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AssTracT: This research investigates the relationship between a manufacturer’s use
of information technology (IT) (particularly electronic procurement) and the number
of suppliers in its supply chain. Will a manufacturer use more or fewer suppliers due
to the increasing use of IT? Based on data from a sample of 150 U.S. manufacturers,
we find no direct relationship between e-procurement and number of suppliers at the
aggregate level. However, when we distinguish the type of goods purchased, we find
that the use of electronic procurement is associated with buying from more suppliers
for custom goods but from fewer suppliers for standard (or commodity) goods. It
is possible that for commodity goods, an efficiently functioning transparent market
ensures that a few suppliers are sufficient, whereas for custom goods the need for pro-
tection from opportunistic vendor holdup leads to the use of more suppliers. Further,
the positive relationship between number of suppliers and electronic procurement for
custom goods is negatively moderated by deeper buyer—supplier system integration.
This implies that such integration can help buyers obtain better “fit” for their custom-
ized requirements, an alternative to increasing fit by employing more suppliers as
proposed in the extant literature,

KEY WORDS AND PHRASES! electronic procurement, information technology, interfirm
coordination, number of suppliers, supply-chain structure, systems integration, trans-
action costs economics.

THE USE OF INFORMATION TECHNOLOGY (IT) has led to new ways of coordinating supply-
chain relationships [35]. Researchers seek to link IT to governance of buyer-supplier
transactions, most commonly using transaction cost economics ( TCE) [48, 49]. It has
been argued that IT can reduce production and coordination costs both internally and
externally, and that the net impact of these cost reductions will determine whether
firms organize transactions internally or in market relationships [14, 24, 37]. IT also
supports hybrid forms such as value-added partnerships, in which firms leverage IT
to integrate closely with a limited number of partners in a supply chain [25]. It is then
critical to understand how IT use shapes buyer—supplier relationships, because differ-
ent relationships may carry different benefits and costs, which affect the effectiveness
of sourcing in the supply chain [22, 53].

In particular, how firms decide on an optimal number of suppliers is of both theoreti-
cal and practical interest [12]. In the information systems (IS) literature, significant
attention has been given to addressing the optimal number of suppliers that a firm
should use, and how that is affected by the use of IT. Researchers have made conceptual
arguments that IT utilization could lead firms to work with either more [37] or fewer
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(14] suppliers. Other work has highlighted the role of IT in the creation of value-added
partnerships (“virtual integration”) with fewer suppliers [2]. However, more recent
research expects Internet-based technologies such as Web services to enable firms to
connect their [S with more suppliers at a relatively low marginal cost {9, 53].

Empirically, the evidence is also mixed. There hus been evidence of a shift toward
the use of fewer suppliers in the electronics industry {46]. For instance. Dell reduced
its supplier base by 75 percent while implementing major [T systems to better coor-
dinate production and supply-chain operations [34]. Yet Boeing has been using more
suppliers in its global supply chain for the 787 Dreamliner. A recent survey found I'T
use associated more frequently with an increased supplier base [19]. Therefore, the
relationship of IT use to the number of suppliers with which firms do business is an
important yet open topic worthy of further research.

In this work, we specifically focus on electronic procurement (e-procurement), which
refers to procurement processes that are conducted using common data standards and
via I'T-based platforms [41, 53]. This is the type of IT that is used directly to support
transactions between buyers and suppliers and thus most likely to affect the choice of
number of suppliers. We conducted a survey in the U.S. manufacturing industry and
used the data to investigate how e-procurement relates to number of suppliers. Our
work contributes to the literature on IT use in supply-chain contexts, both empirically
and theoretically.

We examine empirically the relationship of IT with number of suppliers, while
prior research has been mainly focused on conceptualization (e.g., [26, 33, 37]) or
case research (e.g., [13]). We find no direct relationship between the volume of goods
purchased via e-procurement and the number of suppliers at the aggregate level. Yet
when we further address the nature of goods purchased, we find that number of sup-
pliers is positively associated with e-procurement for custom goods and negatively
associated with e-procurement for standard goods. To our knowledge, this is the first
time such a distinction has been made. The different relationship is consistent with
a TCE-based notion that custom goods procurement involves more asset-specific
supplier relationships with greater potential for opportunism, and e-procurement
enables buyers to use more suppliers and thus avoid vendor holdup. For commodity
goods, in contrast, an efficiently functioning transparent market reduces the risk of
opportunism, $o e-procurement can be used to automate frequent transactions with
fewer suppliers.

We also distinguish transaction-oriented e-procurement from deeper integration
of buyers’ and suppliers’ IS. Our results show that the positive relationship between
number of suppliers and e-procurement for custom goods is moderated by the extent
to which firms integrate IS with their suppliers: deeper integration is associated with
using fewer suppliers. This suggests that such tighter integration can help buyers
obtain better “fit” for their customized requirements through close coordination in
supply chains. It is an alternative to increasing fit by working with more suppliers
as proposed in prior literature [2]. Our theoretical contribution, then, is to show that
the relationship between IT use and number of suppliers is not straightforward. but
depends on the types of goods exchanged and the nature of the IT in use.
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Theory Development

Transaction Cost Economics and Number of Suppliers

TCE 1s A USEFUL LENS TO UNDERSTAND THE RELATIONSHIP OF IT to number of suppliers [2,
14]. TCE states that firms face the risk of opportunism when they are in a situation
bargaining with a small number of other firms, particularly when relationship-specific
investments are required [48]. It is generally expected that having more suppliers
reduces such risk of opportunism, as the buyer is less dependent on any particular
supplier. In addition, having more suppliers can reduce the cost of having to settle
for a poor fit (i.e., for a less than ideal combination of product features, quality, and
reliability of supply) [2]. Nonetheless, using more suppliers raises coordination costs
as the buyer must search, negotiate contracts, monitor and enforce compliance, and
coordinate efforts with each supplier. Thus, the number of suppliers chosen by any firm
involves finding an optimal balance among the following key transaction factors-—fit,
coordination costs, and risk of opportunism [14].

These key transaction factors are summarized in Table 1, along with their potential
impact on the number of suppliers selected, and the primary and secondary effects of
IT on those factors. On one hand, IT can reduce coordination costs as procurement
processes are standardized and automated, thus reducing the cost of working with
more suppliers [37]. Also, IT can reduce the costs of searching for new suppliers to
achieve better fit [20]. Based on these factors, the expected impact of [T would be an
increased number of suppliers, as the benefits of better fit can be achieved without
greatly increasing search and coordination costs [2].

On the other hand, IT might favor reducing the number of suppliers. In this case, the
most important factor is the potential of IT to reduce the risk of shirking or opportun-
ism associated with a small numbers bargaining situation [14]. This is due in part to
IT’s potential to monitor supplier performance and detect opportunism, because IT use
leads to greater information transparency along the supply chain [52]. It is also due to
the fact that IT investments may be less relationship-specific than other investments,
especially as [Ts are becoming more open and standardized [14]. Indeed, firms are
increasingly using industrywide [T (both technology platforms and data standards) in
interfirm coordination [54]}. As a result, IT enables a buyer to work more closely with
fewer suppliers, reducing search and coordination costs without taking on additional
transaction risks. This was conceptualized as the “move to the middle” hypothesis
by Clemons et al. {14].

Given these competing perspectives, whether or not IT use is associated with an
increase or decrease in the number of suppliers depends on the balance of its impact
on these factors—coordination cost, fit, and risk. The net impact depends in part on
the marginal cost of buyer-supplier IT linkages, and the relationship specificity of
the associated IT investments. If additional suppliers can be added easily to existing
mterfirm IT systems such as those based on cheap technologies and open standards,
then marginal coordination costs will be low and buyers are likely to work with more
suppliers to achieve better fit. But if the marginal cost of making IT connections is
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high, as in the case of expensive technologies or relationship-specific integration [47],
the economics will favor working with fewer suppliers in order to reduce up-front
costs and to recoup those investments over a larger volume of transactions with each
supplier [14].

