), Thomas and Wilson ﬁnd that transaction prices
are statistically indistinguishable in auctions and negotiations.
When there are four sellers, negotiations are more efﬁcient than
auctions, they report. When there are two sellers, prices will be
higher in the presence of negotiation, than when an auction only
is used.
Empirical and experimental research is also instructive in terms
of the expectations that we bring from the literature to our study of
procurement auction mechanism extensions. For example, Kjerstad (2005) examines data on 216 contracts between procurement
buyers and suppliers for medical and surgical equipment. He tests
whether auctions and negotiation result in discernibly different
transaction prices. The counter-intuitive results suggest that auctions, in spite of what we might expect, do not seem to result in
signiﬁcantly lower prices compared with negotiation. Another relevant article is by Bajari et al. (2009), who examine a comprehensive data set of private sector building contracts that were awarded
in Northern California during 1995–2000. Their analysis indicates
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Table 1
Overview of the ﬁxed-quality and negotiable-quality mechanisms.
Key features of the mechanism
Fixed-quality mechanism
The buyer will initiate the auction stage of procurement. In this stage, the buyer
will explore the suppliers’ private information about the cost of observable
quality
There is an initially required level of observable quality set by the buyer for the
procurement auction. Suppliers will reveal their true cost parameters via a
second price auction mechanism
The winning supplier will be paid based on the price that is established by the
auction for the goods or services based on some required level of observable
quality
A bonus stage occurs next, in which the buyer offers a bonus to the supplier to
make an effort to supply goods or services of a level of unobservable quality
that is likely to satisfy the buyer. The contract will lead to two different forms of
the bonus, depending on decisions made in the auction stage by the buyer
The buyer’s optimization problem can be fully speciﬁed

Negotiable-quality mechanism
The buyer will initiate the auction stage of procurement similar as it does for the
ﬁxed-quality mechanism’s auction stage. The fundamental goal of this stage is
to extract the suppliers’ private information about their costs
In the negotiation stage, the winning supplier will be paid by a price that is
negotiated with the buyer according to a newly-established observable quality
level
In the bonus stage, the buyer will offer the supplier a bonus contract, similar to the
ﬁxed-quality mechanism, but the contract will lead to another two forms of the
bonus, depending how the negotiation stage comes out. This is different from
the ﬁxed-quality mechanism
An extended optimization for the buyer also can be speciﬁed

Comments
The buyer will solicit supply bids from many potential suppliers to minimize its
procurement cost
The observable quality of procurement goods or services can be contracted for
with speciﬁc terms
Suppliers deliver goods or services of the required observable quality, since
observable quality contracts are enforceable under the laws of commerce
This will enable the buyer to determine after the goods have been delivered
whether the supplier has delivered goods or services of sufﬁcient quality, as
expected. The supplier wishes to minimize its cost of supply while it considers the
possible to earn a bonus. The buyer’s satisfaction with the supplied goods or
services eventually will become public knowledge
The decision variables of the buyer’s problem under the ﬁxed-quality mechanism
are price and bonus only. The supplier’s effort is assumed to be unobservable, but
the buyer’s satisfaction will be observable
The initially required level of observable quality will still be used in the auction
stage, but the buyer and supplier jointly adjust in the negotiation stage
The negotiation will center on the negotiated level of observable quality and the
price of the goods or services supplied. This is different from what happens under
the ﬁxed-quality mechanism
But the buyer’s satisfaction with the supplied goods or services will be public
information after it takes delivery

The extended form of the buyer’s optimization problem is based on three decision
variables under the negotiable-quality mechanism: price, quality and bonus

that auctions may perform poorly when the related procurement
projects are complex, the design of the procurement contract is
incomplete, and there are relatively few available bidders.
Taken together, the analytical modeling and empirical ﬁndings
that we have reported illustrate that auctions may not dominate
negotiation mechanisms in procurement. This offers us a useful
opportunity to contribute new knowledge to further understand
auctions and negotiation processes in this context, and provide
managers with theory-based knowledge on how to make valuemaximizing mechanism design choices in their procurement of
supplies.

ation or quality adjustment, or another mechanism that involves
an auction-determined transaction price with negotiation and
quality adjustment. In both cases, the buyer will offer an incentive
to the supplier, a quality effort bonus, for producing supplies that
meet the buyer’s pre-speciﬁed satisfaction. The buyer’s problem
is to select the appropriate mechanism for e-procurement that
yields the best outcome. We will refer to these two mechanisms
as the ﬁxed-quality mechanism, and the negotiable-quality mechanism. Making this contrast lets us evaluate the issue of asymmetric information in the supply procurement process. See Table 1 for
a summary of the features of each and some notes on their
differences.

3. Model

3.1. Fixed-quality mechanism

In this section, we turn to the development of an analytical
model that will permit us to assess the efﬁcacy of alternative
mechanisms beyond a second-price sealed-bid auction for the procurement of supplies of goods or services. Our model permits us to
contrast the beneﬁts of a ﬁxed-quality auction mechanism (hereafter called the ﬁxed-quality mechanism) and a negotiable-quality and
price mechanism (hereafter called the negotiable-quality mechanism) that complements the basic auction mechanism that has
been proposed previously by others. (For the reader’s convenience,
we have placed all of our modeling notation and its related deﬁnitions in Appendix B at the end of this article.)
Suppose there are one buyer, one product (or it could be a service or a project), and n suppliers in the procurement system.
After choosing a winner in an auction in which n suppliers bid
to offer supplies with an initially ﬁxed-quality requirement (Quality0), the buyer may employ one of two mechanisms to complete
the procurement transaction: one mechanism that involves an
auction-determined transaction price with no subsequent negoti-

When a ﬁxed-quality mechanism is applied, ﬁrst, the buyer will
initiate the auction stage, and buy the product from the winning
supplier with a targeted level of quality that can be observed upon
delivery (Quality0), according to the payment rules of a secondprice sealed-bid auction. The winning supplier will be paid the
price that is established by the buyer (Price). Then, after the auction
stage, the buyer and the winning supplier will enter the bonus
stage, and the buyer will offer a bonus (Bonus) to encourage the
winning supplier to make an appropriate effort (Effort) to deliver
the product or service with satisfactory but still unobservable quality. We do not consider or model the process for verifying quality
directly, but instead assume that our approach offers a reasonable
approximation of reality.
When supply quality is unobservable, a bonus will help to ensure that the goods or services to be supplied will match the
buyer’s expectation for satisfaction (Satisfaction), which will arise
from the unobservable aspects of supply quality. Satisfaction can
be represented in a quantitative way, in value or monetary terms
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(Value).5 This will be common knowledge once the buyer selects a
winning supplier. Hereafter in this article, we will refer to observable
quality simply as quality.
3.2. Negotiable-quality mechanism
This mechanism has some similarities and some differences.
When a negotiable-quality mechanism is employed, ﬁrst, the buyer
will use the same auction stage as in the ﬁxed-quality mechanism.
In contrast to the ﬁxed-quality mechanism though, the negotiablequality mechanism has a negotiation stage that will occur after the
auction terminates. In this stage, the buyer is able to negotiate
about the quality of the supplies from the winning supplier, and
the price can be adjusted to one that reﬂects their mutual agreement. Similar to the ﬁxed-price mechanism, the buyer also will offer a bonus in the post-auction stage, with the intent to encourage
the supplier to put in the appropriate effort so that an acceptable level of quality can be reached, which will later be assessed in terms
of the buyer’s satisfaction. However, the optimal values of the bonuses in these two mechanisms take different forms, and these
forms are dependent upon decisions made in the previous stage.
The bonus for satisfaction in our model could be easily replaced
by a penalty for dissatisfaction (Fehr and Schmidt 2007, Bigoni
et al. 2010). In most Asian countries, the culture is such that people
prefer a bonus over a penalty in most incentive schemes – something that has also been observed more generally by Tversky and
Kahneman (1991) for people’s aversion to losses. Moreover, suppliers are likely to be concerned about maintaining their reputations
in the market, since market forces are known to be effective in
punishing ﬁrms that renege on their contracts (Klein and Lefﬂer
1981). Since ‘‘the carrot’’ seems to be more effective than ‘‘the
stick’’ in our context (Fehr and Schmidt 2007, Bigoni et al. 2010),
we focus on bonus-bearing contracts, rather than on penalty-bearing contracts.
Our model assumes that if the supplier fails to deliver the promised level of quality, then the supplier will be forced to bear a very
high cost. This is a common assumption in the incentive theory literature (Laffont and Tirole 1993). As a result, the buyer’s expected
level of satisfaction will develop according to the level of expected
but unobservable quality of the supply, and the bonus will be built
into the contract in order to create the basis for a commitment between two parties so that the supplier makes an appropriate effort
to deliver sufﬁciently high quality supplies. The buyer’s satisfaction
also can be viewed as being subject to risk or uncertainty in the
procurement process. In much of the literature on risk and disruptions, the associated probability is exogenous (Doherty 2000). In
contrast, our model views unobservable quality risk as an endogenous factor that is affected by the supplier’s effort, which is closely
tied to the value of the performance bonus built into the contract
by the buyer.
The buyer b wishes to solve the mechanism selection problem
to maximize proﬁt by choosing the appropriate values for the quality, price and bonus:
Profit b ðQuality; Price; BonusÞ
¼ a þ d  Quality  Price þ ½ProbðSatisfactionjEffortÞ  ðValue  BonusÞ

In this expression, a is a constant for the base value for the
buyer’s procurement, which is common knowledge to the buyer
and supplier. The buyer’s revenue will be linear in observable qual-

5
One of the beneﬁts of representing satisfaction quantitatively is that unobservable quantities can be measured as latent variables based on the applications of factor
analysis, including principal components analysis and structural equation modeling,
as discussed by (Bartholomew and Knott 1999, Bollen 1989, Kaplan 2004). This
observation opens up the possibility of connecting our model with approaches and
methods, and further strengthens its basis.

ity.6 The parameter d > 0 is a constant representing the buyer’s private information. We will use the variable Value to represent a
monetary equivalent for the buyer’s satisfaction with the supply procurement transaction. The probability that the buyer will realize an
acceptable level of satisfaction depends on the supplier’s effort will
be either high (H) or low (L). The assumption of two discrete values
on supplier’s effort is the routine in the economics and IS literature.
Thus, we can write:

