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Abstract. Motivated by challenges facing IT procurement, this paper studies a hybrid pro-
curement model in which a reverse auction of a fixed-price IT outsourcing contract may be
followed by renegotiation to extend the contract’s scope. In this model, the buyer balances
the needs to incentivize noncontractible vendor investment and to curb the winning ven-
dor’s information rent by choosing the initial project scope and the buyer’s investment in
the quality of the project. We find that a buyer may benefit from inducing ex post renegoti-
ation to motivate vendor investment, especially when the winning vendor has high
bargaining power and the quality uncertainty is low. Broadening the initial scope reduces
information rent but leaves little room for ex post renegotiation and, hence, discourages
vendor investment, whereas increasing the buyer’s investment has opposite effects. Inter-
estingly, the two measures can be strategic substitutes or complements depending on the
likelihood of the renegotiation and the two parties’ bargaining powers. The buyer may
strategically set a low initial project scope and high investment to incentivize renegotiation
and vendor investment, which may explain why many IT outsourcing projects start small
and allow expansions. Our findings also generate several testable predictions for IT

outsourcing.
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1. Introduction

Organizations often use external providers for a wide
range of IT services, such as application and software
development, technical support, infrastructure, sys-
tem migration (e.g., to cloud computing), and process
automation. Surveys report that 31% of IT services
were outsourced in 2016 (Deloitte 2016). The global IT
outsourcing (ITO) market was valued at USD 520.74
billion in 2019 with an estimated compound annual
growth rate of 7.7% from 2020 to 2027 (Grand View
Research 2020). A cost-effective way of procuring IT
services is through competitive tendering, also known
as reverse auctions, in which the buyer invites multi-
ple prequalified vendors (sellers) to bid for a fixed-
price service contract and awards the contract to the
bidder with the lowest price.’ Compared with
negotiation-based outsourcing, reverse auctions can
result in significant cost savings, improved speed, ac-
cess to a larger pool of vendors, and increased trans-
parency (e.g., Reece 2004, Mishra and Bureau 2012,
Wilson 2016). Reverse auctions are used in almost all
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Fortune 1000 companies (Wyld 2011) and are especial-
ly popular in the public sector (e.g., Bajari et al. 2008,
Wyld 2011) and among young procurement professio-
nals (Bowman 2019).

Despite the aforementioned strengths, reverse auc-
tions may be inadequate for dealing with a few chal-
lenges in IT outsourcing. The first challenge is quality
uncertainties associated with IT outsourcing, which
may result from unexpected technical difficulties,
changing demand and expectations, and changing
regulatory requirements, such as new data privacy
laws (Susarla 2012, Bhattacharya et al. 2014). With
such uncertainties, it is nearly impossible to specify all
contingencies for the IT outsourcing contract. Conse-
quently, IT outsourcing contracts are often incomplete.
Furthermore, buyers may lack knowledge about ven-
dor expertise at the beginning. This information asym-
metry problem could result in suboptimal contracts.
With incomplete and suboptimal contracts, organi-
zations often find it necessary to renegotiate the
terms of the contract (e.g., changing requirements,
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adding/removing requirements, and even terminating
the contract) ex post. For instance, Korea Exchange and
IBM extended the scope of a system maintenance service
contract after IBM’s excellent service delivery (IBM
2009). A Gartner survey of 200 executives of midsize and
large companies reported that 55% of IT infrastructure
outsourcing contracts had been renegotiated (Pinsent
Masons 2005). Moreover, there are reports of IT out-
sourcing projects starting small and gradually extending
into full operational systems (Hertzum et al. 2012).

Another challenge lies in the “hold up” problems
in IT outsourcing—that is, a vendor can make a non-
contractible investment that benefits the buyer, but
once such an investment is made, the buyer can
hold up the value of the vendor investment. Specifi-
cally, IT outsourcing usually requires the vendor to
invest in quality improvements (e.g., technology
R&D and security enhancements), which are often
noncontractible because they are nonverifiable by a
third party (Snir and Hitt 2004, Bhattacharya et al.
2014). For example, General Services Administra-
tion “encourages” vendors to incorporate upgrades
and innovations when procuring its next-generation
telecommunication services (Miller 2017). Reverse
auctions with a fixed-price contract provide strong
incentives for vendor investments in cost reduction
(e.g., Bajari and Tadelis 2001), but not for noncon-
tractible quality improvements. Consequently, re-
verse auctions may be inadequate for ensuring the
quality of IT outsourcing.

The aforementioned challenges suggest the im-
portance of combining reverse auctions and renego-
tiations. Renegotiation following a reverse auction
(henceforth, ex post renegotiation) can complement
the reverse auction in two ways: first, the ex post re-
negotiation lets the two parties adjust the contract
to leverage new information about the vendor and
the project. Second, renegotiations may be useful for
motivating the vendor’s noncontractible investment
in project quality because, with renegotiations, ven-
dors can capture a share of the surplus generated by
their investment. Reverse auctions with renegotia-
tion make the most sense in a two-phased IT out-
sourcing project, in which the first phase is a reverse
auction and the second phase is a renegotiation that
expands the scope of the project. Such two-phased
implementations seem popular: a survey of large
Australian and United Kingdom organizations
shows that 81% and 87%, respectively, of respond-
ents award pilot contracts for information system
implementation before full-scale implementation
(Hertzum et al. 2012).

Although renegotiation frequently occurs after IT
outsourcing auctions (e.g., Snir and Hitt 2004, Deloitte
2013, Kujala et al. 2015), the literature is absent on the
joint use of reverse auction and ex post negotiation.

Many interesting issues arise in such a context, includ-
ing the following:

e How would vendors behave in reverse auctions in
anticipation of likely ex post renegotiation?

e Can reverse auctions with renegotiation alleviate
the information asymmetry and hold-up problems in
IT outsourcing?

e When and how should buyers induce (or suppress)
ex post renegotiation after an IT outsourcing auction?

This research addresses the aforementioned questions
by examining a two-phased IT outsourcing project: in
the first phase, a buyer awards a fixed-price IT outsourc-
ing contract to a winning bidder via a reverse auction;
the winner makes a noncontractible investment in
quality enhancements (henceforth vendor investment) and
fulfills the contract; in the second phase, after observing
the first-phase quality outcomes, the two parties can re-
negotiate the contract to extend the project’s scope.” We
capture three important features of IT outsourcing in our
model: the two parties can learn new information about
the project implementation quality after the initial phase,
the buyer does not know vendors’ true expertise ex ante
(“information asymmetry”), and the vendor investment
is noncontractible (the hold-up problem). We use this
model to analyze vendors’ bidding and investment deci-
sions and the buyer’s decisions.

We focus on two kinds of buyer decisions. First, the
buyer can choose the scope of the initial contract for
auctioning (i.e., initial scope). Second, the buyer can
choose the up-front investment (e.g., developing
detailed project requirements and securing more fi-
nancial and managerial resources for the project) that
affects vendors’ productivity and, thus, their bidding
and investment behaviors in IT outsourcing.

Overall, we find that a vendor may face three
renegotiation cases: never, always, or opportunistically rene-
gotiate (that is, renegotiate only when the implementation
quality in the first phase is favorable). The winning ven-
dor has incentives to make an up-front quality investment
only when a renegotiation is possible, and the investment
incentive and information rent increase if renegotiation is
more likely to happen. Broadening the initial scope
undermines vendor investment and also curtails vendor’s
information rent although increasing buyer investment
has the opposite effects. Interestingly, the two measures
may be either strategic substitutes or complements for the
buyer, depending on the renegotiation scenarios and the
vendor’s bargaining power in the renegotiation. The buy-
er strategically chooses the initial project scope and the
upfront investment to balance the gains from the initial
contract (for which the two measures are complements)
and the renegotiation one (for which the two measures
are substitutes). The buyer optimally induces more rene-
gotiation as the quality uncertainty decreases and the
vendor’s bargaining power increases. In the extended
analyses, we show that the main results hold



Downloaded from informs.org by [172.56.10.6] on 08 March 2024, at 22:23 . For personal use only, all rights reserved.

Huang et al.: Auctioning IT Contracts with Renegotiable Scope
Management Science, 2022, vol. 68, no. 8, pp. 6003—-6023, © 2021 INFORMS

6005

qualitatively when we allow for an optimal reserve
price, costly learning of project quality, and buyer in-
vestments in cost reduction.

Our research contributes to the IT outsourcing and
procurement auction literature in two ways. First, we ad-
vance the understanding of the buyer and vendors’ stra-
tegic considerations in real-world procurement auctions
that are often renegotiated. Our hybrid procurement
model, motivated by observations from IT outsourcing,
captures both information asymmetry and moral hazard
problems. In contrast, prior literature on reverse auctions
with renegotiation has only dealt with information asym-
metry issues. In our hybrid procurement model, renego-
tiation is not a passive coping mechanism but a strategic
tool, used in conjunction with the reverse auction, for
dealing with moral hazard problems. Second, we pro-
vide new insights on how organizations should use the
initial project scope and buyer up-front investment as
strategic levers in a hybrid IT outsourcing environment.
The extant literature has not provided insights on such
issues. For example, it is not yet clear why some organi-
zations start with a small pilot project before scaling it up
(e.g., Fenton 2016) and others start big (e.g., European
Services Strategy Unit 2017). Although prior research ex-
amines the buyer’s investment decision (e.g., Roels et al.
2010, Lee et al. 2013), it is unclear what roles it plays in
the hybrid procurement mechanism or how it should be
coordinated with the initial scope.