As listed in Table 1, an additional factor is supplier incentive to make noncontract-
ible investments (in quality, reliability, or other performance measures), which can be
increased by reducing the supplier base [2]. Here a buyer firm may decide to accept
a greater risk of opportunism to encourage its suppliers to make such investments in
return for a greater share of the buyer’s total business. The role of IT here is more
indirect, for instance, in creating an environment in which noncontractible investments
are more important, such as by speeding product cycles or enabling more complex
business processes [33]. Also, deeper integration of IT systems between firms may by
itself require noncontractible investments on the part of the seller; hence, sellers may
need to be given incentives to make such investments as well [52].

Theory Enrichment: Nature of Product and Type of IT

We enrich and refine the above perspectives by addressing the nature of the product
being supplied and the type of IT employed in the buyer—supplier relationships. Each
of these two factors can affect the relative importance of coordination cost, the cost
of poor fit, risk of opportunism, and the importance of noncontractible investments.
Each also can atfect the impact of IT on those variables.

The Nature of the Product

Manufactured goods can incorporate both standard and custom components [11]. For a
standard commodity input (such as nuts, bolts, resistors, or memory chips), the potential
cost of poor fit is lower, as inputs from different suppliers are interchangeable. For
custom components (such as application-specific integrated circuits or molded plastic
enclosures), the importance of fit is high, as a highly specific part is required and only
a few suppliers may be able to provide this input. Also, the cost of coordinating with
suppliers is likely to be higher for custom goods, as suppliers need more informa-
tion to meet unique requirements for the buyer [16]. Finally, the risk of opportunism
is likely to be lower for standard goods, as a buyer can more easily find a substitute
supplier if a current supplier tries to act opportunistically. For custom goods, the risk
of relying on a small number of suppliers is greater, as asset-specific investments are
likely to be involved and supply uncertainty is greater [48, 49].

Therefore, the potential impact of IT on costs associated with poor fit, coordination,
or opportunistic behavior will be affected by the nature of the goods. If the importance
of fit is low, as in the case of standard goods, then the potential benefits of using IT
to search for more suppliers will be limited. If fit is more important, as in the case
of custom goods, then the benefits of using IT to find suppliers who offer a better fit
with buyers’ needs will be greater and may lead to the use of more suppliers. When
the risk of opportunism is high, as in the case of custom goods with few suppliers,
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the use of IT to monitor suppliers and prevent shirking will be more valuable, and
may help avoid the risks of a small numbers bargaining situation [14]. Because of
these differences, we would expect different effects from IT use for procurement of
standard commodities than for customized inputs.

The Type of IT Employed

The use of [T to automate routine purchasing processes, such as order processing and
invoicing, can be accomplished by adoption of established protocols such as electronic
data interchange (EDI) or extensible markup language (XML)-based standards [38,
53]. The marginal cost of adding another trading partner in this case is likely to be
relatively low once the firm has put in the necessary infrastructure and adapted its
own processes and systems to generate data in the required formats. Adoption of such
standardized technologies enables buyers to use more suppliers in order to achieve
better fit without a corresponding increase in coordination costs {2].

By contrast, deeper integration of processes between firms is likely to require more
extensive IT integration, for instance, sharing data between enterprise systems or
adoption of compatible applications such as computer-aided design or supply-chain
management systems [53]. In such cases, the marginal cost associated with integrating
additional suppliers may be high [2]. After these linkages are established, information
to provide more complex products and processes can be exchanged and suppliers will
be able to fine-tune their production to the needs of the buyer, thus providing better
fit [5]. As such, we expect differential relationships between IT use and number of
suppliers when such enhanced integration is created.

The Conceptual Model

Based on the theoretical discussion above, we propose a conceptual model as presented
in Figure 1. As introduced earlier, our work is focused on the context of firms using
IT 1o conduct transactions electronically, via electronic procurement. Our model is
concerned with how the extent of e-procurement use (i.e., volume of transaction via
e-procurement) may relate to firms’ choice of the number of suppliers. By definition,
our e-procurement variable represents the operational aspect of sourcing over [T-
cnabled electronic platforms. Also, gauging the extent of e-procurement by transaction
volume is consistent with the literature [42, 45]. More broadly, prior work has used
percentage of interfirm transaction conducted via electronic platforms to assess the
degree of electronic integration based on interorganizational systems [51, 54]. Our
work is built on these previous studies.

Furthermore, in line with the theoretical extension discussed in the previous subsec-
tion, we propose two additional factors in the model. First, we consider the nature of
the product in e-procurement and differentiate standard goods versus custom goods.
Second, we posit buver-supplier systems integration to represent a key dimension
of the type of IT deployed, referring to the degree to which a buyer firm’s systems
are integrated with systems and databases of its suppliers {41]. [t is worth noting that
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Figure 1. The Conceptual Model

while e-procurement use, as defined above, reflects the transactional nature of IT
use in supply-chain contexts, systems integration provides the IT infrastructure for
more “explicit coordination” between buyers and suppliers [14, 43]." As discussed
carlier, the relationship of e-procurement to number of suppliers may be contingent
on systems integration and the types of products being purchased. Their influence is
formally hypothesized in the next section. '

Hypothesis Development

Hypotheses

E-Procurement and Number of Suppliers

FOLLOWING THE ABOVE DISCUSSION, we propose that IT use may impact the transaction
factors (as summarized in Table 1) that determine the number of suppliers, leading to
either an increase or a decrease in the number of suppliers. Depending on how each
of those factors is affected and also the relative strength of those effects, it is possible
that the number of suppliers could be higher or lower. As a result, we present two
alternative hypotheses, positing that [T use may be associated with either more or

fewer suppliers.

Hypothesis la: In the context of buyer-supplier transactions, the use of e-pro-
curement is positively associated with the number of suppliers.

Hypothesis 1b: In the context of buyer—supplier transactions, the use of e-pro-
curement is negatively associated with the number of suppliers.

Hlais motivated by the argument of Malone et al. [37] that IT use will lead to greater
reliance on outside markets (outsourcing) rather than internal production (hierarchies).
Shifting activities from inside the firm to outside sourcing may involve the use of new
suppliers. In this regard, the number of suppliers may be an increasing function of IT
use. Further, even when it is certain that an input can be purchased from an existing
supplier, IT can enable buyers to search for and purchase from more suppliers and



HOW DOES INFORMATION TECHNGLOGY SHAPE SUPPLY-CHAIN STRUCTURE? 49

thus reduce the cost of poor fit, without a corresponding increase in coordination costs.
The expected result will thus be the use of more suppliers [2].

H1b is motivated by the “move to the middle™ hypothesis by Clemons et al. [14].
it is based on the assumption that the increased search and coordination costs asso-
ciated with using more suppliers may outweigh the benefits of better fit or reduced
opportunism. In this view, a high level of buyer—supplier coordination may act as an
alternative means to achieve better fit, as long as the potential for opportunism can
be mitigated by the use of IT to monitor supplier behavior. An important factor is the
marginal cost of coordinating with additional suppliers; if it is high enough. then the
henefits of having more suppliers might be outweighed by the cost of coordination [2.
14]. Finally, in the case where the use of I'T makes noncontractible investments more
important, for instance, by increasing the complexity of products or interdependence
of processes, it may lead to reducing the number of suppliers [2, 33].

