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ABSTRACT: Organizing and maintaining a competent and flexible supply chain is a
major challenge to manufacturers in today’s increasingly competitive and uncertain
environments. Virtual integration represents the substitution of ownership with part-
nership by integrating a set of suppliers through information technology (IT) for tighter
supply-chain collaboration. From the systems and control perspectives, this study
develops a theory of virtual integration with an empirical model to examine the role
that virtual integration plays in facilitating manufacturers to achieve greater manu-
facturing flexibility and comparative cost advantage. Based on a survey of Taiwanese
manufacturing firms, our results show that environmental uncertainty tends to moti-
vate manufacturers to increase their manufacturing flexibility, with both virtual inte-
gration and supplier responsiveness playing a vital enabling role. The results
demonstrate the importance of supplier responsiveness for manufacturers to gain manu-
facturing flexibility and comparative cost advantage in supply-chain operations. En-
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vironmental uncertainty, thus, might first appear as a threat to a manufacturer, but
with the help of IT and more responsive suppliers, such a threat could be transformed
into a competitive edge, as reflected in the manufacturer’s higher levels of manufac-
turing flexibility and comparative cost advantage.

KEY WORDS AND PHRASES: competitive advantage, environmental uncertainty,
interorganizational information systems, structural equation modeling, supply-chain
management.

THE STUDY OF MANUFACTURING FLEXIBILITY has long been a central theme in the
information technology (IT) and operations management literature [7, 20, 37, 67, 78],
as it is an important capability to survive in hyper-competitive industries [22]. Many
studies have examined the impacts of the external environment on firms’ manufactur-
ing strategies, organizational characteristics, and technology adoption practices [7, 52,
74], which all are ways to achieve higher manufacturing flexibility. Virtual integration
allows a firm to substitute ownership with partnership by integrating a set of suppliers
through IT for tighter collaborative operation execution and process planning and con-
trol [19, 47]. Vertical integration has been proposed as a useful governance structure
for countering environmental uncertainty through reduced price uncertainty and lower
transaction costs, but it also can result in low flexibility and incur additional adminis-
trative and production costs associated with required adaptability [11, 39, 41]. In con-
trast, market transactions and outsourcing have also been recognized as an alternative
for firms to achieve manufacturing flexibility by leveraging production capacity, short-
ening the learning curve, reducing risks, and expanding the firm’s resource base through
collaboration with qualified suppliers [35]. Although interfirm collaboration seems to
satisfy a firm’s adaptation needs in a dynamic environment [36, 39], it may actually be
more costly than vertical integration. We propose virtual integration as an alternative
governance mechanism, which can achieve both manufacturing flexibility and cost
advantage by increasing internal and external control.

Virtual integration is similar to vertical quasi-integration in lean supply, which
offers the benefits that it was assumed vertical integration should provide [6, 18, 36].
Clemons et al. [19] argue that the combination of reduction of coordination cost and
transaction risk will lead to partnership outsourcing, and thus the emergence of elec-
tronic hierarchies, rather than market outsourcing; the same results are also suggested
by the theoretic work of Malone et al. [42]. Outsourcing may reduce the influences of
environmental uncertainty facing firms, but it can also generate a new demand for
ensuring flexible, smooth, and well-coordinated operations with suppliers [27, 71].
Consequently, the management of external suppliers becomes an important source of
firm competitiveness [61], and IT-enabled integration probably is the most effective
and efficient mechanism [40].

This study develops and tests hypotheses regarding the relationships between vir-
tual integration and flexibility and cost advantage in uncertain environments. We con-
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tribute to the literature by theorizing and empirically testing the critical role of virtual
integration in mediating the effect of environmental uncertainty and in enabling sup-
plier responsiveness in a supply chain, and the resultant manufacturing flexibility and
cost advantage of the buyer. Our empirical findings corroborate our theoretical model,
highlighting the importance of virtual integration in supply-chain operations.

Theoretical Background and Model

THE STUDY OF FLEXIBILITY HAS BEEN CRITICIZED as lacking a substantial theoretical
foundation [23]. Yet several preliminary theoretical works still provide us with in-
sights into the relationship between environmental uncertainty and flexibility (e.g.,
[72]).

Flexibility at the Firm Level

The open systems view suggests that a manufacturer seeks to handle uncertainty as an
input from its environment and then generates flexibility as a competitive advantage
in the environment [23]. (See Figure 1.) A manufacturer’s adaptability represents its
insensitivity to the control influences originated from its environment: manufactur-
ing flexibility is a way to achieve control [72]. For example, Sanchez [57] suggests
that a manufacturer with resources and coordination flexibility is better prepared for
an uncertain future and enjoys the benefits of flexibility in competition.

