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We find that a substantial increase in contract completaethes$o reduced cost of information technology could inceeas
the cost per supplier even though the cost of coordinatidrtlaa cost per term monitored decrease. Such an increase in
the cost per supplier leads to a reduction in the number gilgrp the buyer chooses to do business with. Similarly, we
find that if coordination cost is reduced when more informratechnology is deployed so that the number of suppliers in
the buyer’s pool increases substantially, the buyer mighbse to make the supplier contracts less complete anééhste

rely on a more market-oriented approach to finding a suppfir good fit.

Key words: contract theory; transaction cost; interorganizati@yatems; business-to-business relationships
History: Sanjeev Dewan, Senior Editor; Il-Horn Hann, Associate@dirhis paper was received on November 7, 2002,

and was with the authors %Emonths for 4 revisions.

* corresponding author



Banker, Kalvenes, and Patterson: Information Technology, Contract Completeness and Buyer-Supplier Relationships
2 Information Systems Research 17(2), pp. 180-®2006 INFORMS

1. Introduction

The access revolution spawned by the emergence of the Wiidd-Web in the 1990s led to rapid growth
in business-to-consumer (B2C) electronic commerce. Bgsito-business (B2B) electronic commerce,
however, has followed a fiferent path. Until recently, companies had focused on coetirdevelopment
of private networks because of their existing investmemte¢hnology, security issues on the Internet, and
the lack of a common Web-based interface to suppiidient on-line transaction processing. As we move
into the new millennium, several industry initiatives addeessing the issues related to B2B electronic
commerce on the World-Wide Web, and another Web revolus@xpected to transform how organizations
interact with each other in new B2B relationships. Our otdjecin this paper is to analyze how buyer-
supplier relationships change as modern information aletdenmunication technology (ITT) reduces
transaction cost (i.e., the costs of search, coordinatioimaonitoring).

In this paper, we posit that improvements in ITT not only reslwoordination cost (which tends to
increase the optimal number of suppliers), they also irs@d¢he ability to monitor supplier compliance
in an economical fashion. Increased monitoring of supg@divities enable a conversion of these factors
from non-contractible to contractible, making supplienttacts more complete. But with more suppliers
and more contract terms, monitoring costs may increase tharethe benefits from more tightly speci-
fied supplier contracts. In our analysis, we focus on buyepker relationships between a single buyer
and multiple homogenous, pre-qualified suppliers in thesqgmee of changes in ITT thaffact contract
completeness. We show that it may be optimal for the buyeitherincrease or decrease the number of
suppliers he deals with, depending on how the cost of mangdncreases with the number of suppliers

and contract terms.

1.1. Previous Research
Malone et al. (1987) analyzed thé&ect of information technology on outsourcing decisionsui&ing on
transaction costs incurred in the dealings between a bungehig suppliers. They found that the increased

use of ITT decreases buyer search costs and leads to a medunctiertical integration and to an increase in
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the reliance on markets for the supply of parts in manufaggutJsing similar analysis of transaction cost,
Bakos (1991) found that the increased use of ITT leads tocestiaost of coordination of buyer-supplier
activities, which would tend to increase the number of sigpplthe buyer chooses to do business with.
While these transaction cost-based result have found sorpgieal support in that information technology
investments lead to smaller firms Brynjolfsson et al. (19%94¢re is also evidence from the automobile
industry that there is a general tendency toward a reduittithre number of suppliers with whom the buyers
are doing business Helper (1991), Cusumano and Takeisbl [1Bhe analysis in this paper builds upon the
transaction cost literature and augments it by considdrovgincreased use of ITT impacts simultaneously
the breadth of enforceable terms included in contracts leaaptimal number of suppliers.

In the literature studying inter-organizational systemd mvestments in these systems, the focus has
been on asset ownership and the distribution of benefiimgrfiom these joint investments. Building upon
work by Grossman and Hart (1986), Hart and Moore (1990, 199@) Milgrom and Roberts (1992) on
incomplete contracts and asset ownership, Bakos and Bigsgo (1993a,b) and Clemons et al. (1993)
reconciled this theoretical prediction with observed ki in the number of suppliers in industries such
as automobiles. They relied on the assumption that sugplignile investing in interorganizational systems,
incur relationship-specific costs that are shared by thebinya bargaining game. These costs outweigh
the lower coordination and search costs, and lead to a lieduntthe optimal number of suppliers.

In the work by Clemons and Kleindorfer (1992), the distribntof benefits is based ax post bargain-
ing. Since the benefits of the investments are unkoexante, opportunistic behavior on part of the partic-
ipants results in under-investment in inter-organizatl@ystems. The higher the relationship-specificity of
the investment and the higher the switching cost of the @pents, the lower the investment in the system.
More recent developments in the inter-organizationalesystliterature incorporate the ideas of incomplete
contracting. Bakos and Nault (1997) extended the framewbitiart and Moore (1990) to study impli-
cations of ownership for network asset investments. Basecataculations of Shapley valueséx post

bargaining, they derived conditions to determine the bestesship structure for essential network assets.
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Han et al. (2003) combined the ideas of Clemons and Kleird@tf992) and Bakos and Nault (1997) to
study the &ects of inter-organizational system investments withifitamework of incomplete contract-
ing over the system investments. Anticipating thexipost bargaining power, participants will adjust their
investments based on the expected surplus they receivendtiel provides insights into how ownership of
the diferent components of an inter-organizational system shmldivided between the participants.