ProbðSatisfactionjEffortÞ ¼



ProbH ; if EffortH
;
ProbL ; if EffortL

with ProbH > ProbL

When the supplier exerts a high level of EffortH to deliver unobservable quality, the probability of the buyer being satisﬁed is
ProbH. We do not model the probability that a procurement transaction will result in dissatisfaction with Value = 0 related to unobservable quality is 1  ProbH. When a supplier exerts low EffortL,
the probability of the buyer being able to realize value from the
procurement transaction is ProbL. Only when the buyer is able to
obtain value from high unobservable quality supply, will the buyer
pay the bonus to the supplier.
Although we assume that the buyer’s satisfaction for the product that is supplied is public information to all the suppliers, however, the buyer can never observe the suppliers’ level of effort.
Nevertheless, the buyer anticipates that the supplier will choose
a high level of EffortH. This will maximize the likelihood that the
supplier will provide high unobservable quality (resulting in the
buyer’s satisfaction), and, thus the supplier will be able to achieve
a higher level of expected revenue.
We further assume that the suppliers’ goal will be to minimize
the cost they incur if they are able to win the opportunity to supply
the buyer. This cost function is an amalgam of two components.
The ﬁrst is the cost associated with effort to meet the buyer’s satisfaction requirement. The Effort parameter is the monetary cost
equivalent of all of the related inputs that are consumed by the
supplier to produce a product that will satisfy the buyer.7 This
has a quadratic impact on costs. This ﬁrst component of the cost
function also includes the value of gaining a bonus from the buyer
for delivering a satisfactory product or service that creates value
for the buyer. This part of the supplier’s cost function is:
2

CostðEffortÞ ¼ h  Effort  ProbðSatisfactionjEffortÞ  Bonus
where h denotes the impact of effort cost by the supplier reduced by
the amount of quality effort bonus the supplier can receive in a
bonus to offset its effort, expressed in expected dollar terms. The
6
Other functional forms may be appropriate also, as suggested by Bichler et al.’s
(2001) approach to modeling buyer preferences in IBM’s ABSolute System. For
example, it might be appropriate to use an exponential function, a generalization of
the linear function that we use, but this will not change any of the basic economic
insights that we might obtain. Instead, it would just lead to more complex solutions
that would be harder to interpret. Other general function forms will not yield closedform solutions for the models we use, and so we have kept things simple.
7
It is common in the mechanism design literature for supply chain procurement
that buyers exhibit individual rationality, even though this is typically not modeled
directly by most authors. (Of course, just the opposite is the case with principal-agent
models and game-theoretic price-setting models via individual rationality constraints
that are included.) Two examples of auction models that explicitly treat buyer and
bidder budgets are Che and Gale (1998) and Dastidar (2008). Of these, the second
article focuses on modeling buyers with limited budgets in the procurement auction
context. We do not include an individual rationality or budget constraint to specify
that the buyer will only continue to the negotiation phase with the winning supplier
from the auction phase if the buyer’s budget constraint is met. However, the modeling
and analysis approach that we have taken, through the analysis of Terms 1 and 2
presented in Tables 2 and 3 later, ensures that the buyer will only select a mechanism
that produces an acceptable outcome in procurement. The price and quality
negotiation process that we have laid out in our model is based on establishing a
value-maximizing, cost-minimizing price and quality contract that serves the interest
of both the buyer and the winning supplier.
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quadratic form for the cost of supplier effort follows the classical
assumption about the disutility of the agent’s effort, as discussed
by Rees (1985), Laffont and Tirole (1993) and others. It is also useful
because it enables the approximation of the average cost curve in
the presence of the allocation of ﬁxed costs over large production
runs, when there is little knowledge available about the shape of
the cost curve.
The second component of the supplier’s cost function is the production cost associated with the buyer’s product observable quality requirement that must be met. The impact of quality on this
component of cost is also quadratic, but is reduced by the revenue
received by the supplier at the price of the procurement transaction that is made, and so we include a term for price rather than
revenue. We write this as:
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The optimal solutions for Quality and Effort are given by
Quality⁄ = d/2bi and
(
2
2
EffortH ; if Value P h  ðEffortH  EffortL Þ=ðProbH  ProbL Þ

Effort ¼
EffortL ; otherwise
The maximum surplus from the supply chain is:


Surplus ¼ a þ

d2


þ ProbðSatisfactionjEffort Þ  Value  h  ðEffort Þ2
4bi

From now on, we will assume that Value P h
2
2
ðEffortH  EffortL Þ=ðProbH  ProbL Þ to ensure that EffortH is always
the ﬁrst-best solution in terms of the supply chain’s efﬁciency.
4.2. The auction stage

2

CostðQualityÞ ¼ bi  Quality  Price
This part of the cost function also includes a ﬁrm-speciﬁc
parameter bi, with i = {1, 2, . . ., n}, which reﬂects each supplier i’s
private information about what it will take to supply the requisite
product quality level to the buyer. Therefore, the total cost for the
supplier i after the revenues are earned, TotalCosti, is given by:

TotalCosti ðEffort; QualityÞ ¼ CostðEffortÞ þ CostðQualityÞ
2

¼ ½h  Effort  ProbðSatisfactionjEffortÞ
2

 Bonus þ ðbi  Quality  PriceÞ
The additive quasi-linear form of the supplier’s total cost is
based on the assumption that the cost of effort and the cost of observable quality are independent. This assumption comes from the
basic setting of the model, in which the function for supplier effort
is restricted to unobservable product or service quality, on which
the buyer’s satisfaction ultimately depends.

4. Mechanism choice analysis
We next discuss how the buyer should choose between the two
proposed mechanisms for procurement.
4.1. Optimizing quality and effort in procurement
We now consider the benchmark case in which two parties are
participants in a supply chain management system with centralized provision of full information. In this setting, the buyer’s information constant, d, and each supplier’s private information on the
production of quality goods or services that the buyer demands, bi,
are known by the supply chain coordinator. The coordinator has
the capacity to act as a social planner. The transaction-based social
surplus represents the social welfare or surplus (Surplus) of the
supply chain, and can be expressed as follows:

SurplusðQuality; EffortÞ ¼ a þ d  Quality
 TotalCosti ðEffort; QualityÞ
Note that the price and bonus are monetary transfers between
the buyer and the winning supplier, and that the surplus is independent of them. The problem of maximizing surplus is equivalent
to the following optimization problem (Chu and Sappington 2007,
2009):

Max SurplusðQuality; EffortÞ ¼ a þ d  Quality
2

Quality0 ¼ a  QualityMin þ ð1  aÞ  QualityMax ; with a 2 ½0; 1
Here, a indicates the buyer’s preference on the quality level
(QualityMin or QualityMax). The maximum (Max) and minimum
(Min) levels of the continuous quality of the product supplied are
denoted as QualityMin and QualityMax. These maximum and minimum levels of quality may be unobservable also, but we think it
is reasonable to assume that they can be approximated from the
real world with this model.
The mechanism that we will use is a second-price sealed-bid
auction (Cramton et al. 2006, Vickrey 1961). It is well known in
the literature and in practice, and thus it is a good vehicle for us
to leverage to establish new insights, even though other mechanisms can produce similar outcomes for our analysis. According
to well-established results for this kind of auction, the suppliers
2
will bid prices of bi  Quality0 based on their individual private
information bi. Without loss of generality, let us suppose that the
auction winner is Supplier 1 with private information b1, and the
next lowest bidder is Supplier 2 with private information b2 > b1.
Then, according to the rules of a second-price sealed-bid auction,
2
the buyer will pay the price of b2  Quality0 . This will permit
the buyer to achieve from the transaction a value of
a þ d  Quality0  b2  Quality20 without any consideration of a subsequent quality effort bonus to be paid to the supplier. This results in
the
winning supplier’s proﬁt
before
the bonus
of
2
2
PriceA  b1  Quality0 , and PriceA ¼ b2  Quality0 is the price the buyer
pays to the winning supplier. At the end of the auction, however,
the buyer learns about the winning Supplier 1’s private information b1 from the bid that the supplier has made. As a result, the
buyer comes to know that there may be room for further negotiation with Supplier 1 over the price and the quality of the supplies.
This observation will motivate the buyer to engage the supplier in
additional negotiation.
4.3. Post-auction buyer-driven negotiation stage

þ ProbðSatisfactionjEffortÞ  Value
 ½bi  Quality   h  Effort

We next discuss how the auction process leads to identiﬁcation
of the winning supplier and the disclosure of the potential suppliers’ private information. Before the procurement auction begins,
the private information of the buyer d about the utility associated
with the required level of quality for the supply is unknown to the
suppliers, and similarly, the private information of the suppliers bi
with i = {1, 2, . . ., n} reﬂecting their capabilities to produce the requisite quality level for the buyer also is unknown to the buyer. A
supplier provides the initial quality level required by the buyer
in the auction market, based on:

2

In this stage, the buyer and the winning Supplier 1 are able to
negotiate over the quality requirement, Quality, and the corresponding payment to the supplier, Price. The negotiation will begin
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at quality level Quality0 and a price of PriceA, which is b2  Quality0 .
Let t be the total duration in time of the negotiation between the
buyer and the winning Supplier 1, with rb and rs representing the
discount rates of the buyer and the supplier for the overall time
that they spend in negotiation. The objective functions of the buyer
and the winning Supplier 1, representing the proﬁt before the bonus will be given, are:

Profit b;N ¼ expðrb  tÞ  ða þ d  Quality  PriceÞ
2

Profit b;S ¼ expðrs  tÞ  ðPrice  b1  Quality Þ
The duration of one round of negotiation can be expressed by
ln cb/ln rb = ln cs/ln rs, with 0 < cb < 1 and 0 < cs < 1. In this
expression, cb and cs represent the discount factors for the buyer
and the supplier, based on the time they spend in each round to
determine whether to make an offer in the negotiation or to terminate it (Admati and Perry 1987, Cramton 1992). Applying this to
the prior two equations, we can write:

Profit b;N ¼ cm;b  ða þ d  Quality  PriceÞ
2

Profit b;S ¼ cm;s  ðPrice  b1  Quality Þ
The subscript m is the number of negotiation rounds, based on
the total duration of the negotiation divided by the amount of time
for one round to complete, assuming that multiple rounds of negotiation are possible. Both sides would like the number of rounds of
negotiation to be small; the longer the negotiation time is, the
more the discount rate on negotiation time for each party will tend
to erode the value of the transaction. With this formulation, the
negotiation process between the buyer and the supplier will eventually reach a unique Nash equilibrium (Rubinstein 1982). We express the outcomes in terms of the fraction of the supply chain
surplus that they capture in the following lemma:
Lemma 1 (Buyer and Supplier Fractions of Supply Chain Surplus). If
complete information is available to the buyer and supplier, then there
will be a unique Nash equilibrium. In equilibrium, the ﬁrst party to
offer a negotiated price and quality pair will gain a fraction of the
supply chain surplus of (1  cs)/(1  cb  cs) of the total. The second
party to make an offer will gain a fraction of the surplus of
(cs  cb  cs)/(1  cb  cs).
We omit the proof of Lemma 1. With these preliminaries now in
place, we are able to assert our ﬁrst theorem, representing the
price and quality combination in equilibrium, as well as the buyer’s
and the supplier’s proﬁt levels:
Theorem 1 (Unique Equilibrium for Price and Quality after Negotiation, N). If the buyer decides to negotiate after the auction, she will
propose a new quality requirement ﬁrst, then both sides will reach a
unique Nash equilibrium for transaction price and supply quality
within one round of negotiation, with these values:
2

PriceN ¼

!