Standard Versus Custom Goods

When a buyer uses IT to purchase standard goods, the buyer is more concerned about
reducing coordination costs than about costs of poor fit and risk of opportunism [11].
Standard goods have similar or identical characteristics from different sources of sup-
ply. Therefore, the benefits of improving fit, through transacting with a greater number
of suppliers, are limited. A buyer of standard goods can use standard data formats
to communicate product specifications, reducing marginal coordination costs with
each supplier. This also makes it easier to switch to alternative suppliers and thereby
decreases the risk of opportunism by existing suppliers. These effects are consistent
with the argument made by Clemons et al. [14] that IT can lower coordination cost
without increasing the inherent transaction risk with a small supplier base. In a trans-
parent and efficient market, a few sellers might be sufficient to provide an adequate
supply with minimal risk. Furthermore, while IT helps a buyer search among multiple
suppliers for the lowest prices for standard goods, once a search is done and suppliers
are chosen, the buyer often can get even better pricing by concentrating orders with
fewer suppliers to obtain volume discounts {18]. This further motivates the buyer to

reduce the number of suppliers.

Hypothesis 2: In the context of purchasing standard goods, the use of e-procure-
ment is negatively associated with the number of suppliers.

In contrast, when purchasing custom goods. controlling the risk of supplier op-
portunism and the costs of poor fit is likely to be more important [8, 11]. Because
custom goods have more specific features tailored to a buyer’s needs than standard
goods, achieving a high degree of fit is more important. One way of improving fit is
to find and evaluate more suppliers, which can be done at lower cost through using
IT [2, 44]. As an example, Apple previously relied on Motorola and IBM as suppliers
of microprocessors for its Macintosh PC line. Yet when it designed its first iPod, it
turned to a small start-up called PortalPlayer for the key processor rather than work
with its existing suppliers, as PortalPlayer already had a product that could easily be
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adapted to fit Apple’s requirements [36]. In this case, Apple was able to achieve bet-
ter fit in a custom input by adding a new supplier. As IT can lower search costs, the
use of IT is likely to lead firms to work with a larger number of suppliers of custom
inputs across their product lines.

Also, since higher levels of coordination are needed with suppliers of custom inputs
to ensure availability and share technical information [16), it will take more time and
money for a buyer to set up relationships with alternative suppliers. Consequently,
the buyer is more likely to be locked in to existing suppliers for custom goods than
standard goods, creating a greater risk of opportunism [40]. One mechanism for a
buyer to reduce opportunism risk is to increase its pool of suppliers and thus reduce
its reliance on any particular supplier {26, 48). The use of IT, by lowering search and
coordination costs, makes it economically feasible for a buyer to increase its sup-
plier base. Thus, we expect the following hypothesis to be true when potential for

opportunism is high:

Hypothesis 3: In the context of purchasing custom goods, the use of e-procurement
is positively associated with the number of suppliers.

Buyer-Supplier Systems Integration

The above relationship for custom goods (H3) may be moderated by buyer-supplier
systems integration. Systems integration enhances information sharin g and streamlines
communications between buyers and suppliers [53], which can enable suppliers to
meet the more complex product requirements of custom goods [5, 43]. For instance, an
electronic linkage that maps suppliers’ engineering data with the buyer’s procurement
database helps suppliers responsively adapt products and processes to the buyer’s needs
[41]. As such, systems integration lowers the need for the buyer to work with more
suppliers of custom goods, and therefore can serve as an alternative means to achieve
better “fit.” As an example, PC makers such as Hewlett-Packard, Dell, and Gateway
generally rely on a small number of contract manufacturers with whom they have
set up tightly integrated interorganizational systems for product design, production
planning, and order processing [17]. As such, in order to increase fit, buyer-supplier
systems integration is viewed as a substitute for expanding the firm’s supplier base.

In addition, establishing deep buyer-supplier systems integration is more expensive
than using e-procurement to automate transactions. Automatic invoicing and payment
systems are becoming commodity-like and access to these systems can be gained eas-
ily through the marketplace [52]. In contrast, developing deeper systems integration
requires investments that are specific to the coordination procedure [47, 50]. Systems
integration thus entails higher up-front investments, which in turn may lead to the
use of fewer suppliers. Finally, buyer—supplier systems integration is a form of non-
contractible investment. To motivate suppliers to make this type of noncontractible
investment, the buyer may choose to work with fewer suppliers to give each a greater
volume of business [2, 33].

In sum, buyer-supplier system integration moderates the relationship between
e-procurement and number of suppliers as it offers the potential to improve fit without
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adding suppliers, allowing firms to use fewer suppliers. It also increases the marginal
cost of doing business with each supplier. These effects suggest that, although we
expect a positive relationship between the number of suppliers and e-procurement
for custom goods (H3). the positive relationship would be negatively moderated by
the degree of buyer—supplier systems integration.

Hypothesis 4: In the context of purchasing custom goods, the positive relationship
between e-procurement and the number of suppliers is negatively moderated by

buver—supplier systems integration.

Finally, we expect a weaker moderation effect of buyer—supplier systems integration
in the context of purchasing standard goods. The reason is that the major benefit of
systems integration for the buyer is improved “fit,” which, as discussed above, may not
be a critical consideration for buyers of standard goods. Also, the need for noncontract-
ible investments is lower for standard goods. Therefore, these factors are less likely to
come into play as they do with custom goods. This leads to our final hypothesis:

Hypothesis 5: In the context of purchasing standard goods, buyer-supplier sys-
tems integration has a weaker moderation effect than in the context of purchasing

custom goods.

Controls

In addition to e-procurement, firm- and industry-specific characteristics and the envi-
ronment where e-procurement is used may also affect the number of suppliers. These
factors are incorporated as control variables and are discussed in turn below.

Firm Characteristics
In our research context, we consider two major firm-level characteristics, scale and
scope, that may influence the number of suppliers.

Scale. In general, the number of suppliers that a firm employs will increase with the
firm’s production scale. We use sales as a proxy to scale [10]. As sales increase, the firm
would need more inputs for its production and thus likely seek new sources of supply.
Thus, we expect the number of suppliers to be an increasing function of sales.

Scope. Scope refers to the extent to which a firm operates in muitiple product lines and
market segments. When the firm’s operations expand into a new market segment, the
expansion is generally associated with establishing relationships with new suppliers
in the market [24]. Therefore, the number of suppliers used by a firm is expected to
be an increasing function ot its scope. .

Furthermore, a firm’s scale and scope have been shown to be related to I'T use [27].
Accordingly, significant relationships between IT use and the number of suppliers, if
found. could be attributed to effects of common influential factors, scale and scope.
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To rule out this alternative explanation, scale and scope should be incorporated as

controls.

Industry Characteristics
Industry-level characteristics may influence the costs of coordination in markets [49],
and thereby the number of suppliers.

Demund Uncertainty. Demand uncertainty has been widely recognized as a si gnificant
factor that will increase market coordination costs ( e.g., [45]). To cope with demand
fluctuations, a firm may need to frequently adjust the volume of procurement and even
modify the design of its product. This entails additional coordination tasks to com-
municate with suppliers about the changes in order volume and the modified design
of parts that constitute the product [8]. The need for closer coordination may lead the
firm to use fewer suppliers. We thus expect a negative relationship between demand
uncertainty and the number of suppliers.

Industry Concentration. Industry concentration is a key element of market structure
[32]. An increasing concentration in the buyer firm’s industry reduces the pool of
potential buyers, which might imply a larger pool of potential suppliers for each in-
dividual buyer. Therefore, the number of suppliers that a buyer employs may become
greater as the firm’s industry becomes more concentrated. On the other hand, firms
in less-concentrated industries have lower bargaining power, which would motivate
them to increase their supplier pool in order to avoid the small numbers bargaining
situation [26]. As such, industry concentration might impact number of suppliers, but
a priori the direction of impact is not clear.