In another stream of research, the consequences of irganiaational system adoption were investi-
gated. Wang and Seidmann (1995) modeled Electronic Dagechringe (EDI) adoption among suppliers
and showed that one supplier's adoption may cause negatigenalities on other suppliers, leading to
increased cost ffierentials in the supplier pool and increased concentratitme upstream market. This, in
turn, may explain why some buyers use fewer suppliers ie gbithe transaction cost reductions associated
with EDI adoption. Seidmann and Sundararajan (1997) fatas¢he consequences of information sharing
following the adoption of inter-organizational systembey found that information sharing might change
the relative bargaining power of the participants, thuslezsing some participants worsé @ spite of the
collective increase in value to the participants as a groughe context of procurement, the implementa-
tion of inter-organizational systems might result in thgdruappropriating rents from his suppliers due to
increased competition among the suppliers.

Modeling EDI as a single technology with negative extetrediamong suppliers, Barua and Lee (1997)
derived manufacturer penalty and subsidy policies aimgutatiding dficient and éective incentives for
suppliers to invest in EDI at a certain time. As technologgvemges toward a uniform standard (be it open
or proprietary), the importance of investment incentivesraduced, as the investment can be used by the
suppliers in multiple supply chain relationships. Thus amay argue that as ITT continues to develop, and,
potentially, the investment by suppliers in ITT increadbs, relationship-specific part of the investment
may actually be reduced.

Whereas the work in this paper is also studying buyer-sapplbntracts, it dfers from previous work

in this area in that it does not consider contracting oveestments in inter-organizational systems nor
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the subsequergx post bargaining over gains from these investments. Insteadyulier-supplier contracts
considered in this paper deal with the terms and conditioreuwhich the suppliers provide the buyer
with products. As such, it builds upon the principal-agéetature that deals with supplier monitoring cost.
In this context, Milgrom and Roberts (1992) point out thattas cost of monitoring suppliers decreases,
the buyer will increase the weight of the performance-bgsetiof the supplier compensation scheme. This
paper expands upon these ideas by also considering whielstasy the suppliers’ activities to include in

a contract and, subsequently, which aspects to monitor.

1.2. Organization

The remainder of the paper is organized as follows. Sectjpre@ents an economic model of contract term
and supplier selection when there are no relationshipHspeosts. Section 3 provides analysis evaluating
the impact of increased use of ITT on the optimal number opbers and level of contract completeness.
Section 4 extends the analysis in Section 3 by consideriagffbcts of supplier investments in ITT on
the buyer’s optimal choices of the level of ITT, the numbesoppliers to contract with, and the degree
of contract completeness. Section 5 concludes the papevatimmary of our principal results and some

suggestions for an empirical investigation that might gomfir contradict the model proposed in this paper.

2. BasicMode

Following the assumptions in Clemons et al. (1993), coms&dbuyer that is using several suppliers to
provide intermediate goods for his production activity. ¢é@ select from a large number of suppliers. The
buyer can choose to include a number of factors in the cantritie the suppliers. To be able to enforce a
contract term, the buyer has to monitor the suppliers’ caanpk and such monitoring is costly. The cost of
monitoring depends on the amount of ITT available to the bhuystablishing a relationship with a supplier
implies that a contract must be negotiated, blueprints mestxchanged, designs must be provided, and
so on; all of which requires time. This time delay until anritiBed supplier can make delivery limits the
reliance on spot markets for outsourcing intermediate goobther words, the scenario we model is one in

which a buyer maintains a set of pre-qualified suppliers.r@we duration of a supplier contract, the buyer
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undertakes a multitude of projects, each of which requiceglg and services from a number of suppliers.

Given the cost of ITT, the decision problem for the buyer Imgs the selection of the appropriate number
of suppliers to pre-qualify as well as the number of perfarogadimensions to include in the supplier
contract. The mathematical analysis of the buyer’s prolgtimizes the total benefit of contracting with
the selected suppliers using the selected monitoring signat of the cost of monitoring those signals,
the cost of coordinating the suppliers’ activities, andabst of the chosen level of ITT. In this model, we
assume that there are no relationship-specific costs eatiny the supplier and, therefore, the buyer does
not need to provide incentives to suppliers to participate assume that the buyer takes the cost of ITT as
given. Finally, for analytical tractability, we assumetthadl functions are twice continuouslyféirentiable
with respect to all variables.

The value of the buyer’s output, net of the cost of its productdepends on how many supplierd the
buyer is doing business with and on how many terwjsafe included in the supplier contracts. Thus, the

buyer’s net revenue (or benefit) function is

B = B(n, x), (1)

which is assumed to satisfy the conditions

B,>0andB, >0, (2)

where B; denotes the partial derivativiB/0i of function B with respect to the variable i = n, x. Thus,
the more suppliers the buyer is using and the more perforendimeensions that are monitored, the higher
is the buyer’s net revenue. Increasing the number of sugglereases the ability to find a supplier with
good fit. Similarly, increasing the number of contract temeduces the risk of variation in the suppliers’
delivered product. Finding suppliers with a better fit ineglipositive first-order derivatives of the benefit
function, B, with respect toc andn.