2

cs  cb cs
d
d
aþ
þ
1  cb cs
4b1
4b1



and Quality ¼

d
:
2b1

In equilibrium, the buyer’s and supplier’s proﬁts from the procurement auction transaction will be:

Profitb;N

1  cs
¼
1  cb cs

d2
aþ
4b1

!

!

c  cb cs
d2
and Profits;N ¼ s
:
aþ
1  cb cs
4b1

We can see from Theorem 1 that the optimal transaction price
and the buyer’s proﬁt are a function of the discounts related to
the buyer’s and seller’s disutility for having to wait to conclude
each round of negotiation, as well as the buyer’s base value for procurement, the buyer’s information constant d about the supplier’s
quality level, and Supplier 1’s private information b1 about what
it will take to supply the requisite product quality level to the
buyer. Determining optimal product quality only depends on the
buyer’s information constant and Supplier 1’s private information
though. Note that it’s the buyer who is the ﬁrst mover in the negotiation process, which is crucial for the Theorem 1’s results to hold.
This makes sense from the buyer’s side, since the ﬁrst mover has an
advantage with respect to the sharing of surplus, and the buyer is
the decision-maker in the procurement setting.
4.4. Post-auction bonuses to incentivize supplier effort
The purpose of offering a performance bonus following the auction and the post-auction negotiation is to incentivize the winning
Supplier 1 to meet the buyer’s expectations. When the winning
supplier supports the realization of the buyer’s satisfaction, the
supplier will get a bonus. We need to formulate another optimization problem to represent the decision involved in the bonus that is
paid, while achieving incentive compatibility and maintaining
individual rationality. This is a minimization problem:
Min Bonus
(
subject to

2

2

2

ðIndiv idual RationalityÞ

In this model, the incentive compatibility constraint implies that
the supplier will not be worse off by exerting high effort instead of
low effort. Here, we are facing a pure moral hazard problem with
no information asymmetry for private information on the observable quality cost parameter b1, but only deals with hidden actions
based on the effort level in this model. The reason is that the winning supplier, as the agent, will reveal the cost parameter for observable quality only after the auction stage, but still before
negotiation ensues. As a result, the contract only needs to provide
an incentive for the winning supplier to make an unobservable
high effort to maximize the probability of achieving the buyer’s
satisfaction. In addition, the individual rationality constraint suggests that a winning supplier who agrees to receive a bonus for
supplying sufﬁciently satisfactory supplies will be able to achieve
a non-negative proﬁt. We can rewrite the prior equation to emphasize the bonus level more directly, as follows:

Min Bonus
8
2
2
< Bonus P hðEffortH EffortL Þ
ProbH ProbL
subject to
hEffort 2L Priceþb1 Quality2
:
Bonus P
ProbL

ðIncentiv e CompatibilityÞ
ðIndiv idual RationalityÞ

The overall solution is given by:
"
#
2
2
2
2
h  ðEffortH  EffortL Þ h  EffortL  Price þ b1  Quality
Bonus ¼ max
;
ProbL
ProbH  ProbL
There are two possible solutions for the optimal bonus. We denote these with the subscripts (1) and (2) on the optimal bonus,
Bonus, so as to not allow the reader to confuse them with the subscript i for suppliers. The ﬁrst solution has two requirements:
2

Bonusð1Þ ¼
Proof. The proof for Theorem 1 and the other main results of this
article are included in Appendix C. h

2

ProbH  Bonus  h  EffortH  ðProbL  Bonus  h  EffortL Þ P 0 ðIncentiv e CompatibilityÞ
ProbL  Bonus  h  EffortL þ Price  b1  Quality P 0

Bonusð1Þ P

2

hðEffort H  EffortL Þ
ProbH  ProbL
h

2
EffortL

and
2

 Price þ b1  Quality
:
ProbL
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The second solution is as follows:

Bonusð2Þ ¼

h

2
Effort L

2

 Price þ b1  Quality
ProbL
2

>

and Bonusð2Þ

2

h  ðEffortH  Effort L Þ
:
ProbH  ProbL

These solutions have interesting managerial implications in the
supply chain procurement game. The ﬁrst of the two solutions implies that the incentive compatibility constraint is binding, so the
net gains from a supplier’s effort will all be equal, regardless of
the two possible levels of effort that the supplier makes. The second set of solutions implies that the incentive compatibility constraint will be satisﬁed as a strict inequality. The implication is
that the net gain from effort will lead to higher proﬁt when the
supplier makes a high effort.
4.5. Comparison of mechanisms
Firms in many industries use a one-shot procurement auction
mechanism without negotiation or bonuses. They are more likely
to use post-auction negotiation as a means for adjusting quality
and price when the supplies being acquired have a complex
description. This may make quality and price harder to specify in
one round, since the buyer needs to make an effort to discover
quality-related information at a number of different prices. For
the modeling approach that we have proposed, an important question still remains. How will the buyer know which e-procurement
mechanism will be more appropriate in a given setting before the
buyer announces to all potential suppliers the rules associated
with the mechanism it selects? How does the buyer’s decision to
stipulate that it wishes to acquire a product of a ﬁxed level of quality compared with a potentially negotiated level of quality affect
the optimal effort bonus to the supplier that the buyer should
choose? How does the auction price that is established by the auction inﬂuence the value-maximizing supplier bonus? We will answer these questions and explore some related issues in the
following analysis by comparing the different mechanism design
choices for e-procurement.
If the buyer chooses to use the ﬁxed-quality mechanism, then
the buyer will use the PriceA and Quality0 parameters, as we discussed earlier. If the ﬁrst set of solutions holds, then the optimal
bonus will be given by
2

Bonusð1Þ ¼

2

h  ðEffortH  Effort L Þ
ProbH  ProbL
2

P

2

h  EffortL  PriceA þ b1  Quality0
:
ProbL

The inequality in this expression can be reduced to another one
2
that isolates Quality0 on the left-hand side:
2

2

Quality0 P

2

h  ðProbH  EffortL  ProbL  EffortH Þ
:
ðProbH  ProbL Þ  ðb2  b1 Þ

The explanation for this inequality is related to the initial ﬁxed
level of quality for the product that is to be procured. If Quality0 is
set relatively high to satisfy the inequality to represent the idea
that the buyer’s preference is for high quality, then the individual
rationality constraint will be easier to satisfy with a lower bonus
to the supplier. As a result, the importance of incentive compatibility outweighs the importance of individual rationality in such
cases. From another point of view, given any speciﬁc value of the
initial product quality that is demanded, it may be helpful to study
the meaning of the term b2  b1 in the denominator. The difference
between the two parameters decreases in the amount of number of
bidders that participate in the auction stage of the e-procurement

process. So it may be the case that by having more potential suppliers involved in the auction will diminish the likelihood of the
winning supplier’s individual rationality. This is common in practice since the winners in many different kinds of auction could often be too generous with their bids and discount the proﬁts with
more competitors.
The winning Supplier 1’s proﬁt, based on the net cost of the procurement transaction from the buyer’s point of view, will be:
2

Profits ðQuality0 ; Effort; Bonusð1Þ Þ ¼ ðb2  b1 Þ  Quality0  h  Effort

2

þ ProbðSatisfactionjEffortÞ
2



2

h  ðEffortH  EffortL Þ
:
ProbH  ProbL

Lemma 2 (Winning Supplier Effort and Invariant Proﬁt). When the
buyer chooses the ﬁxed-quality mechanism with a post-auction
Bonusð1Þ , the proﬁt of the winning supplier will be the same no matter
whether the supplier makes a high or low level of effort. The associated
proﬁt is:

Profits ðQuality0 ; Effort; Bonusð1Þ Þ
2

2

¼ ðb2  b1 Þ  Quality0 þ

2

h  ðProbL  EffortH  ProbH  EffortL Þ
P0
ProbH  ProbL

In this case, the proﬁt of the winning supplier is made up of two
2
parts. One is (b2  b1) Quality0 , which comes from the initial quality
of the product that the suppliers bid to supply in the auction phase.
This is a cost parameter related to the winning supplier’s private
information. Since this private information can inﬂuence the proﬁt
the supplier can achieve, we view it as information rent, and it is
payoff-relevant information for the supplier (Katzman et al. 2010,
McAfee and McMillan 1987). The second part of the proﬁt is represented by the second term. Note that the sign of the denominator
(ProbH  ProbL) will always be positive. Also, the numerator
2
2
h  ðProbL  EffortH  ProbH  EffortL Þ has an interesting economic
explanation. If this term is positive, then it can be regarded as the
information rent of hidden action. This is the cost that the buyer must
bear which stems from the supplier’s unobservable effort. In other
words, this is the amount the buyer should be willing to pay to
the winning supplier to stimulate a high enough level of effort to
produce a good or service that is likely to result in the buyer’s satisfaction. If the term is negative, then it may be more appropriate to
think of this term as opportunity cost of effort. This is the difference
between the high and low costs of supplier effort, modiﬁed by
buyer’s probability of satisfaction. In this case, the supplier, not
the buyer, should absorb the cost. Although the term
2
2
h  ðProbL  EffortH  ProbH  EffortL Þ may be negative or positive, the
overall proﬁt of the winning supplier based on its private information and its unobservable effort will be positive, reﬂecting its individual rationality.
Lemma 2 also shows that, when the buyer chooses a very low
initial quality level for procurement, the second part of the supplier’s proﬁt will be more likely to be positive as an information
rent once again, as the buyer’s cost of discovering the unobservable
effort of the supplier. When the supplier only is able to get very little beneﬁt from the private information he holds in the auction
stage, there is a probability that the supplier will beneﬁt more than
what he may pay in opportunity cost of effort to obtain a quality
effort bonus. Thus, we state:
Theorem 2 (Buyer’s Proﬁt from the Fixed-Quality Mechanism with a
Post-Auction Effort Bonus, Solution 1). When the buyer chooses the
ﬁxed-quality mechanism for procurement with a post-auction
Bonusð1Þ , the winning supplier will make a high level of effort. The
buyer’s proﬁt will be
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Profitb ðQuality0 ; PriceA ; Bonusð1Þ Þ ¼ Profitb;A
þ ProbðSatisfactionjEffortH Þ
 ðValue  Bonusð1Þ Þ
2