Though the procurement literature has long recog-
nized the prevalence of ex post renegotiation in con-
texts such as the construction industry, it characterizes
renegotiation as a passive and costly adaptation mech-
anism (Gil and Oudot 2009, Bajari et al. 2014, Miller
2014, Jung 2016) and focuses on strategies of avoiding
such renegotiation (e.g., Herweg and Schmidt 2020).
Only a handful of papers recognize the strategic value
of ex post renegotiation. Herweg and Schwarz (2018)
suggest that renegotiation and resulting cost overruns
in the construction industry can be optimal for the
buyer. Agrawal and Oraiopoulos (2020) find that rene-
gotiation can be a powerful way of aligning the inter-
ests of the firms and, therefore, maximizing the value
from a codevelopment initiative. Still, there is very
limited research on how to set up the reverse auction
in anticipation of ex post renegotiation, especially in a
complex IT outsourcing environment with both infor-
mation asymmetry and moral hazard problems.

The remainder of the paper is organized as follows:
we next review the related literature, followed by the
research model. We then analyze the model and its ex-
tensions. The last section concludes the paper.

2. Relation to Existing Literature

There is a large body of research on ITO. Several com-
prehensive reviews (e.g., Lacity et al. 2009, Liang et al.
2016) summarize this body of research. Most ITO

studies are empirical work with very different foci
from this paper. They, however, lay a foundation for
this research. For example, existing research shows
that contracting for IT services is inevitably incom-
plete (e.g., Susarla et al. 2010) because it typically in-
volves unforeseen contingencies (e.g., Aubert et al.
2004), noncontractible investments and behaviors
(e.g., Susarla 2012), and immeasurable performance
(e.g., Fitoussi and Gurbaxani 2012). These studies in-
form our choice of model elements. In the following,
we focus on existing work on procurement design for
ITO and other related contexts with an emphasis on
analytical modeling papers.

This research is generally related to the literature on
vendor selection problems in ITO. Nam et al. (1995)
and Chaudhury et al. (1995) study the winner-
determination problem in ITO auctions when bidders
have asymmetric cost structures. Tunca and Zenios
(2006) study the choice between auctions and relation-
al contracts when the suppliers’ quality is nonverifi-
able. Cao and Wang (2007) study a two-stage vendor
selection model, in which the buyer sponsors multiple
vendors in the first stage and picks the best for the sec-
ond stage of the project. Their focus is on how to allo-
cate the buyer’s budget between the first and second
stages. Unlike this research, these papers do not study
how to motivate noncontractible vendor investments
after vendor selection.

Our paper is also related to the economics literature
on the hold-up problem; the risk of the buyer holding
up the vendor’s noncontractible investment can un-
dermine the vendor’s incentives to invest (Che and
Sékovics 2008). Tirole (1986) shows that a vendor gen-
erally underinvests in a two-period procurement
model in which the vendor invests in the first period
and the vendor and the buyer acquire private infor-
mation about their cost and valuation, respectively,
before entering a renegotiation. This stream is devoted
to alleviating the hold-up problem using strategies
such as vertical integration (Williamson 1979), shifting
property rights (Grossman and Hart 1986), and allo-
cating control rights (Aghion and Bolton 1992). Our
model is most similar to the property-right approach
in that the buyer can use the buyer’s decisions to alter
the renegotiation surplus claimed by the winning
vendor.

Bhattacharya et al. (2014) also study the hold-up
problem in IT outsourcing. They show that gain-share
contracts are superior to commonly observed cost-
plus contracts. Benaroch et al. (2010) propose a real-
option approach for determining when a buyer
should include flexible contract terms for ex post rene-
gotiation. Most recently, Agrawal and Oraiopoulos
(2020) study a hold-up problem in codevelopment
initiatives in which two parties can both make a non-
contractible effort to affect future outcomes and can
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renegotiate after observing the market potential. They
adopt a decision-right approach to alleviate the hold-
up problem: one party may choose a menu of con-
tracts ex ante, whereas the other may choose a specific
contract ex post. Different from these hold-up papers,
we study the hold-up problem jointly with a vendor-
selection problem. As a result, there is a trade-off be-
tween alleviating the hold-up problem and extracting
information rent. Our version of the hold-up problem
is most similar to that of Agrawal and Oraiopoulos
(2020) though their setting (of product codevelop-
ment) and mitigation strategy are quite different from
ours.

The issues of contract incompleteness and associat-
ed renegotiation are also investigated in other indus-
tries, such as building construction (e.g., Bajari and
Tadelis 2001, Bajari et al. 2008) and weapons systems
(e.g., Tirole 1986, Riordan and Sappington 1989). A
few studies compare the effectiveness of different con-
tract/procurement formats when ex post renegotia-
tions are required. Bajari and Tadelis (2001) model ex
post renegotiations in the construction industry as a
result of an inadequate initial design. They show that
cost-plus contracts, which permit two parties to reach
efficient ex post designs but provide little incentives
for cost-reduction efforts, are preferred to fixed-price
contracts when a project is more complex. Herweg
and Schmidt (2017) compare price-only auctions and
negotiations in a context in which potential suppliers
hold private information about possible design im-
provements. They show that negotiations are superior
to auctions if design improvements are important, re-
negotiation is very costly, and the buyer’s bargaining
position is strong. A host of empirical studies examine
the implications of auctioning incomplete contracts
and associated renegotiation: Bajari et al. (2008) find
that reverse auctions perform poorly when the project
is complex and the initial contract is incomplete but
may still outperform negotiations if there are many
potential bidders. Miller (2014) finds that, relative to
in-house projects, renegotiation significantly increases
costs, distorts bidding strategies, and causes welfare
losses. Bajari et al. (2014) show that bidders respond
strategically to contractual incompleteness and incor-
porate adaptation costs into their bids. Our research
departs from the aforementioned studies of renegotia-
tion in that we study a more proactive approach of
managing renegotiation: anticipating the likely rene-
gotiation, the buyer can choose a smaller scope con-
tract for auctioning and renegotiate additional scope
as needed. Moreover, noncontractible vendor invest-
ments in quality improvements play a key role in our
setting but are absent from the aforementioned stud-
ies. Interestingly, although a majority of empirical pa-
pers in the construction context paint a negative role
of ex post renegotiation, Susarla (2012) demonstrates a

positive role of renegotiation in ITO contexts: when
the procurement contract includes delineations of de-
cision rights for ex post contingencies, renegotiation
can lead to Pareto improvements.

Our study belongs to a small literature that exam-
ines design issues in auction-renegotiation hybrid
models. Herweg and Schwarz (2018) study whether a
buyer should announce a standard or a fancier design
in the initial auction for a construction project in antic-
ipation of possible renegotiation to the ex post effi-
cient design. They show that the buyer may prefer a
simpler design plus renegotiation for its ability to
compress vendors” information rent. Unlike their pa-
per, we consider both rent-extraction and hold-up
problems in our setting. Herweg and Schmidt (2020)
focus on excessive renegotiation caused by vendors
concealing their private information about initial de-
sign flaws. They propose a direct mechanism based
on third-party arbitration that induces vendors to re-
port design flaws ahead of the reverse auction. They
focus on eliminating inefficient renegotiations without
considering hold-up problems. Moreover, they study
an efficient design, whereas we study a design that
maximizes the buyer’s expected surplus.

A few other studies also examine auction-
renegotiation procurement models but use auction
and/or renegotiation differently. Wang (2000) studies
a procurement auction model with renegotiation in
which the buyer can, immediately after the auction,
incur an expense to renegotiate with the winner to
learn about the vendor’s true cost. Huh and Park
(2010) study a model in which the buyer audits the
winner’s cost immediately after the auction and nego-
tiates with the winner to determine a final price. In
both papers, negotiation occurs immediately after the
auction as part of the cost discovery, whereas renego-
tiation in our paper occurs after the fulfillment of the
initial contract and may lead to a scope expansion.
Riordan and Sappington (1989) examine a two-stage
defense procurement model, in which the buyer first
uses an auction to choose a vendor to generate a de-
sign and then uses a direct mechanism to select a ven-
dor (which could be the designer) for production.
They focus on whether to invite additional vendors in
the production stage.

Snir and Hitt (2004) propose a two-stage vendor-
selection mechanism for IT outsourcing that tackles
both vendor selection and hold-up problems. The
buyer uses a screening contract to select a vendor in a
pilot stage and awards a full-implementation contract
only if the pilot project exceeds a minimum quality
threshold. Their model differs from ours on the mech-
anisms used: we use an auction instead of a screening
contract in the first phase and renegotiation instead
of a predetermined threshold in the second stage.
Moreover, the two phases in their model are
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exogenous, whereas our first phase has an endoge-
nous scope.

3. Model

A buyer would like to outsource an IT project to one
of n (n> 2) prequalified vendors through a reverse
auction. Such an IT project can be application/
software development, web development/hosting,
database development/management, and so on
(Bradford 2019). The procurement proceeds in two
phases. Phase 1 is the auction phase in which the buyer
conducts a reverse auction to select a vendor for
carrying out the IT outsourcing project with a prean-
nounced initial scope s;. Then, the winner of the auc-
tion implements the initial scope s;. Phase 2 is the
renegotiation phase, in which the two parties can rene-
gotiate the initial contract to expand the project’s
scope to s =s; +s5. If the renegotiation succeeds, the
vendor implements the additional scope s.

The value of the project to the buyer is a function of
both scope and quality of deliverables. Specifically,
denoting g; and g, as the quality of deliverables in
phases 1 and 2, respectively, we assume

Project value; = s; X g4, t € {1,2}. (1)

The project’s scope s; captures the number and sub-
stance of the required deliverables. For example, an
enterprise resource planning (ERP) implementation
project with more modules and requirements per
module has a larger scope. The implementation quali-
ty g, captures the degree to which the deliverables
meet the buyer’s demand (Sundqvist et al. 2014). A
higher-quality implementation generates more value
to the buyer for the same scope. For example, a
higher-quality ERP implementation means that, on
average, the modules and functionalities are better
built (e.g., more efficient, easier to use, and producing
higher quality reports). We assume that the quality
levels g1 and g, are observable but nonverifiable. Simi-
liar assumptions have been made in several prior
studies (e.g., Tunca and Zenios 2006). The nonverifi-
ability of project quality arises because quality stand-
ards are often subjective and tacit.