Selecting the number of terms)(to include in the contract and, in particular, selecting$pecific terms

to include, may be a dlicult problem in and of itself. Also, there is the risk of oxs@ecifying a contract so
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that a supplier is constrained to behave in a manner that efficient. For instance, if both on-time delivery
performance and flexibility in product mix are part of the tant, enforcing both of these terms rigorously
may result in the supplier increasing inventory levels,chhin turn may lead to higher production costs
over time! We assume that the buyer isfciently rational to evaluate which contract terms will risoi
higher benefit to the buyer, and to evaluate the degree tdwhéar inclusion will benefit the buyer.

Contract monitoring includes all activities that enforbe terms in the supplier contracts. The cost of
monitoring the supplier contracts increases with the nurobsuppliers and the number of contract terms,
and decreases with the available IT7) that facilitates the monitoring of supplier compliancéefefore,
the monitoring cost function is

M =M(n, x,1), (3)

which is assumed to satisfy the conditions

M,>0, M, >0andM, <O0. (4)

We also assume that the marginal cost of monitoring (witlpeesto the number of suppliers and the

number of contract terms, respectively) is decreasing thighevel of ITT, i.e.,

M, <0andM,, <0. (5)

With an increased use of B2B electronic commerce technplmmymunication of monitoring data can
be standardized, which in turn will lead to a reduction inrirginal cost of monitoring with respect to the
number of suppliers as well as the number of contract terms.

Consistent with Bakos and Brynjolfsson (1993b), we use ¢ tcoordination cost so as to include
all cost necessary to facilitate transactions betweendlgerband the suppliers, including search cost. We
assume that coordination cost increases with the numberppilisrs and decreases with the level of ITT.
Hence, the coordination cost function is

C=C(n1), (6)

1 This particular point was made by one of the anonymous refere
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which is assumed to satisfy the conditions
C,>0andC, <0. (7)
The marginal cost with respect to the number of suppliersedses as the amount of ITT increases, i.e.,
C,<0. (8)

The cost of monitoring and coordination depend on the dvi@lamount of ITTz. The buyer decides
how much ITT to deploy given the prevailing casof ITT. We assume that the technology cost function is

increasing in both the amount of ITT acquired and the codll kevThus, the technology cost function is
K = K(t;q) 9)
which is assumed to satisfy the conditions
K, >0andK, > 0. (10)
The marginal cost is increasing both with respect to the athoLUITT and the cost of ITT, i.e.,
K, >0andK,, > 0. (1)

The assumption thak,, > 0 is consistent with any cost function of the fork(z; a) = ak(t) wherek(r)
is an increasing function af The assumption thak,, > 0 is consistent with a scenario in which there
are diseconomies of scale when complementary ITT invedsragr taken into account. If the assumption
aboutkK, is relaxed, it cannot be guaranteed that the technologyfaostion is convex.

Finally, we assume that the marginal cost of production afationship-specific costs for both the buyer
and the suppliers are zero, so that the total cost of the Isugetivities is captured by the contract monitor-
ing, coordination, and technology costs.

The buyer’s decision problem can then be formulated as

matx B(n,x)— M(n,x,t) —C(n,t) — K(t; a). (12)
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For convenience, |/ (n, x,t;a) = B(n,x) — M(n,x,t) — C(n,t) — K(¢; a). For analytical tractability, we
assume that the buyer’s decision problem has an interiatisoP The first-order necessary conditions for

a maximum are

U,=B,—M,—C,=0, (13)
U, =B.—M,=0, (14)

and
U=-M,-C,—K,=0 (15)

The second-order fficient conditions for a maximum are derived from the Hessiairim

Unn Unx Unt
Hy=|UxU,U,|. (16)
Ui U Uy

At a local optimum, the principal minor determinantskf; satisfy the conditions

detHy, = U,, <0, (17)
detHy, = U,,U,, - U? >0 and (18)
detH,s = U,,U.U,-U,U%-U2U,+U,U,U,+U,U,U, -U,U?<0. (19)

Please note that, the conditions on the principal minorrdeteants also includ&,, < 0 andU;; <0, etc.

3. Analysis

An analysis of our model provides insights into the changeelationship between buyers and suppliers
when the level of ITT changes as the cost of technology dees&Ve begin by examining how the amount
of technology employed by the buyer changes as the cost ofddcfeases. Once we have established
that lower cost of ITT always leads to an increase in the le¥éT'T deployed by the buyer, we proceed
to analyze how the use of ITT is re-allocated between the toong and coordination activities through
changes in the number of suppliers and the degree of cortragtieteness chosen by the buyer as a result
of changes in the level of ITT deployed.

2 If the buyer’s decision problem is concave, then the intes@dution is unique and all results derived apply globaiithe opposite
case, there might be multiple local optima and the derivedlte are guranteed only for small changes in the paramatee v
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PrRoPOSITIONL. The amount of ITT deployed by the buyer increases as the cost of ITT decreases.