¼ a þ d  Quality0  b2  Quality0
þ ProbH ðValue  Bonusð1Þ Þ;
2

where a þ d  Quality0  b2  Quality0 is the buyer’s revenue from auction assignment without considering the trade-off between achieving
value while paying the supplier a bonus.
Recall that Lemma 2 states that the supplier will obtain the
same proﬁt level by exerting high or low effort under the ﬁxedquality mechanism with Bonusð1Þ . In the current mechanism, high
effort from the supplier will generate more expected proﬁt for
the buyer. Thus, we conclude, based on Theorem 2, that the winning supplier will make a high effort under the scenario with a
ﬁxed-quality mechanism.
The buyer’s proﬁt includes two parts. One is the proﬁt generated after the auction stage, and the other is the difference between the value and the cost of what is supplied. If the second
set of solutions holds, then the optimal bonus will be given by
2

Bonusð2Þ

2

h  EffortL  PriceA þ b1  Quality0
¼
ProbL
2

>

2

h  ðEffortH  EffortL Þ
:
ProbH  ProbL

The inequality in this expression can be reduced to another one
2
that isolates Quality0 on the left-hand side once again, as follows:
2

2
Quality0

Theorem 3 (Buyer’s Proﬁt from the Fixed-Quality Mechanism with a
Post-Auction Effort Bonus, Solution 2). When the buyer chooses the
ﬁxed-quality mechanism with a post-auction Bonusð2Þ , the supplier
will make a high level of effort and the buyer will obtain value based
on

Profitb ðQuality0 ; PriceA ; Bonusð2Þ Þ ¼ Profitb;A
þ ProbðSatisfactionjEffortH Þ
 ðValue  Bonusð2Þ Þ

2

h  ðProbH  Effort L  ProbL  EffortH Þ
<
:
ðProbH  ProbL Þ  ðb2  b1 Þ

2

¼ a þ d  Quality0  b2  Quality0
þ ProbH ðValue 

This leads us to assert:
Lemma 3 (Supplier’s Proﬁt from the Fixed-Quality Mechanism with a
Post-Auction Effort Bonus, Solution 2). If the buyer chooses the ﬁxedquality mechanism with a post-auction Bonusð2Þ , then the winning
supplier will make a high effort and his proﬁt will be given by

Profits ðQuality0 ; EffortH ; Bonusð2Þ Þ
2

¼ ðb2  b1 Þ  Quality0
þ

The mechanism is implemented in two stages, and the supplier’s
individual rationality constraint will cause it to try to minimize
the bonus it offers to the winning supplier. The expression ProbH
2
(b2  b1) Quality0 is the adjustment to the information rent, based
on the supplier’s revenue from auction stage.
From Lemmas 2 and 3, in both cases the initial quality of the
supplies that the buyer wishes to acquire may set up a trade-off
between the auction stage information rent and post-auction bonus related to supplier effort. If the buyer’s initial requirement
for quality is relatively high, the winning supplier will obtain a
higher proﬁt based on its cost advantage in the auction stage,
and this makes the bonus for the supplier less important. When
the number of bidders is large so that the difference b2  b1 is
small, then the buyer’s choice to require a relatively higher quality
for supplies will ensure that the winning supplier can achieve a
reasonable proﬁt in the presence of high supplier competition.
When there are fewer bidders, however, the buyer may wish to focus on the effectiveness of the bonus to the supplier, since the winning supplier may not be able to proﬁt very much from a relatively
lower level of product quality.

h  ðProbH 

2
EffortL

 ProbL 

2
EffortH Þ

 ProbH ðb2  b1 Þ 

2
Quality0

ProbL

P 0:
In this case, the buyer will choose the second solution for the
bonus. This will ensure that the supplier will prefer to make a high
effort rather than a low effort. Accordingly, the supplier’s proﬁt in
this situation will contain two parts as we discussed before. The
2
ﬁrst part (b2  b1) Quality0 will be the same as for Lemma 2. The
second part is the second term for Profits ðQuality0 ;
EffortH ; Bonusð2Þ Þ. Let’s focus on the numerator of the second part
of the solution now. There are two possibilities for its sign. For a
positive sign on this part, we can interpret this as the supplier’s
information rent for unobservable effort. For a negative sign, once
again we can think of this as an opportunity cost for effort.
With some additional analysis, we can see that h  ðProbH 
2
2
EffortL  ProbL  EffortH Þ will always be positive in this case. This

hðProbH Effort2L ProbL Effort2H Þ
must hold,
ðProbH ProbL Þðb2 b1 Þ
2
Quality0 will also always be positive.
2

is because the inequality Quality0 <

while the value of (b2  b1)
The intuition for this conclusion is as follows. When the initial
ﬁxed level of quality for the supplies to be procured stimulates
high effort on the supplier’s part, it will be an information rent
for the buyer rather than an opportunity cost for the supplier.

Bonusð2Þ Þ:

Similar to Theorem 2, the buyer’s proﬁt is also made up of two
parts: the proﬁt from the auction stage, and the difference between
satisfaction value and cost, taking into account the possibility of
satisfaction conditioning upon high effort. For the ﬁxed-quality
supply procurement mechanism, the only difference from the
buyer’s perspective will be on the form of the bonus that is offered:
either based on the ﬁrst or the second solutions.
In contrast, if the buyer chooses to use the negotiable-quality
mechanism, then the buyer will need to use the PriceN and Quality
parameters, as we discussed earlier. If the ﬁrst set of2 solutions
hðEffort Effort2 Þ
holds, then the optimal bonus will be Bonusð1Þ ¼ ProbHHProbL L P
hEffort2L PriceN þb1 Quality2
. This inequality
 ProbL 2 
hðProbH Effort2L ProbL Effort2H Þ
cb cb cs
d
P
þ
.
ProbH ProbL
1cb cs
4b1

can

be

reduced

to

a

Lemma 4 (Supplier’s Proﬁt from the Negotiable-Quality Mechanism
with a Post-Negotiation Effort Bonus, Solution 1). If the buyer chooses
the negotiable-quality mechanism with a post-negotiation Bonusð1Þ ,
then the supplier exerts high effort and his proﬁt will be:


Profits ðQuality ; Effort H ; Bonusð1Þ Þ
!
2
2
cs  cb cs
d2
h  ðProbL  Effort H  ProbH  EffortL Þ
¼
aþ
P 0:
þ
ProbH  ProbL
1  cb cs
4b1
In this case, the proﬁt of the winning supplier is still made up of
two parts: the ﬁrst term arises from the negotiation stage with
Quality = d/2b1. This part is the traditional Rubinstein bargaining
share (Rubinstein 1982) based on the buyer’s and the supplier’s different discount factors. The essence of the Rubinstein bargaining
equilibrium is that the more ‘‘patient’’ participant – in other words,
the one that applies less of a value discount to time spent in negotiation – will be the one who is able to achieve higher value
through negotiation. The other part of proﬁt is given by the second
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Table 2
Analysis of the buyer’s optimal e-procurement mechanism design choices.
Cases

Term 1

Term 2

Buyer’s proﬁt by mechanism design choice
Profit b ðQuality0 ; PriceA ; Bonusð1Þ Þ
Profit b ðQuality0 ; PriceA ; Bonusð1Þ Þ
Profit b ðQuality0 ; PriceA ; Bonusð1Þ Þ
Profit b ðQuality0 ; PriceA ; Bonusð1Þ Þ
Profit b ðQuality0 ; PriceA ; Bonusð2Þ Þ
Profit b ðQuality0 ; PriceA ; Bonusð2Þ Þ
Profit b ðQuality0 ; PriceA ; Bonusð2Þ Þ
Profit b ðQuality0 ; PriceA ; Bonusð2Þ Þ

1

>0

>0

2

>0

>0

3

>0

<0

4

>0

<0

5

<0

>0

6

<0

>0

7

<0

<0

8

<0

<0

>
<
>
<
>
<
>
<

Buyer’s mechanism design choice


Profitb ðQuality ; PriceN ; Bonusð1Þ Þ

Profitb ðQuality ; PriceN ; Bonusð1Þ Þ

Profitb ðQuality ; PriceN ; Bonusð2Þ Þ

Profit b ðQuality ; PriceN ; Bonusð2Þ Þ

Profit b ðQuality ; PriceN ; Bonusð1Þ Þ

Profitb ðQuality ; PriceN ; Bonusð1Þ Þ

Profitb ðQuality ; PriceN ; Bonusð2Þ Þ

Profitb ðQuality ; PriceN ; Bonusð2Þ Þ

Fixed-quality mechanism with Bonusð1Þ
Negotiable-quality mechanism with Bonusð1Þ
Fixed-quality mechanism with Bonusð1Þ
Negotiable-quality mechanism with Bonusð2Þ
Fixed-quality mechanism with Bonusð2Þ
Negotiable-quality mechanism with Bonusð1Þ
Fixed-quality mechanism with Bonusð2Þ
Negotiable-quality mechanism with Bonusð2Þ

Notes. This table provides comparisons between the buyer’s proﬁts for the use of a transaction price for ﬁxed-quality supplies that is established by the e-procurement
auction versus a negotiated price for a negotiable level of quality of the supplies. It also makes comparative evaluations of the buyer’s proﬁts for two different forms of a bonus
for the supplier’s effort. The means for determining which mechanism the buyer should select is based on whether the ﬁxed-quality mechanism or the negotiable-quality
mechanism yields a higher level of proﬁt for the buyer. The suppliers in these cases can only determine whether they wish to offer supplies to the buyer, based on whether
they can make a proﬁt themselves. They are powerless to decide on the mechanism that the buyer selects or how much the effort bonus will be. The latter aspect of the
mechanism is a means that the buyer uses to encourage the supplier to produce an appropriate level of quality so the buyer will be satisﬁed.