We assume the quality of deliverables has both a sto-
chastic and a deterministic component. Its deterministic
component is a function of the two parties’ up-front in-
vestments in quality. Specifically, we assume

qi=qo+yx+0z+e, te€{l,2}, )

where o (40 > 0) is the baseline quality, x is the buyer’s
up-front investment in quality with y being the
buyer’s investment coefficient, z is the vendor’s
up-front investment in quality with 6 being the ven-
dor’s investment coefficient, and €; is the stochastic
component. The additive format of joint investments

is commonly used in the literature (see, e.g., Xiao and
Xu 2012, Li 2013, Agrawal and Oraiopoulos 2020).

In Equation (2), the baseline quality g, reflects the
default quality of this type of IT project and is deter-
mined by the type of project and the current technolo-
gy level. The buyer and the vendor can make up-front
investments (x and z, respectively) at the beginning of
the project to further improve its quality, and such in-
vestments can affect the entire project scope. Buyer
up-front investments x may include developing de-
tailed project requirements, securing more financial
and managerial resources for the project, and commit-
ting resources to manage changes. For example, in its
cloud-services procurement auction, the Federal
Aviation Administration (2015) announced several
investments it would make, such as the provision of
telecommunications connectivity, computing infra-
structure, directory services, and migration support
tools. Such investments can benefit the entire project
by enabling high-quality deliverables. The vendor’s
up-front investments could include, for instance, ac-
quiring and training talents with relevant expertise,
developing detailed implementation plans, and
developing standards and interfaces for the buyer’s
specific needs.” Again, such vendor investments have
a project-wide impact. For example, application-
development vendors can appoint the most skillful
developers that affect the quality of all modules.

We assume the vendor investment z is observable
but nonverifiable (thus, noncontractible). It is observ-
able because the buyer can closely examine the ven-
dor’s deliverables. It is nonverifiable because there is
no verifiable measure of quality. The buyer investment
x is publicly announced and observable by vendors.

We interpret coefficients y and 0 as the buyer’s and
vendor’s expertise, respectively. Such expertise can be
developed from domain knowledge, technical know-
how, and past experiences from similar projects.
Higher expertise allows a buyer or vendor to achieve
a higher quality outcome with the same amount of
time or effort. We assume that the buyer’s expertise y
is public knowledge. In contrast, a vendor’s expertise
0 is the vendor’s private information (or “type”). The
vendors’ expertise {0;},_, is independently and identi-
cally distributed (i.i.d.) on the support [0,0] (0< 6 <
0) with a cumulative distribution function F(-) and a
probability density function f(-). The distribution is
common knowledge.

The stochastic component €; is a function of a
project-specific latent state €y and some random dis-
turbances. The latent state ¢, reflects the unknown
state of the world that affects the quality of deliver-
ables, such as the technological landscape, usage pat-
terns, and end-user expectations. The latent state ¢, is
time persistent but initially unknown to the buyer or
the vendors.
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The phase-1 and phase-2 quality states €; and e;
take values from {ep, €1} (€ > €r). Their values are af-
fected by environmental uncertainties such as uncer-
tainties in the technological landscape, usage patterns,
and end-user demands. To model the correlation be-
tween the two quality states, we assume that both are
manifestations of a latent quality state €y, which also
takes values from {ey, e }. With probability p, €(3,1]
(t€{1,2}), the phase-t quality state €, is the same as
the latent quality state €y, and with probability 1-p,,
it takes the opposite value. The latent quality state e
is drawn randomly from {ey,€r} at the beginning of
the project with probabilities A and 1 — A, respectively,
and a mean of zero. The buyer or vendors would not
know the project’s latent quality state e, but they can
observe the phase-1 quality state to update their belief
about the latent quality state, which, in turn, affects
their belief about phase-2 quality. We interpret p; as
the informativeness of the phase-t quality about the
latent quality state €,: the higher p; is, the more infor-
mative is the phase-t project quality. We assume that
p; and the distribution of €y are common knowledge.

For notational convenience, we denote

Pj =Pr {€1 = ej}/j € {H/L}/
P]|l = Pr {62 = 6]' | €1 = 6;‘}, l/] € {H/L}/

where P; is the probability of €, taking the value ¢;
and P, is the probability of €, taking the value ¢; con-
ditional on e€; taking the value €; Tt can be verified
that e; and €, are positively correlated in the sense
that the phase-2 quality state is more likely to be high
(low) if the phase-1 quality state is high (low). We fur-
ther denote

é=Ele] te{1,2},
éyi=Elex |1 =¢],i€{1,H,L}

as the expected quality state of phase ¢ and the condi-
tional expected quality state of phase 2, respectively.

The buyer chooses a vendor via a sealed-bid, sec-
ond-price reverse auction, in which every participat-
ing vendor submits a price and the one with the
lowest price wins and receives the next lowest price
as payment (Milgrom and Weber 1982, Krishna
2009).° The sealed-bid auction is commonly used in IT
project procurement though, as we show in the online
appendix (see Lemma Al), the revenue equivalence
principle holds, and our results are not sensitive to the
specific auction format used. We focus on a simple
(i.e., no reserve price) reverse auction though we dem-
onstrate in the extensions section that our main in-
sights can still hold when there is an optimal reserve
price.

The timeline of the game is as follows (see Figure 1).
In phase 1, the auction takes place. During this phase,
the buyer announces the initial scope s; and makes an

up-front investment x for a cost of $x?. Such a cost pat-
tern is commonly used in literature (e.g., Bhattacharya
et al. 2014, August et al. 2017).° After observing the
initial scope s; and the buyer’s up-front investment x,
vendors place their bids in the reverse auction. The
auction results in a winning bidder and a winning
price p.

After the auction, the winning bidder makes an
up-front investment z (z > 0) in quality improvements
for a cost of 1z2. Similar cost functions are used in pri-
or studies (e.g., Bhattacharya et al. 2014, August et al.
2017). The quadratic form captures the notion that im-
proving project quality is increasingly harder. We
note that, although the cost of quality investments is
the same for all vendors, the impact of such invest-
ments on quality is different for vendors of different
expertise (see Equation (2)).

The winning bidder then implements the initial
scope s; for a cost of cp(6) +3s7. The first component
cr(0) is a one-time fixed cost and a decreasing func-
tion of the vendor’s expertise 0 (i.e., c;(0) <0). The
second component 157, the quadratic cost of the scope,
captures the notion that, as the project gets larger, the
marginal cost of scope is higher as a result of the in-
creased complexity (Dogan et al. 2011). Overall, our
assumption of the implementation cost suggests that
vendors incur the same variable cost for increasing a
project’s scope but different fixed costs for initiating
the project. For example, a higher expertise vendor
has a lower fixed cost because the vendor has more
experience or expertise in designing a system architec-
ture or a technical solution.

After the vendor implements initial scope s;, the
buyer pays the vendor p;. By the end of this phase,
the buyer learns the winning vendor’s quality invest-
ment z, expertise 0, and the phase-1 quality g;. By our
assumption, the quality investment z and the phase-1
quality g, become observable after the project phase 1
is delivered (though they remain nonverifiable). The
buyer can infer the vendor’s expertise 0 from the ven-
dor’s bid because, as we will show the sealed-bid, sec-
ond-price reverse auction is truth telling.

At phase 2, the two parties may choose to renegoti-
ate the project scope based on the expected phase-2
quality. If the renegotiation succeeds, the two parties
determine an additional project scope s, and a pay-
ment p, for implementing it. Because the total cost of
scope is %(51 + sz)z, the cost of implementing the addi-
tional scope is 3(s1 + 52 Z_ 157 (there is no fixed cost in
phase 2). Under this cost function, the greater the
initial scope s, the higher the marginal cost of the ad-
ditional scope, reflecting the added complexity of co-
ordinating with a larger phase-1 project.

We denote u;, 15, and u as the winning vendor’s
phase-1, phase-2, and total expected surplus, respec-
tively. Similarly, we denote vy, v>, and v as the buyer’s
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Figure 1. Sequence of Events
Vendors bid Winner makes Winner Winner implements s,
on prices investment z implements s, (with quality ¢,)
v v v v » time
F'y 7y 7y 7y A /
Buyer announces Buyer selects Buyer  Quality ¢, Renegotiation for Buyer
initial scope s, and winning vendor paysp, observed  additional scope s, pays p,
makes investment x (with price p,) and payment p,
- J
h'd Y
Phase 1: Reverse auction Phase 2 (optional): Renegotiation
phase-1, phase-2, and total expected surplus, respec- $2=5"—s1, (8)
tively. We adopt the generalized Nash bargaining 1
' iati 7 ifi- p2 =5s2[(1+a)sy +2s1], )
solution (GNBS) for the renegotiation game.” Specifi 2
cally, a GNBS prescribes that the two parties choose 1,
(s2, p2) to maximize the following Nash product (e.g., §= Esz- (10)

Binmore et al. 1986, Herweg and Schmidt 2020):

a1-a
max U, v,

S2,P2 3)
s.t. $5>0,u,>0,0, >0.

The parameter « € [0, 1] captures the relative bargain-
ing power of the winning vendor. One can easily
verify that, in a GBNS, s, is chosen to maximize the re-
negotiation surplus S (e.g., Agrawal and Oraiopoulos
2020, Herweg and Schmidt 2020), defined as the sum
of the two parties’ phase-2 surpluses, that is,

S=1uy+0;. (4)

Meanwhile, p, is chosen to allocate the renegotiation
surplus according to their bargaining powers (i.e.,
up = aS and v; = (1 — a)S). Table 1 summarizes the no-
tation used in our model.