IT Environment

As we seek to analyze the role of IT in supply-chain structure, we need to control for
the environment in which IT is deployed. This includes both the firm’s IT systems and
those of its suppliers. IT environment may influence the external coordination costs
relative to the internal production costs and also the specificity of [T investments.
These factors in turn may affect the number of suppliers, as discussed below.

Internal IT. In a manufacturing setting, a firm’s internal IT consists of systems to
manage internal material flow and digitize internal production processes, including
material requirements planning (MRP), enterprise resources planning (ERP), shop
floor management, and production planning and forecasting [4]. These systems help
improve internal information flow, increasing both the efficiencies and the quality
of the internal operations {53]. As a result, internal production may substitute for
external sourcing [10]. Meanwhile, the improved internal information flow may also
enhance information exchange with suppliers [53]. For example, ERP can help identify
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raw materials and components that need to be replenished and automatically trigger
electronic ordering systems [7]. Furthermore, since the production processes are
standardized and centralized via ERP, the possibility of releasing wrong orders (e.g.,
wrong part codes or obsolete parts) can also be reduced {5]. n this regard, internal
IT also reduces external coordination costs, favoring the use of more suppliers. Given
that these effects (lower internal production/coordination costs versus lower external
coordination costs) will have opposite effects, we include internal [T as a control, but

a priori its net etfect is not clear.

Supplier Use of Compatible Technologies. In our research setting, this is defined as the
number of suppliers that are using compatible 1T systems for electronic transactions
and information sharing. Greater use of compatible technologies by suppliers reduces
the marginal coordination cost, as I'T connections with suppliers can be made more
easily, thus favoring working with more suppliers [37]. In contrast, when there are
only limited suppliers with compatible systems, the firm must make more extensive
efforts to link up each supplier, adding to investments and coordination costs and thus
favoring working with fewer suppliers [48, 49].

Skill Requirement. Finally, using IT to coordinate with suppliers may require the firm
to acquire or develop additional technical and managerial skills [1]. Such skill require-
ments lead to the development of specialized human capital to support electronic
transactions, which is another dimension of transaction-specific assets [48]. As skill
requirements increase, it is thus expected to increase coordination costs and decrease

the number of suppliers.

Data and Variables

Data

To TEST THE HYPOTHESES PROPOSED ABOVE, we conducted an empirical study. Our data
were collected from two sources, a primary survey and the Compustat database. We
conducted a firm-level survey to obtain information about e-procurement volume,
number of suppliers, buyer-supplier systems integration, internal IT, and suppliers’
use of compatible technologies. Data from Compustat were used to measure firm scale
and scope and industry characteristics.

In the survey, e-procurement was defined as “purchasing materials and parts for
production on the Internet or through EDL” the two major platforms for e-procurement
in industry [41]. We focused on the manufacturing industry. because manufacturing
firms deal with physical products and have widely used e-procurement [4, 42]. In ad-
dition, confining the survey within a single industry helps eliminate the influences of
other industry-specific factors that otherwise could confound the results.

The survey questionnaire was designed based on a comprehensive literature review
and interviews of managers. We tailored the survey questions to manufacturing firms
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and refined the questionnaire via several rounds of pretests and revisions. An expert
panel reviewed each of the items on the questionnaire for its content, scope, and pur-
pose to ensure content validity. We also performed pilot tests with eight firms. After
revising the questionnaire based on the feedback from the expert panel and the pilot
test, the survey was conducted during June-July 2005 using computer-aided telephone
interviews. The sample framework was obtained from the Dun & Bradstreet Database,
a list source representative of the entire U.S. manufacturing industry. For our research
purpose, we added a screening question at the beginning of the survey to filter out
firms that did not purchase through e-procurement. We chose director/vice president
of procurement as targeted respondents, because they were best qualified to answer
questions about the number of suppliers and the volume of e-procurement. We used
random sampling to minimize potential biases. Our final data set includes 150 firms,
with a response rate of 32 percent.

After we received the data set, we checked for consistency of the data and any
potential bias on key variables such as size. We found that distribution of firm size
reflected a balance of large and small firms. We compared responses from early and
late interviews using analysis of variance (ANOVA) and Kolmogorov—Smirnov test.
Overall, the results indicated no systematic differences between the two groups. They
also did not differ in sales and the number of employees according to ANOVA. These
results suggested no significant bias caused by the data collection process. Finally,
we examined nonresponse bias and did not find statistically significant differences in
terms of sales and the number of employees. Table 2 shows sample characteristics. All
of our variables are defined below, and the summary statistics are shown in Table 3.

Dependent Variable

In(#SUP)

In(#SUP) is the number of suppliers that a firm was using (#SUP), which was log-
transformed to reduce data variation.

Independent Variables

EPCUS

EPCUS is the percentage of custom parts and materials for production that were
purchased via e-procurement. This variable, adapted from prior research [7, 42, 45],
reflects the volume of transaction via e-procurement in relative to total online and
offline procurement.

EPSTD

LPSTD is similarly the percentage of standard parts and materials for production that
were purchased via e-procurement.
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Table 2. Sample Characteristics (N = 150)

Characteristics Category Frequency Percent
industry Industrial machinery and
computer equipment (SIC = 35) 35 233
Electronic equipment (SIC = 36) 32 213
Instruments, medical and
optical goods (SIC = 38) 22 14.7
Transportation equipment (SIC = 37) 17 11.3
Others (SIC = 22, 23, 25-28, 30, 31,
34, 39) 44 29.4
Annual sales (mean = 1,435, median = 102, standard deviation = 5,415)
(in million $US) <10 14 9.3
1049 27 18.0
50-199 34 227
200-999 26 17.3
> 1,000 26 17.3
Missing 23 153
Number of {(mean = 6,192, median = 533, standard deviation = 18,039)
employees <100 22 14.7
100499 34 227
500-2,999 35 23.3
> 3000 34 227
Missing 25 16.7
Number of (mean = 612, median = 125, standard deviation = 1,384)
suppliers <49 36 23.9
50-149 34 227
150299 28 18.7
300999 20 13.3
> 1,000 23 15.3
Missing 9 6.0
SeCUSGOODS

G CUSGOODS is the share of custom goods in all parts and materials for production.
Then, we computed the following variable:

EPTOT = %CUSGOODS x EPCUS + (1 - %CUSGOODS) x EPSTD.

This represents the percentage of e-procurement for all purchases.

BSSI
Buyer—supplier systems integration was measured by the degree to which the buyer

firm’s IS are integrated with those of suppliers. This operationalization follows previous
research on buyer-supplier integration in the supply-chain context {41, 43].
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Control Vanables

In(SALES)

Annual sales was used as a proxy for firm scale and was log-transformed to reduce

data variatnon [10].

ENTROPY
Firm scope was measured by the entropy measure [29]). Suppose a firm has V industry
segments. indexed by i. Let « = (the firm’s sales in industry /)/(the firm’s total sales).

Scope 1s measured as

ENTROPY =¥ Y o In(1/a,).

We obtained information about firms” segment sales from Compustat,

UNCER_DIF

We measured demand uncertainty as follows [21]. Using data from Compustat, we
computed the total sales in an industry (three-digit SIC sector) during the past 15 years
(19902004, in 1990 constant dollars), denoted as S (r=1990, 1991, ..., 2004). The
standard deviation of the first difference of the time series In(S) was used to proxy

for demand uncertainty.

HHI

The Herfindahl-Hirschman index (HHI) was used for industry concentration, the sum
of the squares of the market shares of all firms in the three-digit SIC industry {32].

INTERNALIT

A firm’s internal IT was measured by four items: whether the firm had MRP, ERP,
shop floor management, and production planning and forecasting in use, Factor scores
(UNTERNALIT), obtained based on the four items through principal component analysis,
were used to gauge internal I'T.