term, for which we again can apply the earlier arguments that we
have made related to the information rent for the supplier that is
generated from its unobservable effort and the opportunity cost of
effort. So we will not repeat the details here.8
In summary, we have shown that it is possible to design supplier bonuses to ensure that the winning supplier will make a high
level of effort to enhance the likelihood that the buyer will receive
a satisfactory product or service. Recall that we assumed that
2
2
Value P h  ðEffortH  Effort L Þ=ðProbH  ProbL Þ to ensure high effort
is the ﬁrst-best solution in terms of the supply chain’s efﬁciency,
which can also ensure buyer’s proﬁt maximization accordingly.
We explored two types of bonuses. The ﬁrst kind generates
uncertain revenue for the supplier based on the term h  ðProbL 
2
2
EffortH  ProbH  EffortL Þ. We characterized this as information rent
when it is positive, and an opportunity cost of effort when it is
negative. The value of the second type of bonus comes from the
winning supplier being able to achieve more proﬁt through making
a higher level of effort because of a looser incentive compatibility
constraint. On the buyer’s side, to minimize its cost of procurement, the buyer must adjust the optimal bonus for supplier effort
downward to compensate for the supplier’s gains in the auction.
(The reader may wish to check the buyer’s and supplier’s proﬁts
from the Negotiable-Quality Mechanism with Post-Negotiation Bonus,
Solution 1 or Solution 2, in Appendix C2. We omitted those details
in the body of this article for brevity, but use them directly in
Section 5 on mechanism selection.)
5. Optimization mechanism selection and its consequences
In this section, we will ﬁrst compare the ﬁxed-quality and negotiable-quality e-procurement mechanisms with two types of bonuses in terms of buyer’s proﬁt. The reason that we’ve made this
choice is because our modeling approach positions the supply
chain buyer in the role of choosing the transaction exchange mechanism that is most beneﬁcial. We will discuss a three-step procedure to support the buyer’s effort as a decision-maker to choose
the optimal mechanism and the appropriate bonus. Second, from
the supplier’s view, we will analyze how the different mechanisms
that can be selected by the buyer affect the winning supplier’s
proﬁt. We will evaluate whether a Pareto improvement can be
achieved from the negotiable-quality mechanism in comparison
to the ﬁxed-quality mechanism. We also will evaluate from a social
8
We offer two additional theorems (Theorems C1 and C2) and another lemma
(Lemma C1) with additional results on the buyer’s and supplier’s proﬁt levels for the
negotiable-quality mechanism after the winning supplier receives a bonus from the
buyer at the end of the article. See Appendix C.

planner’s standpoint how the supply chain’s surplus is affected by
the buyer’s mechanism design choices.
5.1. Comparing the value of the buyer’s mechanism choices
Based on our earlier exposition, we argue that in order to
achieve an optimal procurement strategy involving an e-procurement auction mechanism and a bonus, the buyer only will need
to compare the values of Proﬁtb (Quality, Price, Bonus) with different
mechanisms and different bonus types. The strategy leading to the
maximum value of the buyer’s proﬁt function will indicate the
buyer’s optimal mechanism design choice. Before describing the
three-step optimization procedure, we want to note that we will
use the following to simplify the modeling notation. Recall from
2
2
our earlier analysis that h  ðProbL  EffortH  ProbH  EffortL Þ is the
information rent from the buyer’s viewpoint or as the opportunity
cost of effort for the supplier’s to make the buyer satisﬁed. The
2

reader should also consider Quality0 þ

hðProbL Effort2 ProbH Effort2 Þ
H
L
ProbH ProbL

b2 b1

(Term 1),

which comes from the supplier’s proﬁt after the auction and the
information rent obtained from the bonus in the contract, and
hðProb Effort2 Prob Effort2 Þ

L
H
H
L
(Term 2), where Profit s;N ¼
Profits;N þ

 ProbH ProbL
2
cs cb cs
d
is
the
supplier’s
Rubinstein
bargaining share from
a
þ
1c c
4b1
b s

negotiation after the auction closes.
The two expressions, Terms 1 and 2, inﬂuence the buyer’s and
the winning supplier’s proﬁts. We will analyze eight different cases
that are formed when the supplier’s proﬁt from the buyer’s mechanism choice with the two different bonus solutions, Bonusð1Þ and
Bonusð2Þ , is greater than or less than zero. Terms 1 and 2 have a
close relationship with the supplier’s proﬁt based on the two
mechanisms and two types of bonuses. The structure of our analysis involves selecting one of the bonuses, Bonusð1Þ , for example, and
evaluating the optimal value of the best mechanism decision
choice. So for Bonusð1Þ , we will evaluate the buyer’s mechanism
choice based on whether ﬁxed-quality supplies versus negotiable-quality supplies, with the latter resulting from quality and
price negotiation, are included. We will consider which produces
the highest payoff for the buyer.
With our emphasis on the computational procedures involved
in mechanism selection, we wish to point out that the buyer only
will need to perform a three-step calculation to make its best
mechanism design choice for the e-procurement. In Step 1, we
check the sign of Term 1 to see if it is positive. If so, then the value
of Auction with Bonus(1) will dominate the value of Auction with
Bonus(2). If the sign of Term 1 is negative, then the value of Auction
with Bonus(2) will represent more expected proﬁt for the buyer. In
Step 2, if the sign of Term 2 is positive then the value of Negotiation
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Table 3
The effect of the buyer’s mechanism design choice on supplier proﬁt and the aggregate surplus of the supply chain.
Cases

Term 1 Term 2 Buyer’s mechanism design choice
Bonusð1Þ

Effect on supplier proﬁt and Pareto Improvement


Profits ðQuality0 ; Effort H ; Bonusð1Þ Þ < Profits ðQuality ; EffortH ; Bonusð1Þ Þ

1

>0

>0

Fixed-quality mechanism with

2

>0

>0

Negotiable-quality mechanism with
Bonusð1Þ

The probability of Pareto improvement (welfare improvements for the buyer and the supplier
both) is positive

3

>0

<0

Fixed-quality mechanism with Bonusð1Þ

Profits ðQuality0 ; Effort H ; Bonusð1Þ Þ < Profits ðQuality ; EffortH ; Bonusð2Þ Þ

4

>0

<0

Negotiable-quality mechanism with
Bonusð2Þ

The probability of Pareto improvement is also present here

5

<0

>0

Fixed-quality mechanism with Bonusð2Þ

Profits ðQuality0 ; Effort H ; Bonusð2Þ Þ < Profits ðQuality ; EffortH ; Bonusð1Þ Þ

6

<0

>0

Negotiable-quality mechanism with
Bonusð1Þ

The possibility of Pareto improvement exists in this case also

7

<0

<0

Fixed-quality mechanism with Bonusð2Þ

Profits ðQuality0 ; Effort H ; Bonusð2Þ Þ < Profits ðQuality ; EffortH ; Bonusð2Þ Þ

8

<0

<0

Negotiable-quality mechanism with
Bonusð2Þ

Pareto improvement is also possible here







Notes. This table provides an analysis of whether the optimal mechanism design choice from the buyer’s perspective yields a higher or lower proﬁt for the winning supplier.
In this analysis, the buyer provides one of two levels of product quality to the supplier: the originally-established ﬁxed level of quality, Quality0, with no negotiation, or the
negotiated level of quality, Quality, that is also likely to imply a negotiated price. When the optimal mechanism design choice yields an attractive proﬁtability outcome for
the buyer and the supplier, Pareto improvement is established. However, when the mechanism design choice of the buyer causes the supplier’s proﬁt to be transferred to the
buyer, a transfer of surplus share occurs.

with Bonus(1) will be greater than the value of Negotiation with
Bonus(2). If Term 2 is negative, then Negotiation with Bonus(2) will
be preferred. In Step 3, one only needs to compare those two ﬁnal
values to select the winning strategy for the speciﬁc setting. See
Tables 2 and 3 for additional details.
As to all parameters needed in the calculations in these tables,
the buyer cannot know or monitor the supplier’s effort level during
the period of the e-procurement transaction. However, the model
assumes that discrete value of effort, EffortL and EffortH, and their
associated probabilities, ProbL, and ProbH, related to the buyer’s expected value are all common knowledge. In addition, the values of
d, b1 and b2 are initially private information, but during the course
of the e-procurement transaction, they are revealed through the
auction process and based on the outcome of the negotiation. In
particular, the buyer will act as the decision-maker in e-procurement in the setting that we are modeling. The buyer will be able
to acquire knowledge of the values of b1 and b2 when the auction
ﬁnished. This will occur before the negotiation stage begins, when
the buyer selects whether to include a negotiable-quality mechanism. As a result, the buyer will be able to calculate the proﬁtability implications of whether to include price and quality negotiation
and what the bonus level should be.
5.2. Implications of the buyer’s mechanism choice for the winning
supplier
Although the approach that we have outlined to evaluate the
buyer’s optimal choice of the e-procurement mechanism is not
hard, unfortunately, it is not so simple a process to develop similar
results for the winning supplier. The reader should keep in mind
that the setting that we are modeling permits the buyer to have
a modicum of control, since it chooses the transaction mechanism,
and whether quality and price negotiation is used, and also how
the supplier bonus should be set. The supplier is not able to do this.
The winning supplier cannot choose any of these. It can only evaluate its individual rationality constraint. And, if it is not satisﬁed,
then the supplier will have no incentive to complete an e-procurement transaction with the buyer.
In spite of the greater complexity of analysis and a more limited
ability to draw strong conclusions, we still can offer a number of
useful observations, based on the following theorem, which is
the result of Pareto improvement analysis, similar to the classical
economic approach we discussed earlier. To wit:

Theorem 4 (The Pareto Improvement Theorem). When the buyer
chooses the negotiable-quality mechanism, there is a positive probability that the buyer’s and the supplier’s proﬁts will both increase,
resulting in Pareto improvement. However, when the buyer chooses
the ﬁxed-quality mechanism for e-procurement as its optimal strategy,
it will result in a transfer of surplus from the supplier to the buyer,
such that there is no possibility for Pareto improvement. Instead, the
buyer’s choice of the ﬁxed-quality mechanism will diminish the
supplier’s proﬁt.
The reason that we use the words ‘‘some likelihood’’ in the theorem related to the buyer’s choice of the negotiable-quality mechanism is that the outcome doesn’t depend solely on the two terms
that we analyzed, along with the opportunity cost of supplier effort
in e-procurement. On the other hand, our conclusion regarding the
ﬁxed-quality mechanism and the inability of the mechanism to
make a Pareto-improving gain is unambiguous. Since the partial
proof results are straightforward to establish, we will not present
them.