4. Analysis

4.1. Renegotiation

Applying backward induction, we first analyze the re-
negotiation decision at phase 2 given the realization of
phase-1 quality g;. The winning vendor’s phase-2 ex-
pected surplus u; is

1 1
Uy =P2—§(51 +Sz)2+55%- )

The buyer’s phase-2 expected surplus v; is
vy = Ee,[q252 | €1] = p2 = (qo + yx + 0z + éxp)s2 — po.
(6)

We define the ex post optimal scope as the project scope
that maximizes the expected renegotiation surplus
conditional on the phase-1 quality state €.

Lemma 1. At phase 2, the ex post optimal scope is given
by
s =qo+yx+0z+€y. (7)

The two parties renegotiate if and only if s* > s;. If the rene-
gotiation occurs, we have

Because the renegotiation decision may depend on
the phase-1 quality state, we define three possible re-
negotiation cases {N, O, A} that a winning vendor
may face. Here, “N” stands for the never-renegotiate
case in which there is no renegotiation regardless of
the phase-1 quality state; “A” stands for the always re-
negotiate case in which there is always renegotiation
regardless of the phase-1 quality state; finally, “O”
stands for the opportunistically renegotiate case in
which there is renegotiation only if the phase-1 quality
state is high (i.e. €1 = en).

4.2. Vendor’s Problem
4.2.1. Winning Vendor’s Up-front Investment. The
winning vendor makes an up-front investment after
winning the auction but before the phase-1 quality is
known. The vendor’s up-front investment directly
benefits the buyer but not the vendor. With renegotia-
tion, however, the vendor can indirectly benefit from
the up-front investment by capturing a share of the
phase-2 renegotiation surplus which increases with
the vendor’s up-front investment. Noting that the
winning vendor’s phase-1 surplus is
1 1
ur = p1—cr(0) - ES% - 522'
the winning vendor chooses up-front investment z to
maximize the total expected surplus:
1o 1,

u(z;0,p1) = Ee, [u1 + uz] = p1 — cp(6) - 351757

(11)

(i)
a N 2
+Eo {50+ yr—si+0z+ &)} (12)
(ii)
In Equation (12), the term (i) is the vendor’s phase-1

surplus and the term (ii) is the expected phase-2 sur-
plus, which is computed as the vendor’s expected
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Table 1. Summary of Notation

n Number of vendors

S Project scope in phase f € {1,2}

qr Realized quality in phase t € {1,2}

Jo Baseline quality

€ Stochastic component in the phase-t quality, t € {1,2}

€0 Latent state, €y € {ey,en}

A Probability of the high latent state ey = ey

o Standard deviation of €,

Pt Probability of €; = € in phase t € {1,2}

é; =Ele/], t €{1,2}, the expectation of ¢,

€y =Ele, |e1 =€), i€ {1,H,L}, the expectation of €, conditional on €; =¢;

Py =Pr{e; =¢j|e1 =¢;},i,j € {H,L}, the distribution of €, conditional on €; = ¢;
p; =Pr{e; =¢;},j € {H,L}, the distribution of €;

X Buyer’s up-front investment

y Buyer’s expertise (i.e., investment coefficient)

z Winning vendor’s up-front investment

0 Winning vendor’s expertise or “type” (i.e., investment coefficient), 0; € [0,0]
cr(0) Winning vendor’s fixed cost

F(), f() Cumulative distribution function and probability density function of type 6;

P Payment in phase t € {1,2}, where p; is the winning price of the auction

01,02, and v

Buyer’s phase-1, phase-2, and total expected surplus

Uy, o, and u Winning vendor’s phase-1, phase-2, and total expected surplus
S Joint surplus generated by renegotiation
a Winning vendor’s bargaining power

share of the renegotiation surplus as = a% (see
Lemma 1).

Although the vendor incurs a convex investment
cost of 1z% in phase 1 (the term (i), the vendor also en-
joys a convex return from the investment z in phase 2
(the term (ii)), so the vendor’s total expected surplus
may not be concave in z. The following assumption
ensures that the winning vendor’s total expected sur-
plus is always concave in the vendor’s investment z to
rule out infinite vendor investment.

Assumption 1. The highest vendor expertise and the
vendor bargaining power satisfy 1 — a8~ > 0.

This assumption effectively sets an upper bound for
the highest vendor expertise 8, and this upper bound is
lower when the vendor has higher bargaining power «.

Lemma 2. The winning vendor’s optimal up-front
investment is

0 (N)
2(0) =4 aBPy(qo + yx —s1 + Eyn)yo(0) (O), (13)
aB(go + yx — 51+ é2)ya(6) (A)

where yo(0) = (1 - a@ZPH)_l and ya(0) = (1 - 0:92)_1

(Yo < ya) are interpreted as the vendor’s investment effec-
tiveness under cases O and A, respectively, and conditions
(N), (O), and (A) are given by

(N) t]0+)/x—51 +é2|H€(—OO,0)
(O):  go+yx—s1+Eyy €0,(éxn —€a1)/y0(0))
(A): qo+yx—s1+Exy € |[(Exp —Ear)/vo(0), ).

Lemma 2 also implies that the winning vendor’s
up-front investment depends on whether the renegoti-
ation is expected to happen. Recall that the vendor’s
investment incentive comes solely from the vendor’s
share of renegotiation surplus. Therefore, in the case
of “never renegotiate” (condition N), the vendor does
not invest in quality improvements (i.e., z*(0) =0). In
contrast, in the case of “opportunistically renegotiate”
(condition O) or “always renegotiate” (condition A),
the winning vendor makes a positive investment.

Proposition 1. Under cases O and A, the winning ven-
dor’s optimal up-front investment z*(0) increases in the
buyer’s up-front investment x and the vendor’s bargaining
power o, and decreases in the initial scope s;.

Proposition 1 shows how the buyer’s up-front in-
vestment x and initial scope s; affect the vendor’s in-
vestment z*. Although both decisions work through
the renegotiation surplus, their effects are different. A
higher buyer investment x is associated with a higher
vendor investment because, as suggested by Lemma
1, a higher x increases the additional scope s,, which,
in turn, increases the renegotiation surplus and the
vendor’s incentive to invest. In contrast, a higher ini-
tial scope s; reduces the vendor’s investment because,
for the same ex post optimal scope, a higher initial
scope s; means a smaller additional scope and renego-
tiation surplus, thus a smaller incentive for the vendor
to invest in quality improvements. When the vendor’s
bargaining power « increases, the vendor receives a
larger share of the renegotiation surplus, which
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motivates the vendor to invest more. A higher « also
leads to increased efficiency because it makes the ven-
dor more of a residual claimant.

Substituting z* into Equation (12), we obtain the
winning vendor’s total expected surplus under opti-
mal investment, which is given by

u(0,p1) =u(z";0,p1) .
=p1—cp(0) - 55%

0 (N)
1 .
. EOCPH(QO +yx—s51+Ex) yo(6) 0)

%a[(qg +yx—s1+ éz)zy,q(e) + PHPL(é2|H - éz‘L)z] (A) (14)
4.2.2. Vendors’ Bidding Equilibrium. In the reverse
auction, all prequalified vendors can submit a bid an-
ticipating their costs. A winning bidder incurs a fixed
cost and the cost of implementing the initial scope but
also gains a share of renegotiation surplus at phase 2

as seen from Equation (14). We can rewrite Equation
(14) as u*(0,p1) = p1 — c(0), where

c(0) =cr(0)+ %S%
0 (N)

1 o
_ EOKPH(% +yx—s1+ €2|H)2yo(9) O)

1 . o N
EO([((]O +YX—51 +€2)2yA(6) + PHPL(ez\H - GZ‘L)z] (A)

(15)

Noting that c(0) decreases in the vendor’s type 6 and
{c(6;)}, are also i.i.d. we may view the reverse
auction as a standard reverse auction among 7 risk-
neutral bidders with {c(6;)}_; as their true costs. Ac-
cording to the auction theory (e.g., Krishna 2009), the
revenue equivalence principle holds in our model (see
Lemma Al in Online Appendix EC.1). Thus, it is with-
out loss of generality to restrict our attention to the
second-price, sealed-bid auction, in which vendor i
bids the vendor’s true cost c(0;) in equilibrium.

Lemma 3. In the reverse auction, vendors bid their true
costs {c(6;)}=;. The vendor with the highest expertise 6y
wins at price p1 = c(0(y)) with a total surplus of

(0, c(0) = c(6)) — c(O)).- (16)

We call the winning bidder’s surplus information rent.
Equation (16) shows that the winning bidder’s infor-
mation rent is the difference between the winning
bidder’s and the runner-up’s true costs. In general,
different vendors may face different renegotiation
cases upon winning; with a general type distribution

F(:), the buyer’s problem becomes intractable. To make
the problem tractable, we additionally assume a discrete
distribution of the vendor expertise over {0, Oy }: for all
ie{l,...,n}, 0; =0 with probability g € (0,1) and 6; =
Oy with probability 1 -3, where 0, < Oy. Then, given
the likely vendor-specific renegotiation cases N, O, and
A as described in Lemma 2, there could be four renegoti-
ation scenarios /', O, H, and A from the buyer’s perspec-
tive, in which NV (O, A) denotes the never-renegotiate
(opportunistically-renegotiate, always-renegotiate) sce-
nario in which both H- and L-type winning vendors
face the case N (O, A), and H denotes the hybrid sce-
nario in which the H-type winning vendor always
renegotiates (A) and the L-type renegotiates oppor-
tunistically (O). The conditions for these renegotia-
tion scenarios are summarized as follows:

(./\/) D dotyx—s51 +€A2‘H € (—O0,0)
(0): qo+yx—s1+éyy €[0,Qu), where Qu = (Exn

- éZ\L)/]/O(GH)
(H): qo+yx—si+éyy €[Qu,Qr), where Qr = (€2
- éz\L)/yO(GL)
(A): qo+yx—s1+€yy €[QL, ).