PROOF. Applying the envelope theorem to the first-order condgi¢h3)—(15) for parameteryields

d dn* dx* dr*

-v,=U,,—+U,,—+U,—+U,, =0 20
da n nn da + Unx da +Upy da + Una ( )
d dn* dx* dr
_Ux = Unx_ Uxx_ Ux ' Uxa =0 21
da da * da * "da * (1)
d dn* dx* dr*
~U=U.,— - — =0. 22
daU’ Un Ta + Uy Ta +Uu P +U, =0 (22)

We observe that/,, = 0 andU,,, = 0. Solving (20)—(21) foeln* /da anddx* /da yields

dn* Uydx* U, dt*

== - (23)
da U, da U, da
dx* U,dn U, dt*
X __Zmft =@ (24)
da U, da U, da
Substituting (24) into (23) yields
dn’ _ UpUs = UyUsy dt” (25)
da Unn Uxx - Unzx da
Substituting (25) into (24) yields
ax* U,U,-U,U, dt"
X — nx nt nhn xt N (26)
da Unn Uxx - Unzx da
Substituting (25) and (26) into (22) and solving tht /da yields
* Ua Unn Uxx - U2
dt _ t( nx) (27)

da U UoUs = UuUs 4 UpUnUsi = Up U2+ UpU, Uy = U U2

Recognizing the denominator as @f}; and the second factor in the numerator asHigt in (27), we
can conclude thadr*/da < 0. That is, if the purchase price leveldecreases, the optimal investment in
technologyy* increases. [
Proposition 1 states that an exogenous decreasesiaquivalent to an exogenous increase it his result
is intuitively appealing. As the factor price of ITT goes davithe buyer will choose to deploy more of it.
The result is also consistent with the empirical observatim Brynjolfsson and Hitt (1996) and Dewan
and Min (1997).

Given that a reduction in the cost of ITT will lead to incredsese of this factor, we next analyze how

a change in the level of ITTféects the number of suppliers selected by the buyer. In treaskson that
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follows, the sign oUU,,, = B, — M, will be of interest. The marginal net revenue of adding aepsupplier
is smaller when contracts are more completés(arge) than when contracts are less completis 6mall),
since some of the expected benefit from finding a better fit loynada supplier will be realized already by
greater monitoring. ThusB,, < 0, and in a sense, the number of suppliers used by a buyer arevii
of contract completeness are (imperfect) substitutesreramother. Also, the marginal cost of monitoring
an additional supplier is likely to be greater when therenaoee contract termsx(is large)® Thus, M, is

likely to be positive and the sign @f,, is likely to be negative.

PrROPOSITIONZ2. The optimal number of suppliers decreases with the level of ITT if and only if

U.,U
U, < —"<0. (28)
xt
PROOF. By the chain rule,
dn* dn* dt*
r_aa (29)
da dt da

dn* /da is given by equation (25) so that

dn* _ Unxer - UntUxx
dt - UnnUxx - Unzx .

(30)
By equation (18)U,,U,, — U? > 0. Consequentlyn*/dt < 0 if and only if U,.U,, — U,,U,, < 0. By the
second-order conditiong],, < 0 while by assumptionl/,, > 0 andU,, > 0. Thereforedn*/dt < 0 if and
only if

UXXUI’I
L <0.

U<

xt

U
One would normally expect that an increase in the amount dfd&ployed would result in an increase
in the number of suppliers the buyer chooses to do busindbsgivien that contract monitoring cost and
coordination cost both are reduced when more ITT is usdd,.Ifs not suficiently negative (or is positive),

3If, however, there is no substantial common random varidticall suppliers’ performance, then relative performaeealuation
may be useful. In such a situation, the marginal cost of nooinig additional contract terms may be lower when there aseem
suppliers and, consequently,,, is likely to be negative.
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then the number of suppliers does, indeed, increase wittettet of ITT. SinceM,, < 0 when relative
performance evaluation of suppliers is importdn, is likely to be less negative (or even positive) in this
case, and more suppliers may be optimal to facilitate theinitoring. However, if condition (28) holds,
then|U,.|/|U«l < |U.xl/|Ux|. Thatis, the ratio of the magnitude of change in the margiahle of adding

a supplier to the magnitude of change in the marginal valuadoiing a contract term when there is an
increase in the contract size is greater than the corresmpratio of change in the marginal value of adding
a supplier to the magnitude of adding a contract term whertisean increase in the level of ITT.

The change in the optimal number of suppliers when the amoUfET increases can be explained
intuitively in the following way. Consider the marginal metvenue and cost functions with respechtm
Figure 1, wherec*(n, 1) is found by solving fotx in the first-order necessary conditions (13) and (14) for a
givent. In somewhat loose terms, if the optimal number of suppliets decrease with an increase im, as
suggested by Proposition 2, then the marginal aégn, x*(n,t);t) + C,(n; t) must increase more than the

increase in the marginal net revenBgn, x*(n,t)). That is,

dx* dx*
an Mnx Ml’l Cn- 31
< ot M+ Gy (31)

Re-arranging the terms, this is equivalent to

d *
U,,xd—xt M, —C, <O0. (32)

Recall equation (20). By Propositionds," /da > 0, whileU,, = 0 by assumption. The equation can then be
re-written as
d dn* dx*