The primary source of environmental uncertainty facing manufacturers is demand
volatility, which tends to be distorted and amplified along a supply chain, a phenom-
enon commonly called the Forrester effect or the bullwhip effect [38]. The bullwhip
effect might be caused by a manufacturer’s behaviors responding to demand forecast
updating, order batching, price fluctuations, and rationing and shortage gaming [38].

Another source of environmental uncertainty facing firms is industry clockspeed,
which also tends to be amplified along a supply chain [25]. Clockspeed amplification
describes the fact that manufacturers face a remarkable decline in the price/perfor-
mance ratio and compression of product life cycle as they are situated closer to the
consumer end of the supply chain [46]. As the rates of change in an industry increase—
especially changes in technology, consumer preferences, and competition—so does
the clockspeed of the industry. To compete, firms in such an industry need to adjust the
speed of their internal operations to meet the accelerating external clockspeed [46].

Flexibility can provide firms with greater ability to adapt to or accommodate envi-
ronmental uncertainty [20, 31]. Manufacturing flexibility, defined as a firm’s ability to
develop new products, handle a mix of products, and adjust production according to
demands effectively, can enhance a manufacturer’s performance in meeting its end
customers’ requirements speedily, which encompasses those areas where flexibility
can directly impact a manufacturer’s ability to serve customers. These include product
flexibility, volume flexibility, mix flexibility, launch flexibility, and responsiveness to
target markets [37, 71]. The underlying rationale connecting manufacturing flexibility
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Figure 1. The Manufacturer as a Controlled, Autonomous System

with environmental uncertainty is obvious, because the environment affects a firm’s
manufacturing strategy and its subsequent design and investment in operational tech-
nology, thereby shaping its manufacturing capabilities [74]. Regardless of whether the
firm is proactively or defensively investing in greater manufacturing flexibility, it may
design its organization to function more organically and invest in flexible technologies
for accommodating uncertainty [57, 67]. Thus, this study holds that manufacturers are
able and motivated to increase their flexibility in responding to uncertain environ-
ments [13].

Hypothesis 1 (The Uncertainty—Flexibility Hypothesis): The greater the environ-
mental uncertainty faced by a manufacturer, the greater will be its manufactur-

ing flexibility.

Flexibility at the Supply-Chain Level

As demand volatility and industry clockspeed increase, which tend to be amplified
along the supply chain, a manufacturer can hardly compete effectively by only focus-
ing on internal flexible manufacturing competencies alone [78], and constructing and
maintaining a flexible and competent supply chain becomes critical. Supply-chain
integration, which makes the chain agile by obtaining timely feedback from suppli-
ers, becomes an important way for a manufacturer to deal with environmental influ-
ences. Because all systems are hierarchical in nature, any system can be considered as
a subsystem in some supersystem [1]. A focal manufacturer and its suppliers, there-
fore, are subsystems in their supply-chain system with self-referential interaction
patterns. (See Figure 2.) In such a system, a change in one element usually is coupled
with changes elsewhere, and these changes may create influences that go back to the
initial element [1, 23, 75]. The focal manufacturer can be viewed not only as a con-
trolled system but also an autonomous system, framing a dual control perspective
[23]. On one hand, a focal manufacturer within a supply chain seeks to resist or adapt
to the threats from the external environment by enhancing flexibility. On the other
hand, being an autonomous system, the supply chain evolves and seeks to absorb
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Figure 2. A Controlled-Flexibility Framework of a Supply Chain

environmental disturbances to create new orders. Therefore, the focus of our analysis
is directed toward the dimensions of a supply chain that can help the chain maintain
its identity by accommodating or counteracting threatening fluctuations [23]. High
flexibility within the supply chain corresponds to the extensive coordination and con-
trol capacities of the manufacturer with respect to its suppliers. We propose that two
critical supply-chain characteristics influence supply-chain flexibility: virtual inte-
gration and supplier responsiveness, as depicted in Figure 2.