By Equations (15) and (16), the expected information rent of
the winner (at the beginning of phase 1) can be written as

Eo,00 [1'] = JuLlcr(01) — cr(0n)]

0 %)
%aPH(qo +yx =51+ ) T [yo(On) — yo(0L)] )
N ]HL{%a[(qo +9x = 51 + &) Ya(On) + PuPL(Exp — éz|L)2]
_%apﬂ(qo ryx—s; +é2\H)2yo(9L)} (H)
L a0+ yx =51+ & T [ya(0) — ya(60)] (A),

2

where ]HL = PI‘{Q(D = QH, 9(2) = QL}

Proposition 2. The expected information rent of the winner
increases in the buyer’s up-front investment x and the ven-
dor’s bargaining power o and decreases in the initial scope s;.

The results of Proposition 2 are intuitive: both
increasing the buyer’s up-front investment x and re-
ducing initial scope s; have the effect of increasing
marginal return from the vendor investment (as seen
from Equation (12)). When the marginal return from
vendor investment is higher, the high types enjoy a
greater advantage, giving them greater information
rent. The vendor’s bargaining power « is a multiplier
of the winning vendor’s surplus (see Equation (14)).
Thus, a higher « also results in more information rent
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for the winning vendor. These effects, combined with
the earlier finding that vendor investment increases in
x and a and decreases in s; (Proposition 1), highlight
the buyer’s trade-off: when the incentive for vendor
investment is higher, the information rent accrued to
the winning vendor also increases.

Our finding that a larger initial scope helps reduce
vendor information rent stands in contrast to an earlier
finding by Herweg and Schwarz (2018), which suggests
a simpler design plus renegotiation can compress ven-
dors’” information rent. In Herweg and Schwarz (2018),
the buyer is only concerned with the rent extraction
problem with heterogeneous costs of implementing the
scope; a smaller scope in their setting helps compress
the winning vendor’s information rent. By contrast, in
our model, the buyer must balance rent extraction and
incentivizing investment. In our setting, a larger initial
scope leaves less room for renegotiation and, thus,
undermines vendor investment, which limits the win-
ning vendor’s advantage over competitors and, hence,
reduces the vendor’s information rent.

4.3. Buyer’s Problem

At phase 1, the buyer’s problem is to choose initial
scope s; and up-front investment x to maximize the
buyer’s total expected surplus:

v(sll x) = EG(U,G(Z),Q [vl + 02]

. 1
= Eoy,),00,e [(’70 +yx+601)z"(0)) + 61)31 - Exz - C(Q(Z))}

(i) Buyer’s expected phase-1 surplus

1-a . . 2
+Eoqu e {T [(q0 + yx =51+ 0z (Or)) + €x11)”| } :

(ii) Buyer’s expected phase-2 surplus
17)

In Equation (17), the term (i) is the buyer’s expected
surplus from the phase-1 contract, and the term (ii) is
the buyer’s share of the expected renegotiation sur-
plus. The buyer’s total expected surplus v(s;,x) de-
pends on the renegotiation scenario (i.e., N, O, H, or
A) induced by the buyer’s decisions.

Similar to Assumption 1, we need to make a few
technical assumptions to ensure that the buyer’s prob-
lem has an interior solution and the buyer’s optimal
investment is finite.

Assumption 2. We assume

a.0< )4 < minkE{N/O,H/Aﬁk.

b. Qx1 < Qon.

€. Qu < Q.

The “Qs” are thresholds for the baseline quality qo, and
Y €(0,1] is the upper bound for the buyer’s expertise un-
der renegotiation scenario k € {N,O, H, A} (the formulas
of all the terms are in Online Appendix EC.1, the proof of
Lemma 4).

Assumption 2(a) sets an upper bound for the
buyer’s expertise y. This assumption ensures that the
buyer’s expected surplus v(sy,x) is jointly concave in
(s1,x) under each renegotiation scenario (N, O, H,
and A). By this assumption, we can obtain a local opti-
mum for each scenario. Assumption 2, (b) and (c), fur-
ther ensures that the buyer’s global optimal decision
is always an interior solution of a renegotiation sce-
nario rather than a boundary solution between two
adjacent scenarios; the latter is a trivial case and
significantly complicates the analysis. Together, As-
sumption 2 implies that the buyer’s global optimal
solution can be obtained by comparing the interior
solutions for different renegotiation scenarios. The
following lemma outlines the condition for a renegoti-
ation scenario to be optimal.

Lemma 4. The buyer’s optimal initial scope sj, up-front
investment x*, and the corresponding expected surplus v* =
v(s}, x") are as follows:

(STa X Oy) if g0 € (0, Q1]

10/ X0, 00)  if 0 € (Q1, Q2] (18)
(ST X0, 03)  if o € (Q2, Q3]

(S’i_A/ x*_A/ U*A) lf qo € (Q31 OO)

where the “Qs” are thresholds for the baseline quality qo
(Q1 £ Q2 £ Q3), and s}, and x;, denote the interior optimal
solution for the renegotiation scenario k € {N,O, H, A}

with the corresponding expected surplus v}, (the formulas of
all terms are in Online Appendix EC.1).

(s3,x",0") =

Noting that the scenarios N,0,H, and A are in
ascending order of the likelihood of renegotiation,
Lemma 4 shows that the buyer optimally induces a
higher likelihood of renegotiation when the baseline
quality qo is relatively high. This is because a higher
baseline quality gy reduces the impact of uncertainty
on the quality of deliverables in phase 1 so that the ex
post optimal scope is more likely to be larger than the
initial scope (Lemma 1). To measure quality uncer-
tainty relative to the baseline quality g, we define
0/qo as the relative quality uncertainty, where ¢ is the
standard deviation of the latent quality state €,.> We
visualize the results of Lemma 4 by mapping out the
optimal renegotiation scenarios as a function of the
relative quality uncertainty /g9 and the vendor’s bar-
gaining power « (Figure 2). As seen from this figure,
the optimal scenario can be N, O, H, or A. As pre-
dicted by Lemma 4, as the relative quality uncertainty
0/qo decreases and the vendor’s bargaining power a
increases, the optimal scenario moves from N, O, H
to A with an increasing likelihood of renegotiation. In-
tuitively, this is because, when « is high and o is low,
the vendor’s marginal return from the vendor’s in-
vestment is high, making it less costly to motivate the
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Figure 2. The Buyer’s Optimal Renegotiation Scenario as a
Function of the Relative Quality Uncertainty (c/q0) and the
Vendor’s Bargaining Power a
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Note. Parameters: n =2, 05 =09, 0, =045, =0.5,y=04,1=0.8,
p,=0.85and p, =0.7.

vendor investment. It may seem counterintuitive for
the buyer to induce renegotiation when the vendor’s
bargaining power is high, but when this is the case,
the vendor is well positioned to make an efficient in-
vestment decision. Renegotiation capitalizes on this
situation by making the high-bargaining-power ven-
dor a residual claimant (Che and Hausch 1999). This
can indirectly benefit the buyer because a vendor ex-
pecting a high renegotiation surplus bids lower in the
reverse auction phase.

Having examined the buyer’s preferred renegotia-
tion scenarios, we now explore the buyer’s decisions,
namely the initial scope s; and the up-front invest-
ment x, focusing on their strategic relationship.
Following Bulow et al. (1985), we say that they are
strategic substitutes (substitutes for short) if 3213x<0
and strategic complements (complements for short) if
3‘3ng > 0. We pay particular attention to the strategic
relationship because the buyer should coordinate be-
tween the two decisions.

Proposition 3.

i. Under the never-renegotiate scenario N, the initial
scope s; and the up-front investment x are always comple-
ments for the buyer.

ii. Under the renegotiation scenario k € {O, H, A}, s; and
x are complements (substitutes) for the buyer if Yy > Ty (Y
< Ty), where Yy (Ty) corresponds to the strength of the com-
plementarity (substitutability) between s; and x in phase 1
(phase 2). The formulas of Yy and Ty are in Equations (EC.3)
and (EC.4) of the online appendix, respectively.

We illustrate the prediction of Proposition 3 in
Figure 3, in which we plot the strategic relationship
between s; and x as a function of the vendor’s bar-
gaining power a and the probability of the high-
quality state in phase 1, Py. We observe that, under
the opportunistically-renegotiate scenario O, 5; and x
are complements in most cases except when phase 1 is
very likely to realize the high-quality state (Py is high)
and the vendor’s bargaining power is not high. Fur-
ther, s; and x are more likely substitutes under the hy-
brid scenario 7 than under scenario O. Under the
always-renegotiate scenario 4, s; and x are comple-
ments if and only if the vendor’s bargaining power «
exceeds a threshold regardless of the probability of
the high-quality state in phase 1.

The intuition of Proposition 3 is as follows. Recall
that the buyer’s expected surplus is composed of two
parts: phase-1 initial contract surplus and phase-2
renegotiation surplus (see Equation (17)). For the for-
mer, the buyer’s initial scope s; and up-front invest-
ment x are always complements: a higher initial scope
s; justifies more buyer investment x because the in-
vestment would have a broader impact; conversely, a
higher buyer investment translates into a higher pro-
ject quality, thus incentivizing the buyer to set a high-
er initial scope. For the phase-2 buyer surplus, s; and
x are substitutes: a higher initial scope s; implies less
room for additional scope s, in phase 2; thus, the opti-
mal buyer investment that maximizes the phase-2 sur-
plus is lower. Conversely, a higher buyer investment
x implies a higher implementation quality; thus, to
maximize the phase-2 surplus, the buyer should set a
lower initial scope s; to leave more space for addi-
tional scope in phase 2. The overall relationship be-
tween s; and x depends on the relative weight of the
two phases. In the never-renegotiate scenario (N),
the buyer’s expected surplus solely comes from
phase 1, implying s; and x are complements. In the
opportunistically-renegotiate scenario (O), because
renegotiation occurs only with probability Py, the pro-
portion of buyer surplus from renegotiation is small.
Consequently, the buyer mainly cares about the phase-1
surplus, implying that s; and x are mostly complements
except when the buyer’s phase-2 surplus is sufficiently
large. The latter occurs when Py is very high and the
vendor’s bargaining power is not too high. In the
always-renegotiate scenario (A), expected surplus from
renegotiation is no longer a function of Py. The relative
weight of phase-2 surplus from renegotiation is a func-
tion of vendor bargaining power a. When « is small, the
phase-2 surplus dominates, causing s; and x to be substi-
tutes; conversely, s; and x become complements. In the
hybrid-renegotiation scenario (), the probability of re-
negotiation is higher than that in scenario O but lower
than that in scenario .4; thus, s; and x are more likely to
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Figure 3. Strategic Relationship Between s; and x as a Function of @ and Py
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be substitutes in scenario  than in scenario O but less
likely than in scenario .A.