—-U,=U0,,— +U,,— +U, =0. 33
dtn nndt+nxdt+nt ()

Comparing this expression to equation (31) and recalliatlil, < 0 by the second-order conditions, this is
equivalent tain* /dt < 0. In Figure 1, this is represented by the intersection o€three M, (n, x*(n,1"),t") +
C,(n,t") and the curveB,(n, x*(n,t')). On the other hand, for the buyer to chooséaer number of

suppliers as the amount of ITT increases, the marginal nehree must increase more than the marginal
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M, (nx* (n,t"),0 ")+ G (nx* ("))
M, (n,x* (n,t),t)+C(n,x*(n,t))
M (n,x*(n,t'),t")+C(nx*(n,t"))

Marginal Cost/Benefit ($)

Bi(nx*(nt'))
B,(nx*(n.H)

-
|

non* n Number of Suppliers

Figure 1 Change in the number of suppliers due to use of more ITT.

cost. Please recall that we consider the marginal functiens with respect to the number of suppliers. In
Figure 1, this is represented by the intersection of theesM, (n, x*(n,t'),t')+C,(n, ') andB,(n, x*(n,1')).

A necessary condition fain* /dt < 0 is thus that

d *
My =+ My + Gy >0 (34)

i.e., the increase in marginal cost due to an increase in tingbar of terms included in the contract is
larger than the reduction in marginal cost due to ITT improgats. Whenix*/dt > 0, this implies that
M,, > 0 (i.e., economies of scale, if any, in the buyer’s monitgrof its suppliers is dominated by an
increase in supplier coordination costs). Figure 1 suggbst the increase in the number of contract terms
must be quite large for the supplier pool to decrease as Weed&ITT increases (the case represented by
Proposition 2). In fact, the increase in contract sizeust be so large that the total transaction cost per
supplier increases even though both the coordination @stypplier and the monitoring cost per contract
term per supplier decrease. Thus, the change in the levelnifact completeness will tend to moderate
an increase in the supplier pool as the cost of monitoringcidination decreases when more ITT is
deployed, rather than to reduce the supplier pool size. Arpatric example illustrating a supplier pool

decrease as the cost of ITT goes down is provided in the Append
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In practice, a reduction in the number of suppliers whenekellof ITT increases is likely to be associ-
ated with the deployment of a radically new technology inltbger-supplier relationship that enables the
economical monitoring of a large number of new contract gerfimis might be the case if the cost of pro-
cess monitoring drops below a threshold level so that thetbelyooses to install a system for monitoring a
vast array of supplier activities. As a consequence, théracinsize increases dramatically, resulting in an

increased cost per supplier used.

PrRoPOSITION3. The optimal number of contract terms included in a contract decreases with the level

of ITTif and only if

UnnUx
U, < —=X<0. (35)
nt
PROOF. By the chain rule,
dx*  dx* dt*
*r & a (36)
da dt da

dx*/dais given by equation (26) so that

d * UnxUn - UnnUx
o L T P (37)
dt UnnUxx - Unzx

By equation (18)U,,U,, — U2 > 0. Consequentlyyx*/dt < O if and only if U, U, — U,,U,, < 0. By the
second-order conditiong],, < 0 while by assumptionl/,, > 0 andU,, > 0. Thereforedx*/dt < 0 if and

only if
UnnUxt

nt

U, < <0.

]
SinceU,, = B,.— M,,, if the marginal cost of monitoring is decreasing in the nendf contract terms (i.e.,
M, <0), or if the marginal cost of monitoring increases at a lote ia the number of contract terms, then
the number of contract terms would tend to increase withékellof ITT. Thus, ifU,, is not suficiently
negative (or is positive), then the number of supplierseéases with the level of ITT. On the other hand,
if U,, is large and negative, so that the marginal cost of monioisrincreasing rapidly in the number of

contract terms (so tha¥,, is large and positive), the buyer would trad# an increase in the number of
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contract terms against an increase in the number of supplieas to take advantage of the factor that yields
the largest net contribution. Then, an increase in the at@uid T reduces the number of terms included
in the supplier contracts. If the condition in (35) holdenhU,.|/|U,.| < |U.|/|U,|. That is, the ratio of
the magnitude of change in the marginal value of adding araonterm to the magnitude in change in the
marginal value of adding a supplier when there is an increafe number of suppliers is greater than the
corresponding ratio of change in the marginal value of agldirrontract term to the magnitude of change
in the marginal value of adding a supplier when there is areese in the level of ITT. In this case, the
increase in the number of suppliers makes the monitoringligber per term included in the contracts.
This might happen if coordination cost is initially high dwat the buyer chooses to use a relatively small
number of suppliers with tightly specified contracts so am#ke up for the otherwise poor expected fit
resulting from the limited supplier pool. As the buyer ireses the supplier pool as more ITT is deployed,
the probability that the buyer can find a supplier with goodrfiteases even though the contract is less
detailed.