SUPTECH

Supplier use of compatible technologies was measured by two items: the degree to
which existing suppliers process orders through the Internet and the degree to which
existing suppliers process orders using EDI. Factor scores (SEUPTECH) based on the
two items were used to represent the degree to which compatible technologies had

been installed by suppliers tor ¢e-procurement.
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SKILLREQ

Skill requirement was measured by two items: difficulty of finding staff with skills
of managing Internet-based procurement and difficuity of finding staff with skills of
managing EDI. Factor scores (SKILLREQ) based on the two items were used to tap
the difficulty of acquiring needed skills for conducting e-procurement.

Results

Results of Hypothesis Testing

WE CONDUCTED MULTIVARIATE REGRESSION ANALYSIS to investigate the relationship be-
tween the number of suppliers and the independent variables, controlling for firm- and
industry-level characteristics. We estimated the following regression equations to test

our hypotheses:

IN(#SUP) = 8, + B,EPTOT + B,BSSI + B.BSSI - EPTOT
+ B,In(SALES) + B,ENTROPY + B, UNCER_DIF + B, HHI ()
+ B, INTERNALIT + B, SUPTECH + B, SKILLREQ

In#SUP) = B, + B,EPCUS + B.EPSTD + P BSSI + B_BSSI - EPCUS
+ B,BSSI - EPSTD + B In(SALES) + B,ENTROPY + 8, UNCER_DIF ~ (2)
+ B, HHI + B INTERNALIT + B SUPTECH + B SKILLREQ.

where all variables are as defined in the previous section. We estimated regressions of
In(#SUP) against e-procurement and buyer—supplier systems integration (BSS/). Equa-
tion (1) treats e-procurement at aggregation (EPTOT), while Equation (2) distinguishes
the procurement of standard goods versus custom goods (EPCUS, EPSTD) separately.
To evaluate the moderation effects as proposed earlier, we included interaction terms
between e-procurement and buyer-supplier systems integration as independent vari-
ables [3]. We also controlled for firm scale and scope, industry characteristics, and
[T environment.

The results are shown in Table 4. As shown in column (1), the coefficient of EPTOT
is nonsignificant, suggesting that e-procurement at aggregation has no significant rela-
tion to the number of suppliers. Column (2) breaks e-procurement in two categories,
purchasing custom goods versus standard goods. The coefficient of EPCUS is positive
and significant, whereas the coefficient of EPSTD is negative and significant. These
results indicate that in the context of purchasing custom goods, e-procurement is
posttively related to the number of suppliers. In contrast, in the context of purchas-
ing standard goods, e-procurement is negatively related to the number of suppliers.
When the analysis aggregates data for standard and custom goods, there is no support
for either of the two competing hypotheses proposed in H1. When the type of goods
purchased is taken into consideration, the empirical evidence supports our theoreti-
cal expectation on how e-procurement may relate to the number of suppliers (H2 and
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H3). This underscores the importance of distinguishing the types of products under
e-procurement.

Column (3) of Tuble 4 includes moderation effects of buyer—supplier systems in-
tegration. It shows a significant and negative interaction between BSS/ and EPCUS,
suggesting that buyer-supplier systems integration negatively moderates the relation-
ship between the number of suppliers and e-procurement for purchasing custom goods.
This 1s expressed mathematically as

INHSUPYIEPCUS = 0.23 - 0.20 x BSSI, (3

which indicates that, for purchasing custom goods, e-procurement is associated with
an increase in the number of suppliers, but this increase is limited by stronger buyer—
supplier systems integration. In contrast, the interaction term between BSSIand EPSTD
is nonsignificant in the context of purchasing standard goods. These results support
our hypotheses about the moderation effects ot buyer—supplier systems integration
(H4 and HS).

Column (4) of Table 4 presents our full model, including all controls. Compared
to columns (2) and (3), the results are qualitatively robust. Column (5) estimates the
interaction effect between BSSI and EPTOT. which turns out to be nonsignificant.
A plausible explanation is that, since buyer—supplier systems integration plays a
significant moderating role only for custom goods, there is no significant moderation
etfect on the overall e-procurement. It is possible that information is lost as measures
are aggregated. Column (6) excludes the nonsignificant controls in column (4). The
significance levels of all coetficients in column (6) are consistent with the results in
column (4) and no significant coefticients change in sign. Thus. our empirical results
seem robust.

Among the controls, IN(SALES) has a significant coefficient in all regressions.
This is intuitive in that large firms in general have more suppliers. The coefficient of
ENTROPY is positive but not statistically significant. This may be due to the positive
correlation between scale and scope (0.55), which weakens the statistical significance
of ENTROPY (given that scale has been controlled for).

Demand uncertainty (UNCER_DIF) has a significant and negative coefticient, which
is consistent with our theoretical expectation that coordination costs increase and the
number of suppliers decreases with demand uncertainty. As discussed earlier, industry
concentration may have positive or negative influences. Here we find a nonsignificant
coefficient of HHI.

Within an IT environment, INTERNALIT has a significant and positive coefficient.
As theoretically predicted. internal IT can reduce both internal production costs and
external coordination costs. Our results show that, on balance, internal IT is associated
with using more suppliers. The other two controls for IT environment, SUPTECH
and SKTLLREQ, are nonsignificant. It might be the case that compatible technologies
have been increasingly diffusing in industry and it is becoming less difficult to hire
[T professionals to manage e-procurement systems. As a result. these two variables
do not contribute significantly to the variance in the size of the supplier base.
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Robustness Check

Regression Diagnostics

We assessed the regression assumption that error terms follow a normal distribution,
in particular in finite samples [23]). According to the Jarque-Bera test [31], our sample
does not violate the normality assumption. We evaluated the influence of multicollinear-
ity by checking the Belsley—Kuh-Welsch (BKW) index [23]. In each of the regressions
in Table 4, the BKW index is below 4, suggesting no harmful multicollinearity {23].
We also conducted post hoc statistical power analysis [6]. Following the procedure
described by Cohen [15] and using 0.05 as the cutoff for type I error, we found that
the statistical power in each of the regressions in Table 4 is above 0.8, the conventional
cutoff recommended for IS research [6]. Finally, in all of our regressions, we used a
heteroskedasticity-robust variance estirnator.

Moderation Effects

We assessed the robustness of the moderating effects by using another method, group
analysis [28]. Table 5 presents results of the robustness check for the full regression
model (column (4) in Table 4). We classified firms in our sample into three groups
based on the level of buyer-supplier systems integration: low level (BSSI < 3), me-
dium level (BSSI = 3), and high level (BSSI > 3). The analysis in Table 4 assumes that
the multiplicative interaction represents the pature of moderation; in contrast, group
analysis can be used to detect any other type of moderation relationship [28].

Column (1) of Table 5 models base etfects of e-procurement (represented by EPCUS
and EPSTD) and differential effects of e-procurement for the high-level BSSI group.
The differential effects indicate by how much the effects of e-procurement differ when
BSS1 is high compared to the base effects.” As shown in column (1), the base effects
of EPCUS and EPSTD are positive (0.37, p < 0.01) and negative (-0.24, p < 0.05).
respectively. When BSS1 is high, there is a significant and negative differential effect of
EPCUS (-0.58, p <0.05). These estimates indicate that EPCUS is positively related to
the number of suppliers, while the positive relationship decreases as BSS/ increases to
the high level. This is consistent with the finding in Table 4 that BSSI plays a negative
moderating role for custom goods. The differential effect of EPSTD is nonsignificant
when BSSI is high, also consistent with the result in Table 4.

Similarly, column (2) of Table 5 specifies ditferential effects of e-procurement in
both the medium-level and the high-level BSST groups. The results show a significant
and negative differential effect of EPCUS when BSS/ is high (-0.57, p < 0.05), while
no other differential effects are significant. Again, these results are consistent with
what we saw in Table 4.