5.3. Supply chain’s total proﬁt
To bring our analysis full circle, it is appropriate for us to go
beyond the evaluation of the individual proﬁt outcomes for the
buyer and the winning supplier. Although we have seen that
the buyer’s mechanism choice creates a basis for Pareto proﬁtability improvements, there is also evidence from our analysis
that the ﬁxed-quality mechanism changes the buyer’s and the
supplier’s shares of the surplus that is produced. In some situations, the value outcome for the buyer may not be as important
as the level of social welfare that is created by the e-procurement process that is supported by the chosen mechanism design.
For example, the e-procurement buyer might be a government
institution.
Besides the individuals’ utility, sometimes the social welfare or
the supply chain’s surplus is also a concern of the buyer. This is
especially true when the buyer is in the public services sector (Edquist et al. 2000, Chen et al. 2011). The social welfare of the e-procurement transaction is equal to the aggregate surplus of the ﬁnal
transaction that occurs between the buyer and the winning supplier of the supplies that are to be procured. The following theorem
helps to clarify which mechanism is optimal in terms of social
welfare:
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Theorem 5 (The Social Welfare and Mechanism Choice Theorem). The aggregate social welfare associated with the ﬁxed-quality
mechanism will not be greater than the social welfare of the
negotiable-quality mechanism. More precisely,


SurplusðQuality0 ; EffortÞ  SurplusðQuality ; EffortÞ
 2

¼ b1 ðQuality0  Quality Þ 6 0:
The implication of Theorem 5 is that although either mechanism can be better than the other under different circumstances
in terms of the buyer’s revenue, the negotiable-quality mechanism
will always unambiguously improve supply chain’s surplus compared with the auction combined with a bonus contract, which
we have referred to as the ﬁxed-quality mechanism. The intuitive
explanation of this ﬁnding is that the equilibrium that arises when
price and quality negotiation improves the supply chain’s revenue
by optimizing the quality of the supply that the winning supplier
delivers. This unique negotiation equilibrium for the buyer and
the supplier is built on the existence of an information symmetry
that occurs after the auction stage, in particular, at the epoch when
the buyer declares the negotiable quality, of the e-procurement
process.
When we move to a multi-stage-procurement mechanism design, it is necessary to study the outcomes of the auction process
in terms of the private information that is revealed when a winning
supplier is determined. The supply chain surplus needs to be evaluated separately though. The buyer’s mechanism selection is more
complicated than if there were a centralized decision made by a
‘‘social planner’’ who makes the mechanism design decisions on
behalf of the buyer and the supplier to maximize supply chain surplus. A number of factors will affect the value of the buyer’s mechanism design choice. These include the transaction price that is
established during the auction, the discount factors for the value
of negotiating quality and price that depend on the ‘‘patience’’ level
of the buyer and the supplier, and the opportunity cost of low supplier effort. These all will affect the choices that the buyer will offer
the winning supplier.
6. Discussion
In the discussion that follows, we will brieﬂy discuss a number
of issues that arise, in view of the e-procurement mechanism design ideas that we have proposed. They include the overall efﬁcacy
of the proposed mechanism, and the related role of buyer risk neutrality and risk aversion. In addition, we will consider whether the
proposed mechanism can support fair value sharing between the
buyer and the suppliers, and if the availability of outside options
for moving their supplies to the market will have an impact on
our ﬁndings and recommendations. Finally, we will discuss the
implications of our lack of inclusion in our proposed mechanism
of a neutral, third-party electronic market intermediary. All of
these considerations are valuable to examine, since they help us
to evaluate the extent of the contribution that our proposed mechanism has to offer.
6.1. The efﬁcacy of the proposed e-procurement mechanism
The effectiveness over time of the proposed e-procurement
mechanism rests with the ability of the buyer to give sufﬁcient
incentives to suppliers to disclose their private information about
what it will cost to deliver a level of quality of the supplies that
the buyer demands. Based on our observation of current practices
in the marketplace, it is common now for buyers to offer suppliers
bonuses associated with effort and quality, and in addition, price
and quality negotiation also are occurring (Davenport and Kalagna-
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nam 2002, Rothkopf and Whinston 2007). What has been missing,
as we noted at the outset of this research, is a means to integrate
the analysis of each of these components of our proposed e-procurement mechanism, built on top of the usual functionality of
an e-procurement auction that establishes an initial price for a
ﬁxed level of quality for the supply of a product that a buyer
requires.
In our modeling approach, we considered the possibility that
the buyer and the supplier might exhibit a lack of patience with
the negotiation process, and thus, might both wish to see if they
can improve the quality of the supply that is transacted, while still
achieving a competitive price for the transaction that yields beneﬁts for both sides. In the real world of e-procurement using the
kind of mechanism that we have described, it is likely that the
quality and price negotiation process can extend over several
rounds, and that the levels of quality that are considered need
not be only high and low. In fact, the inclusion of a continuous level
of quality would likely result in improvements to the proﬁt and
supply chain surplus outcomes from e-procurement, in the same
way that the offering of many different price levels for a product
or a service in retailing permits the seller to obtain the beneﬁts
of consumer surplus in the market. We expect, without loss of generality, that negotiation around a continuous level of quality is
something that all of the participants would probably view as beneﬁcial to the operation of the market mechanism. Just as it may be
easier for ﬁrms to supply different amounts of a product due to
economies of scale, so may it also be the case that not all ﬁrms
would be easily able to supply a given level of product quality
based on the heterogeneous organization of their operations.
6.2. Procurement risk, risk neutrality and risk aversion
Clemons et al. (1993) have suggested that quality and price are
only part of the story in procurement: there are considerable risks
in procurement relationships that have to be shouldered by the
buyer. The result is that in many industries we see a ‘‘move to
the middle,’’ in lieu of the purely market-based selection of suppliers who offer the best quality and price combinations. In some
cases such as the market for enterprise systems procurement, as
discussed by Kauffman and Tsai (2009), we see evidence of uniﬁed
procurement involving a single supplier to a buyer where there is
agreement established about the standard solutions that are employed to support the business process of bilateral procurement.
In this research, we have made an important implicit assumption that deserves additional comment. We assumed that the
buyer is risk-neutral, and places no importance at all on the fact
that the e-procurement mechanism results in just one winning
supplier. Based on Clemons et al. (1993), there are a number of reasons why this perspective might ultimately lead to a very limited
role for our modeling analysis and results. Buyers often need to
be defensive to some extent in their procurement activities, by taking steps to ensure that they have relationships with suppliers who
can deliver as much supplies as they need when they need them at
reasonable costs. This consideration is a form of supply chain liquidity that is analogous to the operations of an efﬁcient ﬁnancial market, where it is possible to buy or sell a given ﬁnancial instrument
at a fair price in a reasonable amount of time.
Consider the possible impact when a buyer exhibits risk aversion in this context. The ﬁrst issue that the buyer will have to rethink is its reliance upon the dimensions of quality and price.
The kinds of quality that arise include the following. Will the present and future acquisition of supplies at the negotiated level of
quality be possible, so the buyer’s use of what it acquires as inputs
to its own products will support an even level of quality over time?
At higher levels of negotiated quality, is there a greater possibility
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that suppliers will have a difﬁcult time to supply the quality that is
demanded? As the reader can see, these kinds of issues suggest
that when an e-procurement buyer is risk-averse, a number of issues will arise that are not directly handled by the mechanism
we have proposed.
6.3. The effects of e-procurement market intermediaries
In our modeling analysis, we decided not include the possibility
that an electronic market intermediary would provide services to
both the buyer and the suppliers, as a means to provide value
through a neutral third-party mechanism for e-procurement. The
theory of intermediation suggests that intermediaries will exist
in the context of a business process when the value that the intermediary creates is greater that the cost that is incurred by the recipient of the intermediary’s services (Spulber 1996). In addition,
the intermediary should be expected to only supply its services if
its own rationality constraint is met, so that its provision of services results in the creation of a level of proﬁt that goes beyond
its costs.
Wu (2004) distinguishes between transactional intermediaries
and informational intermediaries in support of procurement. He also
discusses the role of the intermediary, which includes obtaining
information about each supplier’s opportunity cost of providing
supplies, and the buyer’s willingness-to-pay. The value of the intermediary is due to its capacity to create a non-negative bid-ask
spread and then to make a transaction on behalf of the buyer
and the supplier, in a way that maximizes the intermediaries
own proﬁt. The intermediary’s value also depends on the structure
of exchange, for example, in bilateral exchange and bargaining,
whether the parties are able to provide complete versus incomplete information about their private parameters to the
intermediary.
The introduction of an electronic intermediary into the e-procurement process immediately raises the issue of whether the suppliers will be able to do better in the presence of supply chain
intermediaries, as opposed to in its absence. Prior results of research on electronic market participation from the buyer’s and
the supplier’s perspective has suggested that the supply chain surplus that can be achieved through an intermediated mechanism
will be high (Dai and Kauffman 2002). However, individual buyers
often do not appreciate the presence of other buyers who are competing for similar supplies, since this puts upward pressure on
transaction prices. Similarly, suppliers in heavy competition with
one another also will create downward pressure on the prices they
can change for the supplies they offer in the market (Dai and Kauffman 2006).
Our model has made a critical assumption in this respect: that
there is sufﬁcient competition among suppliers in the e-procurement mechanism that we have designed so that the buyer will face
supply quality and prices that mimic the market-at-large. One-off
e-procurement processes that are hosted by the buyer don’t offer
the same beneﬁts for suppliers though, since there is only one ﬁrm
in the process that demands their supplies. As a result, the reader
should see that there is likely to be some lack of balance in the beneﬁts that our mechanism can deliver. The competing suppliers may
appreciate the opportunity to receive a supply quality effort bonus
and conduct quality and price negotiations in a manner that is
intermediated. This will help to ensure that the beneﬁts are available to all of the participants and Pareto improvement may be
achieved. On the other hand though, we should expect that intermediation will not come for free: the gains that will be produced
for the buyer and the suppliers will need to be in excess of the costs