To see the implications of Proposition 3 for the
buyer’s optimal decisions, we plot the buyer’s optimal
initial scope s; and up-front investment x as a function
of the relative quality uncertainty /qo in Figure 4. We
observe that, when the relative quality uncertainty de-
creases, the buyer increases the up-front investment to
improve the implementation quality but may either
increase or decrease the initial scope, depending on
the likelihood of renegotiation. In scenario AV, because
the buyer’s initial scope and up-front investment are
always complements, the initial scope also increases.
A similar phenomenon is observed in scenario O

because of the mostly complementary relationship be-
tween the two decisions. In scenario A, however, the
vendor’s bargaining power determines the relation-
ship according to Proposition 3. When the vendor’s
bargaining power « is not high (Figure 4, (a) and (b)),
as the quality uncertainty decreases, the initial scope
weakly decreases and the up-front investment in-
creases; when the vendor’s bargaining power is high
(Figure 4(c)), both the initial scope and the up-front in-
vestment increase.

We note that, in some extreme cases, the initial
scope s; can be zero (e.g., when a =0.3 and ¢ is very
low). We interpret such cases as the buyer being inter-
ested in the smallest possible initial project. The

Figure 4. (Color online) Buyer’s Optimal s; and x as a Function of the Relative Quality Uncertainty
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Notes. kc (ks) denotes the renegotiation scenario k € {N, O, H, A} with s; and x being complements (substitutes). Parameters: n = 2, Oy =0.9,

0, =045=05=04,1=08,p,=0.85p,=07and gy =1.
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intuition is as follows. When the initial scope is very
small, vendors are willing to compete aggressively in
phase 1, anticipating that, in phase 2, they have a high
chance of renegotiating the project’s scope and earn-
ing a large surplus. Such small-scope initial contracts
seem common in practice: buyers often design the ini-
tial contract to be a pilot or discovery project with the
intent of expanding the project’s scope when the ini-
tial project turns out to be successful (Snir and Hitt
2004, Hertzum et al. 2012, Fenton 2016). Moreover,
there is also anecdotal evidence that some vendors an-
ticipate a project to be renegotiated in their favor and,
therefore, bid very aggressively to win the initial con-
tract (Bajari et al. 2014, Herweg and Schwarz 2018).

4.4. Comparative Statics

Having solved the model, we now turn our attention
to how the initial scope and buyer up-front invest-
ment change with underlying model primitives. We
focus on two key factors, namely, the degree of
vendor competition and the degree of information
asymmetry. Because it is not possible to compare
equilibrium results analytically, we resort to numeri-
cal analyses.

4.4.1. Number of Competing Vendors. To examine
how competition affects the buyer’s relative reliance
on the phase-1 auction and the phase-2 renegotiation,
we vary the number of vendors n from two to six with
a step size of two, for which a larger n represents
more competition. As depicted in Figure 5, the buyer’s
optimal decisions inducing scenario A are unaffected
by competition because no vendor would make
any investment. In optimal scenarios O, H, and A,

however, the buyer responds to a larger 1 by reducing
the initial scope sy (Figure 5(a)) and increasing the
up-front investment x (Figure 5(c)). This result is inter-
esting because, although increased competition makes
the reverse auction more efficient, the buyer relies on
the auction less, in contrast with earlier research (e.g.,
Bajari et al. 2008). The intuition is as follows: with a
larger n, the expected expertise of the winner is high-
er, making it more attractive to increase x and reduce
s; to induce more vendor investment (Figure 5(d)).
We also observe that a larger n leads to a higher
phase-2 scope (Figure 5(b)). Intuitively, as a larger n
leads to higher investments from both sides, the opti-
mal ex post scope tends to increase because of the im-
proved implementation quality. In sum, with a larger
pool of qualified vendors, the buyer prefers a smaller
initial scope for the auction phase and a larger scope
for the renegotiation phase.

4.4.2. Effect of Information Asymmetry. It is interest-
ing to examine whether the buyer relies more or less
on auctions when the degree of information asymme-
try increases. We capture the degree of information
asymmetry by varying the dispersion of vendor ex-
pertise while fixing its mean. In particular, we fix the
mean expertise to 0.5 while varying the spread 0y —
Or from zero to one. With a greater expertise spread,
we can expect greater information asymmetry. Figure 6
illustrates the results of numerical analysis with n = 2,
a=08,=041=08,p,=085p,=0.7,and f=0.5.
Figure 6(a) illustrates the optimal renegotiation scenario
as a function of the vendor expertise spread and the
relative quality uncertainty. We observe that the
buyer is more likely to induce a higher likelihood of

Figure 5. (Color online) Effect of the Number of Competing Vendors on the Buyer’s Decisions

(a) Phase-1 scope (b) Exp. phase-2 scope
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Figure 6. (Color online) Effect of Information Asymmetry on the Buyer’s Decisions

(a) Renegotiation scenario division (b) Project scopes (c) Quality investments
15 T 1.5 T

3 ——Phase-1 scope I — Buyer investment ,’
; ) N ——Exp. phase-2 scope ” ——Exp. vendor investment |
g I !
< | -
E 1 | 1 S
Q L5 O / 1
=
= /
z2 /
= 1
s 0.5 A
=)
2os A
= -
[} ——

0 0.2 0.4 0.6 0.8 1 0 0.2 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Vendor expertise spread 6, — 6,

Vendor expertise spread 6, — 6,

Vendor expertise spread 6, — 6,

Note. Parameters:n=2,a=0.8,y=04,1=0.8, p, =0.85,p,=0.7, =0.5, 0L + (1 —B)0n = 0.5 and Oy — O, varies from zero to one; for (a), the
relative quality uncertainty ¢/ varies from zero to oo; for (b) and (c), 6/go = 1.3 and o = 1.

renegotiation as the expertise spread increases. Figure 6,
(b) and (c), visualizes how the project scopes in two
phases and the investments from the buyer and the
vendor change with the expertise spread given the
relative quality uncertainty. We observe that, as the ex-
pertise spread increases, the buyer should decrease the
initial scope s; (Figure 6(b)) and increase the up-front in-
vestment x (Figure 6(c)), suggesting increased reliance
on renegotiation. The reason is as follows. As we in-
crease the expertise spread, the winner tends to have
higher expertise, which motivates the buyer to induce
more vendor investment (Figure 6(c)) by increasing the
investment x and reducing the initial scope (Proposition
1). When the vendors’ expertise is more dispersed, the
relative advantage of the winning vendor over competi-
tors increases, which leads to higher information rent to
the winner. Figure 6 reveals that the buyer responds to
the increased expertise spread by incentivizing vendor
investment rather than regulating information rent.
Finally, the expected phase-2 scope increases in the ex-
pertise spread. The intuition is similar to Figure 5(b)
and, thus, omitted.

5. Extensions

5.1. Auction Design with a Reserve Price

In the main model, we assume a simple reverse auc-
tion with no reserve price, which may not maximize
the buyer’s surplus. Here, we introduce a reserve
price and examine whether or how it may affect our
results. With a reserve price , if all vendors bid higher
than r, there is no trade. Otherwise, the winner is paid
the next lowest bid or the reserve price, whichever is
lower. It is a standard result that in a second-price
auction, bidders bid truthfully regardless of the

reserve price (Krishna 2009). Therefore, a bidder with
type 0 bids c(6;s1,x) (Equation (15)).” The buyer maxi-
mizes the expected total surplus, v(s1,x,r), by choos-
ing s1, x, and r jointly.

Recall that the equilibrium bid c(6;s;,x) decreases
in vendor expertise 0; thus, the highest equilibrium
bid is ¢(0y;s1,x). When r > ¢(01; 1, x), the reserve price
does not bind, and the buyer’s total expected surplus
stays the same as before. When r <c¢(0y;s1,x), all
vendors are excluded, and the auction ends with no
trade. This is never optimal because the buyer can ob-
tain a positive surplus without using a reserve price.
Without loss of generality, we can focus on cases
c(Op;51,x) <17 <c(0r;51,%).

We call the reserve price r = c(0r;s1,x) “degenerate”
because it is equivalent to no reserve price as in our
main model. The reserve prices c(Oy;s1,x) <7<
c(6r;s1,x) are “nondegenerate” in the sense that they
exclude L-type vendors but not H-type. Among the
nondegenerate reserve prices, the buyer prefers r =
c(6y;s1,x) because the buyer can pay the least when
there is a single H-type vendor. In this case, the
buyer’s optimal initial scope §] and up-front invest-
ment X are given by

(s7,%) = argmax o(s1, X, ¢(Op; 51, X))- (19)
S1,X

Denoting the buyer surplus 9" = o(s},%",c(0n; $}, 1)),
we have the following lemma on the optimal reserve
price.