Please note that, it is possible foF, to take on a value so that the buyer would choose to add both
suppliers and contract terms when the level of ITT increasgsitively, with enhanced ITT, the buyer is
better df if he increases the number of supplies$ ¢r the number of contract terms)( or both. However,
if U,, <0 then increasing one of the two variables when the otherdsaher level yields less value to the
buyer than when the other is at a lower level. In fact/jf is suficiently negative, the buyer is worsé o
increasing botl andx, and his best option is either increasingr increasingz. As the following corollary
shows, it is never optimal for the buyer to reduce both thelmemof suppliers and the number of contract

terms when the level of ITT increases.

COROLLARY 1. If both dn*/dt and dx*/dt are negative, the second-order conditions for an interior

solution no longer hold.

sc Proof. Suppose that bath* /dt < 0 anddx* /dt < 0. Then, by equation (35)
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U}'anX
U, < L < 0. (38)
nt
Therefore,
Ul’l Unn
L 2 (39)
Uxt Unx
Substituting this relationship into equation (28) yields
U,.U
Uy < —=. 40
U (40)
Consequently,
U,U,..—U? <0, (41)

violating the second-order condition in (18) for an inteptimum. O
The corollary is supported by the simple observation thitafbuyer increase neithemor x, then there is
no reason to increase the amount of ITT deployed since IThbasternative use in our model.

A special case of the above analysis is of interest. If theedegf contract completeness cannot be
changed, the buyer’s decision problem is simplified to deitee only the number of suppliers to do business
with. SinceC(n,t) and M (n, t) share the same characteristics with respeetaad?, these two functions

can be represented l6}(n, r) alone wherx is treated as a constant. This results in the formulation
max B(n) —C(n,t) — K(¢;a). (42)
nt

For convenience, 18t (n, t; a) = B(n) — C(n,t) — K(¢t; a). The first-order necessary conditions for the max-

imum are

v, =0, (43)

V=0 (44)
The second-order necessary anffisient conditions are

Vin <0, (45)
Vi <0, (46)

V,,V.—=V2>0. (47)

nt
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COROLLARY 2. If the buyer takes the degree of contract completeness as given and the level of ITT

increases, the buyer chooses to do business with a larger number of suppliers.

PrRoOOF. Applying the envelope theorem and taking the total dekieadf equation (43) with respect to

yields
d dn* ar
—V,=Vu—+Vu—+V,u=0. 48
da da * "da * (48)
Similarly, for equation (44),
d dn* dar
—V,=Vy— + V,— =0. 4
V=V AV 4V, =0 (49)

Solving these two equations far* /da yields

dr* ViiVia
= (50)
da Vnanz - Vm

Since V,, < 0, V,, < 0, and V,,,,, — V2 > 0, it follows that dt*/da < 0. Recall thatdn*/da =

(dn*/dr)(dr* /da). Solving equations (48) and (49) féx* /da yields

dl’l* _ I/ntl/ta
da  V,V,-VZ?

(51)

Consequently, ag,, > 0, dn*/da <0 anddn*/dt >0. [
This result is consistent with previous findings in Malonale{1987) and Bakos (1991), who implicitly
assume that the activities in a buyer-supplier relatigngébiich as which supplier activities are contracted

and monitored) remain fixed while their cost goes down.

4. Supplier Investment in Technology

Suppose that the suppliers can choose their investmerititeV&T. Further assume that the suppliers’
investment in ITT has an impact on the buyer’s cost and beuefitions. Similarly, the buyer’s investment
in ITT impacts the suppliers’ cost of contracting and cooadiion. Let suppliei's benefit function be
defined asD;(n, x), while the cost of monitoring and coordination is given b(s;; x,t) and the cost of
technology is given byp,(s;; a). We assume thall;/ds; <0, 0L;/dx > 0,0L;/ot <0, dP,/ds; > 0, and

dP,/oa >0, while 0°P, /ds;0a > 0. Supplieri’s decision problem is given by
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max D;(n, x) — L;(x, s;;t) — P/(s;; a), (52)
s.t. Di(n,x)— Li(si;x,1) — Pi(si;a) >0 (53)

where s; is supplieri's investment in ITT. For analytical tractability, we assarthat all functions are
twice continuously dferentiable, problem (52) has an interior solution and thgpbkers have identical,
but stochastic cost functions so that their investmentechriology are identical. We shall therefore sup-
press the subscriptin the suppliers’ decision problem. The buyer will compaadhe suppliers for their

transaction and technology costs so that the buyer’s decpioblem is
maxB(n,x) — M (n,x,t;s) — C(n,t;s) — K(t;a) —nD(n, x; s, a) (54)
nx,t

We assume that the buyer decides on his technology investmemd that the suppliers takes this, as
well asn and x as given when making their investment decisiansThe buyer is a Stackelberg leader
and the suppliers are followers. The buyer anticipatesupelgers’ investment when deciding:, x, and

t. The suppliers’ reaction functiost (n, x, ¢, a) can be found by solving the suppliers’ decision problem
(52) with respect tes. Consistent with the principal-agent literature, we assuhat the buyer has per-
fect information about the suppliers’ cost and benefit fiom;tand the suppliers are compensated so that
D(n,x) = L(s*;x,t) + P(s*;a). The buyer can then solve the equivalent problem of maxmizocial

welfare (Holmstrom and Milgrom 1991), i.e.,

maxQ(n, x,t, s; a), (55)

n,x,t,s
whereQ(n, x,t,s;a) = B(n,x) — M(n, x,t,5) — C(n,t,s) — K(t;a) —nL(x,t,s) — nP(s; a).