Alternative Measures

Column (3) of Table 5 uses number of employees (log-transformed), Int EMP), as an
alternative proxy for scale. Column (4) uses another proxy for demand uncertainty,
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UNCER_OLS. constructed as follows [21]: the time series In(S ). defined earlier when
describing UNCER_DIF, was regressed on a constant and hinear trend:

IniS ) = constant + b - 1, (4)
where £ =1990. 1991, ..., 2004. The standard error of this regression ({UNCER_OLS)
was used to gauge demand uncertainty. Column (5) measures firm scope using the
Herfindahl index:

HERF=1-XY o, (5)

where ¢ is as defined carlier when describing ENTROPY. Column (6) measures
industry concentration using the four-firm concentration ratio CR4, defined as the
percentage of the total industry sules accounted for by the four largest firms in the
industry [32].

It is clear in Table 5 that using these proxy variables yields consistent coefficient
estimates. Thus, our results are robust to alternative measures.

Model Specification and Endogeneity

We estimated another model specification to further account for the “breadth™ of
e-procurement [39]. Our data set includes items indicating the numbers of suppliers
with whom a buyer uses e-procurement to coordinate exchanging product information
(SUPINFO). processing orders (SUPORDER). and managing order fulfillment (SUP-
TRACK). respectively. These items control for the breadth of e-procurement [39]. We
relate them to the number of suppliers, and find a positive and significant regression
coetficient on SUPINFO and nonsignificant coefficients on the other two variables.
The estimated coefticients on the remaining explanatory variables are qualitatively
unchanged.

We also tried to assess endogeneity to the extent possible within the limits of the data.
One may be concerned that e-procurement may be endogenous in our model as EPCUS
and EPSTD may be driven by some common factors at the firm level (such as a firm’s
capability of managing IT in general). [T use (e.g.. BSSI} may increase EPCUS and
EPSTD. As such, EPCUS may be endogenous; that is, a function of other independent
variables such as EPSTD and BSSI. We performed the extended regression version of
the Hausman specification test through a two-stage least squares (2SLS) regression
analysis. The results suggest that endogeneity does not seem to affect the primary
inferences drawn from Table 4.7

Finally, column (7 of Table 5 includes industry dummies as an additional test of robust-
ness, which does not change the sign or significance of any relationship in the model.

Discussion

Major Findings

OUR OBIECTIVE IN THIS RESEARCH 1S TO EMPIRICALLY TEST. in the context of e-procurement,
the relationship of [T use to the number of suppliers engaged by manufacturers, and
to incorporate two new factors: the nature of the product and the type of IT used. In
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doing so, this study adds new empirical evidence to the literature on IT use and firms’
choice on number of suppliers.

Our initial models (see columns (1} and (5) of Table 4) analyze the association of
e-procurement with the number of suppliers for all of a buyer’s purchases. We do not
find support for the argument that IT use will lead buyers to work with either fewer
or more suppliers as posited in our alternative hypotheses Hla and H1b. The lack of
significant results may be due to the difficulty of capturing dynamic relationships
with cross-sectional data. It also could be due to the fact that the refationship of IT to
the number of suppliers varies across different firms:* in an informed efficient market
for standard goods, there is little need for a buyer to set up competitive bidding; in
a custom goods market, a buyer may follow the “move to the middle” approach to
reduce opportunistic risks, or the use of I'T allows the buyer to coordinate with more
suppliers. As such, the relationship between IT and number of suppliers may not show
up at the aggregate level.

The latter interpretation is supported when we look at custom goods and standard
goods separately (column (2) of Table 4). For custom goods, e-procurement use is
associated with buying from a larger number of suppliers. This is consistent with
the argument that the ability to use IT to achieve better fit without a corresponding
increase in coordination costs is of greater importance for custom goods. In practice,
firms might use technologies to increase the number of vendors who compete to supply
custom goods; as a result, the number of suppliers goes up with increased IT usage.
It also is consistent with the argument that the risk of supplier opportunism is greater
for custom goods [8, 11], and firms may use IT to reduce that risk by increasing their
supplier base [26].

For standard goods, we find that greater use of e-procurement is associated with
using fewer suppliers. This can be explained by the fact that fit is not as important
tor standard goods, and the risk of opportunism is not as serious as buyers can more
easily find alternative suppliers; hence, the benefits of using more suppliers are lim-
ited. Rather than using IT to do business with more suppliers, buyers may search for
low-cost suppliers of standard goods and then concentrate their purchases with a few
selected suppliers to obtain volume discounts, which is becoming a popular practice in
supply-chain management [18]. These effects push in opposite directions for custom
and standard goods, which may explain why the results are nonsignificant when the
two are aggregated into one measure.

We also find that the relationship of IT to number of suppliers depends on the type
ot IS in use in the case of custom goods (columns (3) and (4) of Table 4). While
e-procurement is associated with using more suppliers, systems integration between
buyers and suppliers moderates that relationship, leading to buying from fewer suppli-
ers. This can be seen as evidence that buyers may use IT integration to achieve beiter
Jit (and tighter collaboration) with a smaller number of suppliers by sharing richer
information about product and process requirements.

This result confirms the observation that the manufacturing industry is moving
toward value-added networks with supply-chain partners, especially in the case of
custom inputs, where firms look to develop stronger partnerships with suppliers (as
Dell and Cisco Systems are doing). Such explicit coordination may lower transaction
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risks of using a small number of suppliers by enabling better monitoring, while also
increasing the marginal cost of coordination with additional suppliers, as more ex-
tensive [T integration is required [ 14]. Buyer—supplier systems integration also likely
requires noncontractible investments to develop and maintain system compatibility
as each partner’s systems are upgraded and evolve. Such investments can be encour-
aged if suppliers are given a large enough share ot the buyer’s business to provide an
adequate incentive.

Limitations and Future Research

The above findings have important implications for both management and research.
But before discussing the implications, it is appropriate to point out the limitations
of this work. First, our sample framework only covered manufacturing firms, which
limited the generalizability of our results. Another major industry sector that also uses
[T in buyer-supplier relationships is retail/wholesale distribution [53]. Future research
may cross-validate our model in the distribution sector.

Second, our analysis draws primarily upon the transaction costs perspective. We
chose this theoretical angle because previous conceptual studies suggest its useful-
ness for understanding the relationship between IT and number of suppliers [14, 37].
Nonetheless, the agency theory challenges the key assumption of the transaction costs
theory that managerial decisions, such as the choice of suppliers, are made to econo-
mize on transaction costs [30]. According to the agency theory, purchasing managers
normally possess asymmetric information about the supply chain that top manage-
ment may not know. Consequently, purchasing managers may act out of self-interest
at the expense of the firm's value, and as a result, the number of suppliers used by a
firm might deviate from the optimal number which minimizes transaction costs. This
calls for research on [T’s ability to reduce information asymmetry and I'T’s monitoring
function within a firm [24]. This leads to another line of future inquiry.

Third, due to the cross-sectional nature of the data set, we can only show associations
between e-procurement and number of suppliers. The lack of significant findings at the
aggregate level does not necessarily imply an absence of the effect at that level, but might
simply indicate the limitations of cross-sectional data. Our methodology also does not
allow us to explore the causal effects of [T or to completely rule out endogeneity in the
relationships identified. To more clearly disentangle causal relationships, tuture research
should develop measures to explicitly evaluate changes in namber of suppliers due to IT
use, and more or less use of IT due to number of suppliers.” Another direction for future
research is to conduct a longitudinal study, which can reflect the temporal changes in [T
use and the number of suppliers and also investigate the causal relationships between
them. It would be highly relevant to know how the namber of suppliers changes as IT
is being increasingly used in supply-chain management. In the extant literature, one
example of investigating causal effects of IT is the time-series model in Brynjolfsson
et al. {10]. which examines the causal linkages between IT and firm size. However,
to our best knowledge. information about number of suppliers is not available in any
publicly available databases. and collecting data across muitiple periods for the same
sample of firms will be a challenging task. But fongitudinal research should be useful
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to shed light on how firms, with the use of IT, adapt the way they govern economic
activities in supply chains that are becoming increasingly global.