Lemma 5. The optimal reserve price is nondegenerate (i.e.,
1 =c(0p;$1,%%) if 0°>v" and degenerate (ie.,
= C(QL;si,x*), which is equivalent to no reserve price)
otherwise. When the optimal reserve price is nondegenerate,
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the optimal initial scope $7, up-front investment X, and
buyer surplus 9" are given by

(5104 7%) #F0€©,Q1]
(51,2,8) =1 (53025 05) @@, @0)

*

(S;A/xArU}) if 4o € (Qa, )
where the formulas of all terms are in the online appendix.

The three conditions in Equation (20) correspond to
the never- (\), opportunistically-(O), and always-
renegotiate (A) scenarios with a nondegenerate
reserve price, respectively.'” Figure 7 illustrates the
results of Lemma 5. Figure 7, (a) and (b), shows that
introducing a reserve price reduces s; and increases x.
This is because the reserve price can help regulate in-
formation rent so that the buyer can further reduce
the initial scope s; and increase the up-front invest-
ment x to incentivize vendor investment. Figure 7(c)
shows that the optimal reserve price decreases in the
vendor’s bargaining power «. This is because, when
vendors have higher bargaining power, a more
aggressive reserve price is needed to exclude low-
expertise vendors. The reserve price may also be nega-
tive when the initial scope s; and one-time fixed cost
cr(0) are small (Figure 7(c)). A negative reserve price

r < 0 indicates that the vendors should pay to be se-
lected for the first phase of the project. Furthermore,
with a nondegenerate reserve price r = c(0y;s1,x), the
buyer can achieve a larger phase-2 scope (Figure 7(d))
and induce greater vendor investment (Figure 7(e))
than no reserve price. The numerical simulation also
reveals that the buyer is better off with an optimal re-
serve price (Figure 7(f)).

Proposition 4. When a nondegenerate reserve price r is
adopted, the buyer’s phase-1 scope sy and up-front invest-
ment x are complements under scenario N, substitutes
under scenario A, and complements (substitutes) under
scenarios O if Py <P (Py > P), where the expression of
P €(0,1) is provided in Equation (EC.24) in the online
appendix.

The intuition of Proposition 4 is as follows. The re-
serve price increases the buyer’s surplus from both
the phase-1 auction (in which s; and x are comple-
ments) and, if any, the phase-2 renegotiation (in which
s; and x are substitutes) by excluding low-expertise
vendors. Moreover, the increase from the phase-2 re-
negotiation is more significant because, with the re-
serve price regulating information rent, the buyer can
further lower the initial scope s; and increase the in-
vestment x to motivate more vendor investment and
obtain more renegotiation surplus. This makes s; and

Figure 7. (Color online) The Buyer’s Optimal Decision Results with a Degenerate, Nondegenerate, and Optimal Reserve Price r
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(b) Buyer investment

(c) Reserve price

02

0
0.2
0.4
0.6
038

—

2

15

1

‘/
7

o 0.5

0 J 0
0 02 04 06 08 1 0 02 04

Vendor’s bargaining power a

(d) Exp. phase-2 scope

Vendor’s bargaining power a

(e) Exp. vendor invest.

06 08 1 0 02 04 06 038 1
Vendor’s bargaining power a

(f) Exp. buyer profit

2 2
1.5 1.5
‘/
. /.
1 1
0.5 0.5
0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4

Vendor’s bargaining power a

Vendor’s bargaining power o

0.6 08 1 0 02 04 06 08 1
Vendor’s bargaining power a

—-— Degenerate r (no reserve price)

— — Nondegenerate

— Optimal r

Note. Parameters: n =2, 0y =0.9, 0, =0.45,=0.5,7=0.4,1=0.8, p, =0.85,p,=0.7,0=1,0/q0 = 1.35,and c¢(0) = 0.03/(1 + 0).
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x always substitutes in the always-renegotiate scenar-
io (A). However, the effect of the reserve price on
phase-2 surplus is discounted in scenario O because the
renegotiation occurs only with probability Py. As a re-
sult, if the probability Py is higher than a threshold P,
the substitutability between s; and x can be preserved
as in the scenario A; otherwise (Py < 13), the reserve
price would increase the weight of the phase-1 surplus
more than the phase-2 surplus for the buyer, making s;
and x complements. In scenario NV, s; and x are always
complements because the renegotiation never occurs,
which is similar to the situation without a reserve price.

5.2. Costly Learning of Project Quality
In the main model, we assume that the learning of the
project quality is costless in the sense that no matter
how small the phase-1 scope is, one learns the same
amount about the phase-2 quality. This may lead to
the buyer adopting a zero scope for phase 1. A more
natural assumption is that learning improves with the
phase-1 scope. Specifically, we let the informativeness
of the phase- project be p, =1 (ds; + 1), t € {1,2}, where
0 <d <1ands5 is the maximum scope. By this formula-
tion, if the buyer chooses a zero scope for phase 1
(s1 =0), then p, =1, implying that phase 1 is complete-
ly uninformative. As s; increases, the informativeness
level p; increases but never reaches one, the perfect in-
formation case. We refer to d as the learning coeffi-
cient; a higher d means that one learns more from the
same phase-1 scope.

It can be verified that the expectation of phase-2
quality state €, conditional on phase-1 quality state €;
is now dependent on both s; and s»:

. 1 1
€1 = E(GH +ep)+ 5 (en —€r)ai(s1)s2,

i=Hif e1=€y,i=L if e =¢,

where the formulas of ay(s1) and a;.(s1) are provided in
Equations (EC.29) and (EC.30) of the online appendix, re-
spectively. The phase-2 scope s, and the winning ven-
dor’s optimal up-front investment z*(6) are as follows:
(u+yx—s1+62)"
~ 1—(eg—er)ai(s1)’
aBp(s1)(u +yx—s1)"

1—a6’d(s)

and  @(s1) = Ec {[1-

S2

z'(0) =

where u=qo+(eg+er)/2,
(en —ep)ai(s)] '}

We prove that the results of Propositions 1 and 2
and Lemma 3 all hold qualitatively (see Online Ap-
pendix EC.3). However, the buyer’s problem becomes
analytically intractable because of the complications
in solving s;. We resort to numerical analyses to ob-
tain insights on the effect of costly learning. In

Figure 8, we plot the buyer’s optimal decisions as a
function of the vendor’s bargaining power «a and the
learning coefficient d. It shows that when the learning
coefficient d increases, the buyer tends to set a greater
initial scope s; (Figure 8(a)) because a higher d in-
creases the learning benefits of implementing the ini-
tial scope. Moreover, a higher d amplifies the strength
of complementarity between s; and x in phase-1 but
reduces the strength of substitutability between s; and
x in phase-2. Therefore, as the learning coefficient d in-
creases, the initial scope s; and buyer investment x are
more likely to be complements (Figure 8(c)), and
hence, the buyer’s optimal investment x* also in-
creases (Figure 8(b)).

5.3. Buyer Investment in Cost Reduction

In the main model, we only consider the buyer’s in-
vestment in quality improvement. One may wonder
whether our findings extend to buyer investment in
cost reduction, another popular form of investment.
We next study an alternative specification by redefin-
ing x as buyer investment in cost reduction instead of
quality improvement. Specifically, we assume that the
phase-t quality g; = qo + 0z + €, t € {1,2}. Further, we
assume the winning vendor’s implementation cost is
z(%’yx), where x is the buyer’s investment in cost reduc-
tion and y > 0 is the associated investment coefficient.
As before, we assume y is common knowledge.

It can be verified that the phase-2 scope s, and the
winning vendor’s optimal investment z*(0) are as follows,
in which the superscript “c” (cost reduction) is used to
distinguish notation from those of the main model:

s2 = [(1+yx)(qo + Oz + ) — 51]+,

0 (N°)
7(0) = { aOPw|(1+ yx)(qo + éx) = 1] y5(6) (O,

ad|(1+yx)(qo +€2) —s1]y5(0) (A9

where y5,(0) = [1-a0°Py(1+ )/x)]_l, ¥5,(0) =[1 - a6?
(1+7yx)]™", and the conditions for the never- (N), op-
portunistically-(O°), and always-renegotiate (A°) cases
are given by

(N9): qo+éxyn—s1/(1+yx) € (—0,0)

(O): qo+éxp —s1/(1+yx) €0, (€ =€) /¥5(6)) -
(A): qo+Eym—s1/(1+yx) € [(€xm — Ea1) Y6(0), o0)

We prove that Propositions 1 and 2 and Lemma 3 all
hold qualitatively (see Online Appendix EC.4). How-
ever, the buyer’s problem becomes analytically intrac-
table because of increased complexity in solving x. We
resort to numerical analyses for insights on the effect
of buyer investments in cost reduction. The buyer’s
optimal decisions as a function of the vendor’s
bargaining power « and the buyer’s investment
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Figure 8. Buyer’s Optimal Decision with Costly Learning
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coefficient y are illustrated in Figure 9. Figure 9(b)
shows that, with a higher y, the buyer makes a higher
up-front investment x to capitalize on increased in-
vestment effectiveness. However, the initial scope s,
may increase or decrease (Figure 9(a)), depending on
the strategic relationship between s; and x. As ob-
served in Figure 9(c), s; and x are substitutes only
when « is neither too low nor too high; otherwise,
they are complements. As we demonstrate (Figure 2),
when the vendor’s bargaining power a is low, the
buyer prefers scenarios with a low probability of
renegotiation (i.e., the never- and opportunistically-
renegotiate scenarios). Under these scenarios, the buy-
er puts more weight on the phase-1 surplus than
phase-2; therefore, s; and x are complements. When «
is high, the buyer prefers the scenario with a high
probability of renegotiation (the always-renegotiate
scenario). Because the buyer obtains a small share

(1 -a) of renegotiation surplus, the phase-1 surplus
still dominates, and hence, s; and x are also comple-
ments. When « is moderate, the buyer emphasizes the
phase-2 renegotiation surplus, and s; and x become
substitutes. In line with these arguments, we observe
from Figure 9(a) that, when the buyer’s investment co-
efficient y increases from 0 to 0.3, the initial scope s; de-
creases for low or high a but increases for moderate «.