PrROPOSITIONA. Ifthe cost of ITT decreases, then the optimal investment in I TT increases for the buyer,

the suppliers, or both.

PROOF. Suppose thatu, xo, 79, 5o) IS the buyer’s optimal solution for ITT cost leveJ and suppose that
(n1, x1, 11, 51) is the optimal solution for; < ag. Assume that both, < 7o ands; < so. Then, by defini-

tion of optimality, Q(ny, x1, 11, s1; a1) > Q(no, xo, to, So; a1). By assumptionk, > 0 and P, > 0, while the



Banker, Kalvenes, and Patterson: Information Technology, Contract Completeness and Buyer-Supplier Relationships
Information Systems Research 17(2), pp. 180-%2006 INFORMS 19

first-order partial derivative with respect toof the other terms irQ is zero. ThenQ(no, xo, to, So; a1) >
O(no, x0, to, So; ag), contradicting the supposition thaiy(xo, £, 5o) iS an optimal solution fot,. [
Proposition 4 confirms the intuition that if the suppliersicat act strategically so as to avoid a shift in rent
distribution between the buyer and the suppliers, somdiadél ITT will be acquired jointly by the buyer
and his suppliers if the cost of ITT goes down. The propasititso confirms that social welfare increases
as the cost of ITT is reduced, resulting in benefits for theeband his suppliers. In this model, we have
assumed that the buyer is a Stackelberg leader in a priragmit arrangement so that the buyer accu-
mulates all the benefits of the ITT cost reduction while higgiers continue to receive their irftBrence
compensation. Other allocations of the increase in soatftane are possible.

Given that the amount of ITT deployed will increase as costsgdown, we are interested in how this
additional ITT will affect the number of suppliers selected by the buyer and theedegfrcompleteness
used in the supplier contracts. There are three cases taleans the first case, both the buyer’s and the
suppliers’ deployment of ITT increases. In the other twoesagither the buyer or the suppliers increase

ITT deployment, while the other side reduces ITT use.

PROPOSITIONS. If the cost of ITT decreases and both dt*/da < 0 and ds*/da < O, then the optimal

number of suppliers or the optimal contract size, or both, increase.

PrRoOOF. The first-order conditions for the buyer’s decision problare

0,=0, 0,.=0, 0,=0, and Q,=0. (56)

dn* Oudx*  Qudt*  Quds” Qe

da = Quda Q,da Q,da Q, 7)
dx* _  Qwdn”  Qudt" Qds 58)
da ~ Q. da Q.. da OQ, da (
drt _  Qudn” Qudx” Quds’ OQu (59)
da  Qu,da Q,da Q,da Q,

ds* _ _Qudn” Qudx" Qudt’ O (60)

da Qs da Qg da Qg da  Qy
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Suppose thain* /da > 0 anddx* /da > 0, and substitute (59) and (60) into (57) to obtain

n* t*

d d ds*
(anQxx - Qix) d = (anth - Qnthx) % + (anst - Qnstx) d_il - Qxena~ (61)

a

dn*/da >0 only if Q,, <0. But, if 0,, <0 anddn*/da > 0, then by (58)dx*/da<0. O
Proposition 5 extends the basic result from the previousaeto the case when both the buyer and his
suppliers choose to increase their investments in ITT giveeduction in the cost of ITT.

If only the buyer or the suppliers (but not both) increase UBE, the result is ambiguous. Applying the
envelope theorem to the buyer’s first-order conditions @&J solving fordt* /da andds*/da, it can be

shown (after some algebra) that

dr detH cd * nmxx T nx<x detH a
_t=_ 03 i+QtQ o Qtha_ 02 . (62)
da detHQ:;a da detHgga detHQ:;a
ds” detHQ3C dr* Qnstx - anst detHQza
= - —+ Qna T AT ¥sa (63)
da ~ detHys da detH s, detHyg,
where
an an Qnt an an Qns an an Qnt
HQ3a = an Qxx th HQ3b = an Qxx st HQ3c = an Qxx th (64)
Qnt th Qtt Qns st st Qns st Qts
and
Oun Onx
Hpo, = 65
2 [an Qxx] (65)

detHy,, > 0, detHps, < 0, and def p3, < 0 by the second-order necessary conditions for a local eptim
while detH p3. is indeterminant. While the signs 8f* /da andds* /da cannot be determined without know-
ing the functional form oD, the sign of deH ;. plays an important role in determining whethend s
are net complements to or net substitutes for one another.

If dt*/da and ds*/da have opposite signs, it is mathematically possible to ab#i'/da > 0 and
dx*/da > 0. Referring to (55), this is rather implausible since thesgrbenefitB(n, x) goes down. This
must be counter-acted by a larger decrease in total cost: Afla > 0, the buyer’s investment in ITT is
shifted to a reduced number of suppliers whose cost (duecteased supplier ITT investments) is larger

than before the reduction in. A possible scenario would be a supplier's investment in B Bystem
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incompatible with the buyer’s system so that the buyer chstslet the supplier do all information process-
ing and accepting worse expected fit in return for a substiretiluction inK (¢; a). If ds*/da > 0, then each
supplier’s total cost goes down. However, the reductiorupp$ier ITT investments significantly increases

buyer monitoring costM (n, x, ¢, s), so that a contraction in bothandx becomes attractive.