Managerial Implications

The findings in this study are important for managers in the areas of supply-chain
management, procurement, and IS. These managers make decisions about the number
of suppliers to work with and the types of IT linkages to set up with those suppliers
{12]. Our findings show that there is no simple correlation between IT use and number
of suppliers. but that marfagers’ decisions must take into account the types of goods
being purchased and the nature of intra- and interorganizational IS employed. Ac-
cording to our results, for standard goods, managers should consider e-procurement
that enables them to identify low-cost suppliers and then concentrate purchases with
a smaller number of suppliers to get the best price and efficiency.

For custom goods, at least two options are viable. One is to use simple e-procurement
links with a larger number of suppliers to achieve better fit and reduce the risk of op-
portunism. Another is to invest in more extensive IT integration with fewer suppliers
to achieve better fit through richer information exchange and closer coordination. This
approach also creates incentives for suppliers to make noncontractible investments
that will enable them to better meet the buyer’s needs.

Which of these alternatives to choose may depend on several factors. For in-
stance, if most suppliers have strong IT capubilities, then adding suppliers through
e-procurement could improve fit at a relatively low marginal cost. But if supplier IT
capabilities are weak, it makes sense to work with fewer suppliers and invest in IT
integration to achieve better fit. Other factors also come into play in determining the
number of suppliers. There may be a limited number of suppliers with the capabilities
of providing the required custom goods; so the use of IT will not increase the pool of
potential suppliers. Or a firm might need t0 add a supplier to offer different features
or price points to its own product line, as Dell did when it added AMD as a supplier
of microprocessors, ending its exclusive relationship with Intel.

A general insight for managers from this study would be to consider carefuily the
relationship of I'T use and the optimal number of suppliers in terms of the costs and
other factors that are most important to their businesses. Broad recommendations
such as “develop partnerships with a small number of suppliers, supported by rich IT
links" or “use the Internet to find new suppliers to better meet your needs” may make
sense for some companies or some situations, and not others. Buyers must consider
the value of improved fit and lower coordination cost and the potential risk of supplier
opportunism, and how each of those might be changed by the use of e-procurement
or the depth of buyer—supplier systems integration.

Conclusion

To conclude. this study makes both theoretical and empirical contributions in under-
standing the relationship of [T use (o organization of economic activities along the
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supply chain, specifically the number of suppliers that buyers use. Prior research has
made conceptual arguments that I'T would lead to the use of either more or fewer sup-
pliers [2. 14, 37]. By testing these arguments quantitatively, we find that it is necessary
to distinguish between the types of goods being purchased and the nature of IT use.
These results shed new light as highlighted below.

First, the fact that we get opposite results for standard and custom goods is consistent
with the perspective that custom goods procurement involves more asset-specific sup-
plier refationships than standard goods, hence increasing the risk of opportunism in
a small numbers bargaining sitoation. This distinction has not previously been made
explicit, or tested empirically, in research on [Ts relation to number of suppliers. Our
results operationalize and test the distinction of custom and standard goods empiri-
cally and thus provide an important insight into the role of this dimension of asset
specificity 1o organizing supply-chain activities.

The interaction between e-procurement and buyer—supplier systems integration
shows that IT cannot be looked at as an undifferentiated input with uniform effects,
but that it is necessary to distinguish ditferent types of interorganizational systems in
modeling the effects of IT. Specifically, our analysis here shows that further differen-
tiation is needed to distinguish between transaction-oriented e-procurement systems
and deeper integration of buyer—supplier IS. In particular, deeper integration of buyer-
supplier IS can help buyers obtain better it for their custom input requirements. This
is an alternative to the approach to increasing fit through employing more suppliers
as proposed in the extant literature. At a higher level, these issues are important as
companies continue to seek the most efficient ways to reorganize their supply chains
in global operations, using IT to support ditferent types of supplier relationships that
match the type of goods procured.
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NorEs

[. This variable is in line with the concept of “EDI depth™ put forth by Massetti and Zmud
29} At the most sophisticated level of EDI depth, “trading partners ¢an directly access data
maintained within the computer-based systems of the other trading partner” {36, pp. 340-341].
The variable buyer-supplier systems integration in our research taps the degree to which trad-
mg partners’ IS are integrated together. High levels of such integration allow data exchange

hetween computer-hased 1S,
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2. The ditferential effects can be estimated by creating a dummy variable with value 1 for
tirms in the high-level BSSI group and value 0 otherwise, multiplying EPCUS and EPSTD by
the dummy, and then including the two products as additional regressors.

3. At the first stage of the 2SLS, EPCUS is explained by all the other independent variables
in Equation (2} and several additional variables (firm’s [T capability, percentage of products
that are built to order, and a dummy for the durable goods manufacturing sector). At the second
stage, we include the estimated residual of the first-stage regression as an additional regressor
in our regression equation. The regression coefficient on the estimated residual is nonsignifi-
cant, indicating that our model does not suffer from an endogeneity bias. To be conservative,
we still perform a second-stage regression where EPCUS is replaced by the forecast value for
EPCUS obtained from the first-stage regression. The estimated coctficients remain qualitatively
unchanged.

4. The authors thank an anonymous reviewer for this suggestion.

5. The authors thank an anonymous reviewer for this insight.

REFERENCES

1. Armstrong, C., and Sambamurthy, V. Information technology assimilation in firms: The
influence of senior leadership and IT infrastructures. Information Systems Research, 10, 4
(1999), 304-327.

2. Bakos, Y., and Brynjolfsson, E. Information technology, incentives, and the optimal number
of suppliers. Journal of Management Information Systems, 10, 2 (Fall 1993), 37-53.

3. Banker, R., and Slaughter. S. The moderating effects of software structure on volatility and
complexity in software enhancement. Information Systems Research, 11, 3 (2000), 219-240.

4. Banker, R.; Bardhan, I.; Chang, H.; and Liu, S. Plant information systems, manufacturing
capabilities. and plant performance. MIS Quarterly, 30, 2 (2006), 315-337.

5. Bardhan. L: Whitaker, J.; and Mithas, S. Information technology, production process
outsourcing, and manufacturing plant performance. Journal of Manugement Informarion $vs-
rems, 23, 2 (Fall 2006), 13-40.

6. Baroudi, J., and Orlikowski, W. The problem of statistical power in MIS research. MIS
Quarterly, 13, 1 (1989), 8§7-106. :

7. Barua, A.; Konana, P; Whinston, A.; and Yin, F. An empirical investigation of Net-enabled
business value: An exploratory investigation. MIS Quarrerly, 28, 4 (2004), 585-620.

8. Bensaou, M., and Venkatraman, N. Configurations of inter-organizational relationships:
A comparison between U.S. and Japanese automakers. Management Science, 41, 9 (1993),
1471-1492. '

9. Brown, J.S.; Durchslag, S.; and Hagel, J., III. Loosening up: How process networks unlock
the power of specialization. McKinsey Quarterly, Special Edition (2002), 59-69.

10. Brynjolfsson, E.; Malone, T.; Gurbaxani, V.; and Kambil, A. Does information technology
lead to smaller firms? Management Science, 40, 12 (1994}, 1645-1662.