In sum, when the buyer investment has the effect of re-
ducing implementation cost instead of improving quality,
buyer decisions and the strategic relationship between the
initial scope and the buyer investment are qualitatively
similar to our main findings in Proposition 3.

6. Conclusion
Motivated by several challenges facing IT outsourc-
ing, we investigate a hybrid procurement model in

Figure 9. Buyer’s Optimal Decision with Investment in Cost Reduction

(a) Initial project scope

(b) Buyer investment

(c) Strategic relationship
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which the initial phase of a project is determined by a
reverse auction, but the two parties can renegotiate a
second phase to add additional scope. In this model,
the buyer needs to both incentivize noncontractible
vendor investments that solely benefit the buyer and
curb the information rent of the winning vendor with
two up-front decisions: initial project scope and buyer
up-front investment in implementation quality. Using
this model, we generate several insights about the
roles of renegotiation and the initial project scope and
the coordination between the two buyer decisions.

This research contributes several novel insights to
the literature. First, we show that it may be sometimes
beneficial for a buyer organization to induce ex post
renegotiation as a way of alleviating the hold-up prob-
lem. When a renegotiation occurs, the vendor can
claim a share of surplus generated by the renegotia-
tion, which can motivate noncontractible vendor in-
vestment that is absent in a pure fixed-price reverse
auction. Although ex post renegotiation happens for
many reasons, such as flaws in the initial contract
(e.g., Herweg and Schmidt 2020), we highlight a new
reason: that renegotiation may alleviate the hold-up
problem.

Our second major insight is about the pivotal role of
the initial project scope in IT outsourcing. We show
that the initial scope affects both information rent and
vendor investment: a high initial scope leaves little
room for ex post renegotiation, thus undermining ven-
dor investment. When renegotiation seldom occurs,
the expected information rent of the winning vendor is
low because the vendor does not have strong incen-
tives to invest and, therefore, cannot turn the advan-
tage in investment efficiency into information rent.
Understanding this, a buyer may strategically set a
low initial project scope to incentivize renegotiation
and noncontractible vendor investment. This finding
offers a rational explanation for the observation that
many IT outsourcing projects start small and allow
scope expansion (e.g., Barry et al. 2002). Although
scope expansion happens for many other reasons (e.g.,
a lack of clarity and foresight), this is the first study
to show that buyers can strategically use anticipated
scope expansions to motivate noncontractible vendor
investments.

Another novel insight from this research is about
how initial scope and buyer investment should be joint-
ly used. Like initial scope, buyer investment also affects
both information rent and vendor investment, only in
the opposite direction: a smaller buyer investment de-
creases vendor investment and curbs information
rent. Because the buyer investment is more beneficial
when the project scope is larger, one may intuitively
think that initial scope and buyer investment are
strategic complements; high initial scope should go
hand in hand with higher buyer investment. We show,

however, that the opposite may also be optimal. Al-
though the buyer should use high initial scope and
high up-front investment (i.e., treat the two measures as
complements) to maximize phase-1 buyer surplus, the
buyer should use low initial scope and high buyer in-
vestment (substitutes) to maximize phase-2 surplus
from renegotiation. Whether the two decisions are com-
plements or substitutes depends critically on the rene-
gotiation scenario and the vendor’s bargaining power.
When a buyer prefers little or no renegotiation, the buy-
er should focus on phase-1 surplus and, thus, treat the
two decisions as strategic complements. When the buy-
er prefers renegotiation but the vendor’s bargaining
power is low, the buyer needs both low initial scope
and high buyer investment to induce renegotiation;
thus, the two decisions are substitutes. When the ven-
dor’s bargaining power is high, the vendor has strong
incentives to invest, and the buyer can once again treat
two decisions as complements; high initial scope and
high buyer investment can maximize the combined sur-
plus from the two phases.

Our model produces a few counterintuitive results.
For example, we show that the buyer prefers renegoti-
ation to occur when the vendor’s bargaining power is
high. This is because a vendor with higher bargaining
power is well positioned to make an efficient up-front
investment that increases the value of the project to
the buyer. As a result, the buyer should induce rene-
gotiation in such a case. This may explain why Korea
Exchange extended its IT service contract with IBM,
an industry-leading vendor with high bargaining
power, and why Google, NASA, and USRA extended
their contracts with D-WAVE, the only supplier of
quantum computers (IBM 2009, Alto 2017).

We also show that, as the number of competing
vendors increases, the investment efficiency of the
top bidder is higher, and the buyer prefers a smaller
initial scope for the reverse auction so that the buyer
can capitalize on the increased efficiency. This con-
trasts with the conventional wisdom that one should
rely more on auctions when there are many bidders
(e.g., Bajari et al. 2008). Herweg and Schmidt (2017)
also show that intensified competition leads to
increased renegotiation, but their argument is a
supplier-side one: suppliers leverage their private
information more through renegotiation when com-
petition is intense. By contrast, we offer a buyer-side
explanation: the buyer proactively induces more re-
negotiation to capitalize on the winner’s increased
investment efficiency.

We show that our main results are robust under
several alternative specifications, including permitting
a reserve price in the reverse auction, making the
informativeness of the phase-1 project a function of
its scope, and making the buyer investment cost-
reducing instead of quality-enhancing.
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Our findings generate several predictions for empir-
ical research on IT outsourcing. First, our results sug-
gest that buyers who suffer from the hold-up problem
are more likely to use a smaller initial scope and rene-
gotiate a larger scope after the initial contract. Second,
auctions of contracts that have a smaller scope but
permit scope expansion are more profitable to buyers
than auctions of contracts that have a large but inflexi-
ble scope. Third, buyers who have relatively low bar-
gaining power are more likely to start with low initial
project scope and to renegotiate with the vendor.
Some of our comparative static results are also readily
testable. For example, our results show that a higher
expertise vendor is more likely to renegotiate; when
there is a large pool of qualified vendors, we expect
buyer investment to be higher and the initial project
scope to be lower.

Our research can be extended in several ways. For
example, our current model captures vendor differ-
ences in investment efficiency and fixed costs; future
research can extend our model to allow other types of
vendor differences, such as heterogeneous implemen-
tation costs. Another way of extending the model is to
consider transaction costs associated with renegotia-
tion though we expect our main insights to hold even
with added transaction costs. Although our research
focuses on IT outsourcing, our findings may also hold
implications for other outsourcing contexts in which
the hold-up and information asymmetry problems are
prominent. It will also be interesting to compare our hy-
brid procurement model with other procurement mech-
anisms in IT outsourcing and other related contexts.
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Endnotes

" These are sometimes called “auction-determined” reverse auc-
tions. Some reverse auctions are “buyer determined” in the sense
that, after collecting the bids, the buyer makes the award decision
based on price and other factors (e.g., vendor reputation and prior
collaboration) (Engelbrecht-Wiggans et al. 2007, Brosig-Koch and
Heinrich 2014, Fugger et al. 2015). We focus on the auction-
determined format in this paper and refer readers to Wyld (2011)
for more discussion on the buyer-determined format.

2 Project scope refers to the work that needs to be accomplished to
deliver a product, service, or result with the specified features and
functions (PMI 2017, pp. 131).

%In practice, the two parties can invest in implementation quality
improvement as well as cost reduction. We focus on quality-
improvement investments for the following main reason. In the
case of a fixed-price contract (which is the setting we study), ven-
dors have incentives to invest in cost reduction but not quality im-
provement. Our goal is to investigate how the buyer can motivate

the latter kind of investment using a combination of auction and re-
negotiation. In some sense, we can assume that the vendor would
make cost-reducing investments anyway; thus, we do not need to
explicitly model such investments.
4 By Bayesian rule, we have Py =Ap, +(1-A)1-p,), Pyn=
prpaA 1=, )(1-py)(1-1) _ (=0 H1=p;)(1=p,)A

Aoy and Pry = SRt
5 We note that the price-only reverse auction can also be general-
ized to a “scoring auction” in which price and nonprice elements
(e.g., quality, time to delivery), provided they are observable, can
be factored into a score that is used to determine the auction win-
ner. Prior research shows that such scoring auctions can sometimes
be mapped into a price-only auction (Che 1993, Branco 1997). For
simplicity, we only consider the price-only format in this paper.

6 Some of the buyer’s up-front investments, for example, project
planning and requirement specification, occur at the beginning of
the project. Others may occur during (e.g., process reengineering)
or after (e.g., training) the project, but these investments need to be
budgeted and pledged in advance. The exact timing of the buyer’s
investment is not crucial to our model results; what is important is
that the buyer can make a credible commitment to the investment.
For simplicity, we simply say that the buyer makes the investment
before the project begins.

7 A renegotiation setting is commonly modeled as Nash bargaining
(e.g., Herweg and Schwarz 2018, Agrawal and Oraiopoulos 2020,
Herweg and Schmidt 2020). For example, Herweg and Schmidt
(2015, p. 9) employ the GNBS equilibrium concept to characterize
the renegotiation outcome, noting that “the GNBS is the only
bargaining solution that is Pareto efficient, invariant to equivalent
utility representations and independent of irrelevant alternatives.
Furthermore, it reflects the relative bargaining power of the two
parties.”

8 Recalling that € is a Bernoulli variable with Pr{ey = ey} = A and

mean zero, we can derive that 0 = €y, lﬁ.

9 To better present the results with a reserve price, we rewrite the
vendors’ true costs (Equation (15)) as ¢(6;s1,x), a function of the ini-
tial scope s; and the buyer’s up-front investment x.

10 Because a nondegenerate reserve price excludes L-type vendors,
the hybrid scenario 7 in which L- and H-type vendors face different
renegotiate scenarios no longer exists.
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