5. Conclusion

We expect the new millennium to bring with it a revolution i2B electronic commerce, and companies
will have to adjust the way in which they interact with eachestwhen doing business. This research has
addressed the specific question of how mdfieient ITT will impact the relationship between buyers and
their suppliers.

Contradicting predictionsfttered by transaction cost theory, previous empirical resealserved that, as
the use of ITT proliferates in buyer-supplier relationshipuyers in some industries choose to use a smaller
number of suppliers. This paper developed a simple modehiewcontract monitoring cost in addition
to search and coordination cost is introducted to captwedmplexity in buyer-supplier relationships. If
the marginal monitoring cost decreases as modern ITT isdntred, a buyer might choose to include more
terms in his supplier contracts, thus making the contract®rmomplete. As a consequence of the additional
contract terms to monitor, depending on the charactesisfithe cost functions, the total cost of monitoring
per supplier might increase, in spite of the lower per-teramitoring cost. The increase in monitoring cost
per supplier may fiset or even dominate the reduction in transaction cost Intoaigout by the increased
use of ITT, thus leading to a reduction in the optimal numbesuppliers.

The paper provides some interesting avenues for empigsabrch. Our model shows that the number of
suppliers mightincrease or decrease as modern ITT is intaxtlin buyer-supplier relationships, depending
on the behavior of the tferent cost components that govern the relationships. Toestecomponents
might differ between industries, between firms within an industry, might change over time with the
development of new ITT. Also, we consider monitoring cost elationship-specific cost as two alternative

explanations for a possible reduction in the number of sapplused by a buyer. It will be valuable to
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establish empirically which one has merit and, if both festare relevant, which one is more important.

From an empirical point of view, the model developed in thapgr presents some distinct challenges.
Most importantly, several of the model parameters are nseeable. The amount of ITT deployed by a
buyer for the purpose of contract monitoring or for the peof coordination of activities with suppliers
is difficult to separate from ITT investments for other uses by tlyebsimilarly, it is not possible to obtain
the cost per contract for monitoring. However, it is possital observe both the number of suppliers used
by a buyer and the size and complexity of the supplier cotdradus, an empirical investigation should
focus on these two variables and how they relate to modelgtieots.

Our model takes as given the cost of ITT and predicts how thdilequm in contract size, supplier pool,
and level of deployed ITT changes as there are perturbaitiathe cost of ITT. ITT investments take time
to implement. Therefore, it would be appropriate to studydhange in equilibria over a time horizon of a
few years.

Let Ax/At be the change in contract completeness antid¢iAr be the change in the number of suppliers
as the amount of ITT changes. As argued previously, neithérese can be determined sinceannot be
observed. However, the ratio of these twéfelientials,

Ax/Ar  Ax
An/At ~ An

can be observedAx/An > 0 implies a positive correlation between the change in emtsize and the
change in number of suppliers. The existenceAaf/An < 0 would provide support for the theory that
increased contract monitoring cost might lead to a redndtidhe number of suppliers.

Assuming that there are similarities in cost structure lketwcompanies within the same industry and
that there are dlierences in cost structure between industries, the magnatithe relationship between
Ax andAn can be studied for a number of industriesffBiences between industries (such as positive or
negative correlation betweekix andAnr) may be attributed to the cost structure iffeiient industries.

As inter-organizational systems are standardized (feaire®, through the transition from traditional EDI

to web-based EDI), we expect that relationship-specifiestments are reduced over time. A reduction in
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relationship-specific investments reduces the poterdra¢f post supplier renegotiaion of the contract. A
longitudinal study ofAx/An might reveal a reduction over time in the number of compattias reduce

their supplier pools as more ITT is introduced. Howevergifuctions in the number of suppliers do not
disappeatr, this would provide support for contract mompcost as an explanatory factor for supplier pool

reduction oveex-post bargaining.
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Appendix. Parametric Example

In this appendix, we provide a parametric example to ilatstithe &ect of technology cost reductions on the

number of suppliers and the number of contract terms. Ddfiaéailowing benefit and cost functions:

1
B(n,x) = Ay ((eax+can)’ + (cax +can)’?) "’
M(n, x,t) = Aze'n"x",
C(n,t) = A3€_y3tna3,

K(t;a) = at>.

The buyer’s benefit is a constant elasticity of substitutioiS) function, the monitoring cost and coordination cost
functions are Cobb-Douglas, while the technology cost isrgke quadratic function. It is straightforward to show
that the benefit function is concave and the cost functioeganvex for positive parameter values, so that the buyer’s
objective function is concave and all the assumptions attmufirst-order and second-order conditions in Section 2
are satisfied.

Define the following parameter values:
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Figure 2 Change in the number of suppliers due to use of more ITT.

A1=1, 000, C]_=O.l, 02=1.5, C3=0.1, C4=0.21, p=—10,
A2 = 05, Oy = 11, ﬂz = 25, Y2 = 15,
A3=0.5, (X3=2, ]/3=0.5.

Suppose that' = 300. The equ