that the participants incur (e.g., the fee for market management
levied by the intermediary). More importantly, the supply chain’s
net beneﬁts will need to be higher for the intermediated mechanism than for the buyer-led mechanism.
6.4. Fair value sharing, outside options and buyer–supplier
relationship stability
In our setting, the control of some of the value-driving elements
of the e-procurement mechanism choice rests with the buyer. As a
result, the issue of fair value-sharing arises (Kauffman et al. 2010).
This is not the usual kind of setting in which Nash bargaining occurs, ensuring the sharing of fair value according to contribution
of the agents to the business process of procurement (Nash
1953). Depending on the experience of the winning suppliers over
time with the buyers, we expect the suppliers to become increasingly sensitive to the amount of value that they are able to appropriate through the use of the transaction exchange mechanism. For
example, if the buyer is not a monopoly, but nevertheless has very
large procurement needs, like Wal-Mart or Target, then it should
be the case that suppliers will always possess an outside option
to use another e-procurement mechanism and to offer their supplies to other buyers (Han et al. 2008). If they can do this, then they
can negotiate with the buyer in our mechanism on the basis of
more than quality and price. This may result in different expected
proﬁt levels and a different equilibrium outcome (Binmore et al.
1989, De Meza and Lockwood 1998). This would change the predictions that we have offered in this research.
The chance for a long-lasting procurement relationship, offering
the promise of proﬁtable repeat business, may be another consideration. It is often the case that a buyer and its suppliers have an
incentive to create shared infrastructure and interorganizational
system support, to the extent of engaging in joint ownership (Clemons and Row 1992). This sunk cost often has the effect of changing the incentives that a buyer and its suppliers have to work with
one another (Bakos and Nault 1997). In addition, prior research has
shown that information sharing between the buyer and its suppliers is beneﬁcial to diminish the information asymmetries that occur around how to forecast and create the necessary supply to
match buyer-side demand (Lee and Whang 2000, Lee et al.
2000). Other authors have shown that this involves a strategic signaling game in supply chain management, because it is so costly to
do this (Kauffman and Mohtadi 2009). The result has been the rise
of collaborative planning, forecasting and replenishment (CPFR),
and vendor-managed inventory (VMI) approaches, with their concomitant beneﬁts (Clark et al. 2001, Vendor Managed Inventory.com 2007, Yao and Dresner 2008), but also with a number
of down-side risks for information sharing (Clemons and Hitt
2004, Kauffman and Mohtadi 2004). Still though, the related search
costs for ﬁnding appropriate partners remains high, even in 2010,
so we have seen the rise of business networks that focus on making
e-procurement in different regions of the world as cost-effective as
possible (Fung et al. 2008, Kauffman et al. 2010), and on intermediaries that aim to offer transparent market mechanisms for their
participants (Granados et al. 2010). On the other hand, it may be
the case that procurement in the industry that the supplier offers
its products to tends not to exhibit long-lasting relationships
involving a buyer and a few key suppliers.
7. Conclusion
We have explored a problem related to the selection of an eprocurement mechanism for an organizational buyer in supply
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chain management, which has been discussed recently in decision
support system terms by Block and Neumann (2008). We compared two multi-stage mechanisms for choosing an appropriate
supplier in a setting that involves a procurement auction, and optional price and quality negotiation with an effort bonus for the
supplier. The mechanisms both involve an initial second-price
sealed-bid procurement auction, and the possibility of offering
the winning supplier a bonus for supplying a product or service
so that the buyer is satisﬁed. The mechanisms also differ. The
ﬁxed-quality mechanism does not permit supply price or quality
negotiation, while our negotiable-quality mechanism allows this.
From our review of the prior research, we concluded there are
no standard or preferred ways for designing multi-stage e-procurement processes. The inclusion of buyer–supplier negotiation and
supplier bonuses are observed in the real world, although there
are numerous different mechanisms that have been explored. Yet
there is no research that has analyzed the additional aspects of
the mechanism that we have focused on to our satisfaction. In particular, we have noted the potential agency problems on the supplier’s side. This is why we decided to include the possibility of a
bonus in the mechanism; it treats the issue of moral hazard directly, by permitting the supplier to make a chosen level of effort
to produce a product that makes the buyer satisﬁed. Our results
suggest that an option for buyer–supplier negotiation improves
the supply chain’s surplus, by encouraging a transaction that includes the most desired price-quality combination by the buyer.
This result only will hold so long as the negotiation results differ
from the results that the auction produces in terms of the winning
supplier, price and quality though. Our results further suggest that
negotiation is not always the preferred option for the buyer due to
the effects of other characteristics of the transaction. They include
the auction outcome, the discount factors on value that the buyer
and suppliers ascribe to the duration of the negotiation, and the
impacts of the bonus.
We note two key limitations to this research that we would like
to share with the reader. First, we have boiled down the e-procurement process to a relatively basic form, in order to make it possible
to build up greater complexity with post-auction negotiations on
price and quality, and the possibility that the supplier can obtain
a performance bonus. It is natural to recognize that many e-procurement transactions occur in combinatorial auction form, rather
than as one-off acquisitions of individual products or services. This
doesn’t invalidate the modeling work that we have done, nor does
it blunt the main intuition of our ﬁndings. Still, it points out that it
is important to see whether it is possible, in advance of building
more complex models, to see what sort of intuition might apply
in our setting. Thus, it will be necessary to ask questions that include: What issues could arise with the offering of a supplier effort
bonus in a combinatorial auction setting that would diminish the
logic of our conclusion that bonuses are important in deterring
suppliers actions that are founded on moral hazard or adverse
selection? How might such a chance in the pre-negotiation mechanism affect the conclusion we drew that post-auction mechanism
will lead to ﬁrst-best supply quality delivery and the most surplus
from the supply chain operations? Nevertheless, it will be necessary to spend more time to evaluate whether the general structure
of the trade-offs that we described (if not the functional forms or
parameter values) will continue to characterize combinatorial eprocurement with negotiation and bonuses.
Second, another simpliﬁcation that we made in this research is
that there is always one winning supplier and that the supplier
only supplies a unit of the demanded supply. In many real-world
e-procurement contexts, it is the case that multiple suppliers pro-
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vide a buyer with the amount of supplies that are needed to meet
the buyer’s manufacturing input and later sales demand. We made
a series of explicit choices in the development of our market mechanism – again, to keep things fairly simple, so we could bring out
the intuition of our ﬁndings – with only one winning supplier,
and the winning supplier supplying only a unit of the supply that
is required.
In terms of future work, this model can be extended in a number of different ways to bring it more in line with the problems in
e-procurement practice that we have not considered. First, we now
assume only two values for the supplier’s effort, high and low effort, to yield satisfaction for the buyer. A meaningful extension is
to consider supplier effort as a continuous variable, which may
give rise to somewhat different conclusions regarding the various
choice variables for e-procurement mechanism design. Second, recall that our model included a parameter to represent the common
knowledge that the buyer and the suppliers have about the cost
associated with a supplier’s effort to produce an acceptable quality
product. In real-world supply chain operations, it may be the case
that this parameter will be a supplier’s private information. The result is that it will be harder for the buyer to gauge what the suppliers’ cost for producing supply of acceptable quality will be. As a
result, it may be necessary to incorporate a more sophisticated bonus mechanism that dissuades a supplier from engaging in adverse
selection when it wins the right to supply the product.
Third, as pointed out by the forward-looking works of Davenport and Kalagnanam (2002) and Rothkopf and Whinston (2007),
there will be many settings in which making mechanism design
choices involving auctions, bonuses, and price and quality negotiation, whereas we noted that our assumption that procurement occurs on a unit-by-unit basis is too constraining. It will be
interesting to further analyze combinatorial supply procurement
auctions, and extend them to include supplier effort bonuses and
a buyer’s option to include price and quality negotiation. Finally,
there is analytical complexity associated with the assessment of
the mechanism design choices for e-procurement that we have explored. It will be appropriate to further extend our present efforts
with new decision support system capabilities that will permit
managers to leverage automated assistance that will produce the
right kinds of information.
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Appendix A. Current commercial automated e-procurement
systems
To encourage the reader to explore the current state of commercial implementations of automated e-procurement systems, we
suggest the following: (1) Avotus (http://www.avotus.com); (2)
iSOCO’s iQuote (http://www.isoco.com); (3) Hedgehog (http://
www.hedgehog.com); and (4) CombineNet (http://combinenet.com).
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(1) Avotus (http://www.avotus.com)
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(2) iSOCO’s iQuote (http://www.isoco.com)
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(3) Hedgehog (http://www.hedgehog.com)
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(4) CombineNet (http://combinenet.com)

667

668

H. Huang et al. / Electronic Commerce Research and Applications 10 (2011) 650–672

Appendix B. Notation and deﬁnitions

Notation

Deﬁnition

Comments

a, a

Buyer’s subjective preference for low or high supply
quality; ﬁxed component of value for the buyer’s supply
procurement transaction
Cost for supplier i to offer the required quality level of
the product to the buyer; 1 and 2 represent the lowest
and second lowest bi
Payment buyer offered to winning supplier when his
effort to supply a quality product enables the buyer to be
satisﬁed; optimal bonuses (1 and 2) offered by the buyer
when it selects the ﬁxed-quality mechanism or
negotiable-quality mechanism, and different
optimization solutions are used
Supplier’s cost of effort to achieve the buyer’s
satisfaction for required product quality level
Buyer’s private information about the quality of the
supply goods that the buyer wishes to acquire, and that
the supplier does not know before the auction occurs
Winning supplier’s effort to achieve satisfaction required
by buyer; high or low effort levels made by supplier
Discount factors for buyer b and suppliers s based on
time spent negotiating in each round
Number of negotiation rounds
Number of suppliers in the e-procurement system

a, as ﬁxed component of value in procurement

bi , b1, b2

Bonus;
Bonusð1Þ ,
Bonusð2Þ

Cost
d

Effort; EffortH,
EffortL
cb, cs
m
n
PriceA, PriceN

Prob; ProbH,
ProbL
Proﬁtb, Proﬁts;
Proﬁtb,A,
Proﬁts,A;
Proﬁtb,N,
Proﬁts,N

Quality,
Quality0;
QualityMax,
QualityMin
Quality
rb, rs

Satisfaction

Surplus (Quality,
Effort)
TotalCost (Effort,
Quality)
t
h
Value

Auction price that the buyer pays to winning supplier for
a given level of product quality, optimal transaction
price after negotiation
Probability; probabilities when supplier exerts high or
low effort to meet the buyer’s expectation of quality
Proﬁt for buyer and winning supplier with consideration
of an effort bonus and whether there is negotiation;
proﬁt for the buyer or supplier based on the auction
mechanism A, without considering the effort bonus; and
proﬁt for the buyer/supplier based on the use of postauction quality and price negotiation, also without
considering latter effort bonus
The observable quality of the product that supplier
supplies to buyer; initial product Quality0 is that which
the buyer requires to be delivered; maximum and
minimum quality levels for product supplied; optimal
quality of product supplied after negotiation
Discount rates of buyer b and supplier s on value for the
overall time that they spend in negotiation of quality
and price for the supply procured
Indicates that buyer’s demand for sufﬁciently high
unobservable quality of a product or service has been
met; buyer still may achieve value from other sources
than observable quality
Supply chain surplus for quality and effort
Total supplier cost after revenues (or value) earned
based on a level of effort and some level of product
quality
Duration of time for negotiation between buyer and
winning supplier
Impact of effort on product production cost by the
suppliers
The value added or monetary equivalent for the buyer’s
Satisfaction with supply procured from the supplier

transactions, will be common knowledge to the buyer
and supplier
Supplier’s private information until it makes a bid

We distinguish between outcomes for procurement that
occur before and after buyer pays the bonus to supplier

This acts like a cost of discovering private information
Similarly, the supplier also needs to discover what the
quality that the buyer wishes to purchases
Effort is a critical parameter which determines the
winning suppliers quality effort bonus
Buyers and suppliers derive less and less beneﬁt from
more time spent in negotiation
We analyze transactions with one round of negotiation
Although there are n suppliers in our modeling setup,
there is only one buyer
The payment that a buyer must give to a supplier to
complete a procurement transaction
In the [0, 1] interval
These different representations of proﬁt are necessary
for the analyses that we conduct of proﬁt for the buyer
and supplier, based on the different mechanisms that are
selected