H. Choudhury, V.; Hartzel, K.; and Konsynski, B. Uses and consequences of electronic
markets: An empirical investigation in the aircraft parts industry. MIS Quarrerly, 22, 4 (1998),
471--507.

12. Christopher, M., and Lee, H. Mitigating supply chain risk through improved contidence.
International Journal of Physical Distribution and Logistics Management, 34, 5 (2004),
388-396.

13. Clemons, E.K., and Row, M. Limits to interfirm coordination through information technol-
ogy: Results of a field study in consumer packaged goods distribution. Journal of Management
Information Svstems, 10, 1 (Summer 1993}, 73-95.

4. Clemons, E.K.: Reddi, S.; and Row. M. The impact of information technology on the
organization of economic activity: The “move to the middle™ hypothesis. Journal of Manage-
ment Information Systems, 10, 2 (Fall 1993), 9-35.

I5. Cohen. J. Staristical Power Analysis for the Behavior Sciences, 2d ed. Hillsdale, NJ:
Lawrence Ertbaum, 1988,

16. Cohen. M.; Ho. T.: Ren, Z.: and Terwiesch, C. Measuring imputed cost in the semiconduc-
tor equipment supply chain. Management Science, 49, 12 12003), 1653-1670.




HOW DOES INFORMATION TECHNOLOGY SHAPE SUPPLY-CHAIN STRUCTURE? 71

17. Dedrick. J., and Kraemer, K. The impacts of information technology on firm and indus-
try structure: The personal computer industry. California Management Review, 47, 3 (Spring
2005), 122-142.

18. Elmaghraby, W.J. Supply contract competition and sourcing policies. Manufacturing &
Service Operations Manugement, 2, 4 (Fall 2000), 350-371.

19. European Commission. The European E-Business Report—2006 Edition. Luxembourg:
Enterprise Publications, 2006.

20. Garicano, L., and Kaplan, S. The effects of business-to-business e-commerce on transac-
tion costs. Journal of Industrial Economics, 49, 4 (2001), 463485,

21. Ghosal, V. Demand uncertainty and the capital-labor ratio: Evidence from the U.S.
manutacturing sector. Review of Economics and Statistics, 73, 1 {1991), 157-161,

22. Granot, D., and So$ié, G. Formation of alliances in Internet-based supply exchange.
Management Science, 57, 1 (2005), 92-105.

23. Greene. W.H. Econometric Analysis, 4th ed. Upper Saddle River, NJ: Prentice Hall,
2000,

24. Gurbaxani, V., and Whang, S. The impact of information systems on organizations and
markets. Communications of the ACM, 34, 1 (1991), 59-73.

25. Hacki, R., and Lighton, J. The tuture of the networked company. McKinsey Quarterly,
3(2001), 26-39.

26. Hart, P, and Saunders, C. Power and trust: Critical factors in the adoption and use of
electronic data interchange. Organization Science, 8, 1 (Janvary-February 1997), 2342,

27. Hitt, L M. I[nformation technology and firm boundaries: Evidence from panel data. /n-
formation Systems Research, 10, 2 (1999}, 134-149.

28. Jaccard, 1.; Turrisi, R.; and Wan, C. Interaction Effects in Multiple Regression. Newbury
Park, CA: Sage, 1990.

29. Jacquemin, A., and Berry, C. Entropy measure of diversification and corporate growth.
Journal of Industrial Economics, 27, 4 (1979), 359-369.

30. Jensen, M., and Meckling, W. Theory of the firm: Managerial behavior, agency costs and
ownership structure. Journal of Financial Economics, 3, 4 (1976}, 305-360.

31. Judge, G.; Hill, R.; Griffiths, W.; Liitkepohl, H.; and Lee, T.-C. Introduction to the Theory
and Practice of Econometrics. New York: John Wiley & Sons, 1988.

32. Kamien. M., and Schwartz, N. Marker Structure and Innovarion. New York: Cambridge
University Press, 1982.

33. Kim, S., and Mahoney, J.T. Mutual commitment to support exchange: Relation-specific
[T system as a substitote for managerial hierarchy. Strategic Management Journal, 27, 5 (2006),
401423,

34. Kraemer, K.; Dedrick. J.; and Yamashiro, S. Refining and extending the business model
with information technology: Dell Computer Corp. Information Sociery, 16, 1 (2000), 5-22.

35. Lee, H.L., and Whang. S. The impact of the secondary market on the supply chain.
Management Science, 48, 6 (2002), 719-731.

36. Levy, S. The Perfect Thing: How the iPod Shuffles Commerce, Culture and Coolness.
New York: Simon & Schuster. 2006.

37. Malone, T.; Yates, I.; and Benjamin, R. Electronic markets and electronic hierarchies.
Communications of the ACM, 30, 6 (1987), 484-497.

38. Markus, M.L.; Steinfield, C.; Wigand, R.; and Minton, G. Industry-wide information
systems standardization as collective action: The case of the U.S. residential mortgage industry.
MIS Quarterly, 30, Special Issue (Summer 2006), 439-465.

39. Massetti, B., and Zmud. R.W. Measuring the extent of EDI usage in complex organiza-
tions: Strategies and illustrative examples. MIS Quarterly, 20, 3 (1996), 331-345.

40. Milgrom, P, and Roberts, J. Economics, Organization and Management. Englewood
Clitfs, NJ: Prentice Hall, 1992,

41. Mukhopadhyay, T., and Kekre, S. Strategic and operational benefits of electronic integra-
tion in B2B procurement processes. Management Science, 48, 10 (2002), 13011313,

42. Mukhopadhyay, T.; Kekre, S.; and Kalathur, S. Business value of information technology:
A study of electronic data interchange. MIS Quarterly, 19, 2 (1995), 137-156.

43. Rai, A.; Patnayakuni. R.; and Patnayakuni, N. Firm performance tmpacts of digitally
enabled supply chain integration capabilities. MIS Quarterly. 30. 2 (2006), 225-246.



72 DEDRICK. XU, AND ZHU

+4. Smith, M., and Brynjolfsson, E. Customer decision making at an Internet shopbot: Brand
st matters. Journal of Industrial Economics, 49, 4 (2001), 541-558,

45. Son, J.-Y.: Narasimhan, S.; and Riggins. F. Effects of relational factors and channel cli-
mate on EDI usage in the customer—supplier relationship. Journal of Management Information
Systemns, 22, 1 (Summer 2005), 321-353.

46. Sony, Matsushita cut suppliers. Wall Street Journal (August 19, 2003), C13.

47. Subramani, M. How do suppiiers benefit from information technology use in supply chain
relationships? MIS Quarterly, 28, 1 (2004), 45-73.

48. Williamson, O.E. Markets and Hierarchies. New York: Free Press, 1975,

49. Williamson, O.E. Transaction-cost economics: The governance of contractual relations.
Journal of Law und Economics, 22, 2 (1979). 233-261.

50.Yao. Y.: Evers, P.; and Dresner, M. Supply chain integration in vendor-managed inventory.
Decision Support Systems, 43, 2 (2007), 663-674.

51. Zaheer, A., and Venkatraman, N. Determinants of electronic integration in the insurance
industry: An empirical test. Management Science, 40, 5 (1994), 549-566.

52. Zhu, K. Informaution transparency of business-to-business electronic markets: A game-
theoretic analysis. Management Science, 50, 5 (2004). 670-685.

53. Zhu, K., and Kraemer, K. Post-adoption variations in usage and value of e-business by
arganizations: Cross-country evidence from the retail industry. Information Svstems Research,
16, 1 (2005), 61-84.

54. Zhu, K.: Kraemer. K.: and Xu, S.X. The process of innovation assimilation by firms in
different countries: A technology diffusion perspective on e-business. Management Science,
52, 10(2006), 1557-1576.