Product quality is continuous in our model

Represents discount on value for total time spent in
negotiation, while c is the discount on value for one
round
Satisfaction is independent of the value or utility
associated with observable quality via Quality, Quality0,
and Quality
The reader can think of this as supply chain social
welfare
The supplier’s total cost includes the cost of effort to
achieve the buyer’s satisfaction, and the related costs
involved in ﬁguring out what level of quality to produce
Generally, a shorter duration of negotiation is preferred
Suppliers have different capacity to leverage their effort
to achieve the buyer’s satisfaction
Our model expresses this in monetary value terms so
that it is possible to apply costs to determine proﬁt for
the buyer
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Appendix C. Proofs of theorems and lemmas
This appendix has two parts. In the ﬁrst part, we include complete proofs for Theorems 1–3 and 5, and Lemmas 2 and 3. In the
second part, we state two additional theorems, Theorems C1 and
C2, and a related lemma, Lemma C1. We also omit the proofs for
Theorem 4 and Lemma 1 for the reasons noted in the main text
of the article.

auction Bonusð1Þ . We assume that the supplier will choose a high
level of effort, based on the usual assumption in the contract theory literature. Then the probability for the buyer to be satisﬁed is
ProbH, and we have
2

Profitb ðQuality0 ; PriceA ; Bonusð1Þ Þ ¼ a þ d  Quality0  b2  Quality0
þ ProbH ðValue  Bonusð1Þ Þ:
h

C.1. Proofs of Theorems 1–3 and 5, and Lemmas 2 and 3

Proof of Theorem 1 (Unique Equilibrium for Price and Quality after
Negotiation). When the auction concludes, the buyer will know the
winning supplier’s private information about the cost it takes to
produce the criterion level of quality for supply b1 from the
truthful bid made by the supplier. Based on Rubinstein’s (1982)
bargaining game results, the negotiation will reach a Nash equilibrium, wherein the buyer and the supplier each will get some
portion of the total surplus from the supply chain for the
transaction. The buyer and supplier share common interests to
maximize proﬁt by identifying an optimal level of supply quality.
Therefore, the buyer will propose that Quality = d/2b1. Based on
the supplier’s understanding of the unique Nash equilibrium that
can arise, the supplier will accept the offer on the optimal quality
of the supply that is demanded. At this level of supply quality, the
surplus is given by a + d2/(4b1).We computed the buyer and
supplier fractions of supply chain surplus based on Lemma 1.
When there is only one round of negotiation, the supplier will
understand that Quality is the optimal supply quality in a unique
Nash equilibrium, so the supplier will agree to accept it immediately. According to Lemma 1, the buyer’s proﬁt will be (1  cs)/
(1  cb  cs) of the social surplus and the supplier’s proﬁt will be
(cs  cb  cs)/(1  cb  cs) of the social surplus. For the Price the
buyer pays to the winning supplier in the negotiation stage, the


1cs
d2
d2
optimal PriceN must satisfy 1
c c a þ 4b ¼ a þ 2b  Price. Solving
1

b s

1

this equation for the optimal value of PriceN, we have


d2
d2
s cb cs
PriceN ¼ c1
c c a þ 4b þ 4b . h
b s

1

1

Proof of Lemma 2 (Winning Supplier Effort and Invariant
Proﬁt). When the buyer chooses the ﬁxed-quality mechanism with
a post-auction Bonusð1Þ , Quality0 must satisfy the following
inequality:
2

2
Quality0

2

2

¼ ðb2  b1 Þ  Quality0 þ

h

must hold. If

the winning supplier chooses to make a high level of effort, the
associated proﬁt will be:
Profits ðQuality0 ; Effort H ; Bonusð2Þ Þ
2

2

¼ ðb2  b1 Þ  Quality0  h  EffortH þ ProbH


h

2
EffortL

2

 ðb2  b1 Þ  Quality0
ProbL

2

2

¼ ðb2  b1 Þ  Quality0 þ

2

2

h  ðProbH  Effort L  ProbL  Effort H Þ  ProbH ðb2  b1 Þ  Quality0
ProbL
2

From the above inequality related to Quality0 , we know that
Profits ðQuality0 ; EffortH ; Bonusð2Þ Þ > 0. So if the winning supplier
makes a low effort, the associated level of proﬁt will be given by

Profits ðQuality0 ; EffortL ; Bonusð2Þ Þ
2

2

¼ ðb2  b1 Þ  Quality0  h  EffortL
2

þ ProbL 

2

h  EffortL  ðb2  b1 Þ  Quality0
¼ 0:
ProbL

For the supplier, Profit s ðQuality0 ; EffortH ; Bonusð2Þ Þ > Profit s ðQuality0 ;
EffortL ; Bonusð2Þ Þ, so that making a higher level of effort will result
in achieving a higher level of proﬁt than making a low effort. So
the winning supplier will have an incentive to make more effort
to satisfy the buyer with the product quality it produces. h
Proof of Theorem 3 (Buyer’s Proﬁt from the Fixed-Quality Mechanism with a Post-Auction Effort Bonus, Solution 2). If the buyer
selects the ﬁxed-quality mechanism with post-auction Bonusð2Þ ,
then according to Lemma 3 the winning supplier will choose to
make a high effort. Then the probability for the buyer to be satisﬁed will be ProbH, and the resulting proﬁt for the buyer will be

þ ProbH ðValue  Bonusð2Þ Þ:

Profits ðQuality0 ; EffortH ; Bonusð1Þ Þ
2

hðProbH Effort2L ProbL Effort2H Þ
ðProbH ProbL Þðb2 b1 Þ

2

So, if the supplier makes a high effort EffortH, the associated proﬁt
will be

2

2

the strict inequality Quality0 <

Profitb ðQuality0 ; PriceA ; Bonusð2Þ Þ ¼ a þ d  Quality0  b2  Quality0

2

h  ðProbH  EffortL  ProbL  EffortH Þ
P
:
ðProbH  ProbL Þ  ðb2  b1 Þ

¼ ðb2  b1 Þ  Quality0  h  EffortH þ ProbH 

Proof of Lemma 3 (Supplier’s Proﬁt from the Fixed-Quality Mechanism with a Post-Auction Bonus, Solution 2). When the buyer
chooses the ﬁxed-quality mechanism with post-auction Bonusð2Þ ,

2
ðEffortH

2
Effort L Þ


ProbH  ProbL
2

h  ðProbL  EffortH  ProbH  EffortL Þ
:
ProbH  ProbL

In addition, the expression Profits ðQuality0 ; EffortL ; Bonusð1Þ Þ P 0 will
hold. If the supplier makes a low effort, the supplier will achieve the
same proﬁt level as if a high level of effort were made. h

h
Proof of Theorem 5 (The Social Welfare and Mechanism Choice
Theorem). As Bonus is the transaction between the buyer and the
winning supplier, so no matter which kinds of Bonus the buyer
offers, the social surplus for the ﬁxed-quality mechanism will be
given by

SurplusðQuality0 ; EffortH Þ ¼ a þ d  Quality0 þ ProbH  Value
2

2

 b1  Quality0  h  Effort H :
The social surplus for the negotiable-quality mechanism will be




SurplusðQuality ; EffortH Þ ¼ a þ d  Quality þ ProbH  Value
Proof of Theorem 2 (Buyer’s Proﬁt from the Fixed-Quality Mechanism with a Post-Auction Bonus, Solution 1). From Lemma 2, there
will be no difference if the supplier chooses high or low effort
when the buyer selects the ﬁxed-quality mechanism with post-

2

2

 b1  Quality  h  EffortH :
The difference of these two equations yields the following chain of
equalities, and the value is non-positive:
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SurplusðQuality0 ; EffortH Þ  SurplusðQuality ; Effort H Þ


¼ dðQuality0  Quality Þ 

2
b1 ðQuality0

Theorem C2 (Buyer’s Proﬁt from the Negotiable-Quality Mechanism
with Post-Negotiation Bonus, Solution 2). If the buyer chooses the
negotiable-quality mechanism with post-auction negotiation and
Bonusð2Þ , the buyer’s proﬁt is given by the following expression:

2

 Quality Þ





¼ ðQuality0  Quality Þ  ½d  b1 ðQuality0 þ Quality Þ


d


¼ b1  ðQuality0  Quality Þ 
 Quality0  Quality
b1




Profitb ðQuality


¼ b1  ðQuality0  Quality Þ  ð2  Quality  Quality0  Quality Þ

C.2. Presentation of two additional theorems and one lemma
Theorem C1, which describes the buyer’s proﬁt when a negotiable-quality mechanism with a post-negotiation supplier bonus is
selected, and the ﬁrst of two solutions to the optimization problem
is used, is as follows:
Theorem C1 (Buyer’s Proﬁt from the Negotiable-Quality Mechanism
with a Post-Negotiation Bonus, Solution 1). If the buyer chooses the
negotiable-quality mechanism with post-auction negotiation and
Bonusð1Þ for supply effort, the supplier will respond with high effort.
The buyers proﬁt is:


Profitb ðQuality ; PriceN ; Bonusð1Þ Þ
¼ Profitb;N þ ProbðSatisfactionjEffortH Þ  ðValue  Bonusð1Þ Þ
!
1  cs
d2
þ ProbH ðValue  Bonusð1Þ Þ
¼
aþ
1  cb cs
4b1


b s

2



a þ 4bd 1 is the buyer’s revenue from negotiation

with the supply effort bonus. (The proof is omitted, since its logic is
analogous to the proof of Theorem 2.)
We next discuss Lemma C1. If the second solution holds, then
the optimal bonus will be given by
2

Bonusð2Þ ¼

h  EffortL  PriceN þ b1  Quality
ProbL
2

P

2

2

h  ðEffortH  EffortL Þ
;
ProbH  ProbL

which can be rewritten as

!

2
2
cs  cb cs
d2
h  ðProbH  EffortL  ProbL  Effort H Þ
<
aþ
:
ProbH  ProbL
1  cb cs
4b1

Using the same kind of analysis that we demonstrated earlier
leads to:
Lemma C1 (Supplier’s Proﬁt from the Negotiable-Quality Mechanism
with a Post-Negotiation Bonus, Solution 2). If the buyer chooses the
negotiable-quality mechanism with post-auction negotiation and
Bonusð2Þ , the supplier will respond with high effort and his proﬁt will
be


Profits ðQuality ; EffortH ; Bonusð2Þ Þ
!

cs  cb cs
d2
ProbH
1
aþ
¼
1  cb cs
4b1
ProbL
2

þ

1  cs
d2
¼
aþ
1  cb cs
4b1

!

Again, we omit the proof because the logic is similar to what we
did to prove Theorem 3.

This completes the proof. h

1cs
Here Profit b;N ¼ 1
c c

; PriceN ; Bonusð2Þ Þ

þ ProbH ðValue  Bonusð2Þ Þ:



¼ b1  ðQuality0  Quality Þ2



2

h  ðProbH  Effort L  ProbL  EffortH Þ
P0
ProbL

Now we will present Theorem C2, which describes the buyer’s
proﬁt when a negotiable-quality mechanism with a post-negotiation supplier bonus is selected, and the second of two solutions
to the optimization problem is used:
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