Virtual Integration in Supply Chains

From the dual control perspective [23], the internal flexibility offered by a controlled
system focuses on creating a hierarchical composition of loosely coupled subsystems
to facilitate its adaptability. A supply chain’s subsystems possess some unique proper-
ties of stability to realize effective independent reactions, which keep disturbances lo-
cal. So the supply-chain system as a whole will be less sensitive to local environmental
changes. In the case of an autonomous system, the external flexibility is created for
enhancing its capacity to influence environment. Vertical integration is an example of
changing external structures for input or demand uncertainty control [23]. However,
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vertical integration also may create inflexible structures at the risk of losing asset value
and firm capabilities as circumstances change [66, 72]. To achieve both internal and
external flexibility, virtual integration will enable a manufacturer to gain more control
over the environment without having to exert ownership control over its suppliers.

Virtual integration here captures the extent to which trading partners use IT to imple-
ment two aspects of vertical coordination and control in the supply chain: collabora-
tive operation execution and collaborative process planning and control [47].
Collaborative operation execution refers to the extent to which IT facilitates common
operations between supply-chain partners, such as purchasing, production, and logis-
tics operations, while collaborative process planning and control represents the extent
to which IT is used to support collaborative decision making and performance control
by the partners. With greater information processing and communication capabilities,
as well as better control and feedback mechanisms provided by IT, trading partners
are able to achieve greater interfirm collaboration without common ownership [9, 16].
Because IT can facilitate timely interfirm joint decision making and coordination, its
proper applications should give manufacturers greater ability to manage their supply-
chain operations, and control and coordinate with suppliers [31, 43].

Virtual integration creates an ability on the part of the firm to effect better process
control and also to manage demand volatility better [43], allowing manufacturers to
substitute “information for inventory” and thereby improving resource utilization for
both manufacturers and suppliers [24, 54, 73]. Thus, virtual integration can be seen as
a strategy to reduce the influences of environmental uncertainty by improving inter-
firm information processing, coordination, and control [28, 43]. Consequently, it is
suggested that virtual integration will be more likely to be observed when firms oper-
ate in uncertain environments.

Hpypothesis 2 (The Environmental Uncertainty Hypothesis): The greater the envi-
ronmental uncertainty faced by a manufacturer, the greater will be the extent to
which it is virtually integrated with its suppliers.

Supplier Responsiveness in Supply Chains

Supplier responsiveness is a local adaptation concept, reflecting the extent to which a
supplier meets customer requirements in procurement and supply operations [15].
Manufacturers try to increase their control through collaboration with suppliers to
make them more responsive, thereby also making the manufacturers responsive to
environmental changes. The ability of manufacturers to control suppliers will increase
when the manufacturers adopt practices such as operational collaboration and rela-
tionship building. Consequently, it is expected that manufacturers will apply more
such practices for tighter coordination with their suppliers under a more uncertain
environment, leading to greater supplier responsiveness.

Hypothesis 3 (The Uncertainty—Supplier Hypothesis): The greater the environ-
mental uncertainty faced by a manufacturer, the greater will be the degree of its
suppliers’ responsiveness.
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To deal with process-oriented problems (e.g., throughput variance control), suppli-
ers have to coordinate with buyers to obtain information concerning demand pat-
terns, inventory buffers, and production capacity. To ensure proper interfirm
performance control and operational integration, knowledge embedded in the work-
ing practices of supply-chain partners also needs to be sufficiently shared [30]. Vir-
tual integration can be regarded as an integration mechanism for partners to exchange
information for effective interfirm learning and mutual adaptation [60]. Of course,
the tacit nature of knowledge prohibits its direct translation into digital form, but the
transferability of tacit knowledge between supply-chain partners can nonetheless be
improved through frequent interactions facilitated by IT. Because joint actions and
planning and resource sharing are all information-intensive activities requiring sub-
stantial interfirm coordination, learning, and adaptation, virtual integration should be
useful in increasing trading partners’ capabilities for handling such activities. With
integrated information systems (IS) to synchronize material flows, suppliers can more
dynamically react to messages from their customers and adjust to customer requests
[63]. An electronically integrated supply chain allows the suppliers to have greater
downstream visibility, thus giving them greater ability to meet downstream manufac-
turers’ varying market conditions.

Hypothesis 4 (The Supplier Responsiveness Hypothesis): The greater the degree
that a manufacturer is virtually integrated with its suppliers, the greater will be
the extent of its suppliers’ responsiveness.

Supply-Chain Competitiveness

Flexibility is the most important capability against environmental uncertainty, but it
may also require much cost for a firm to realize this capability. Manufacturing flex-
ibility and cost advantage are two major competitive goals for manufacturers to pur-
sue [75]. Fisher [26] proposes that supply-chain management actually manages two
distinct costs: physical costs (e.g., manufacturing, transport, and cycle stock cost) and
market mediation costs (e.g., safety stock, markdowns, and lost sales). Market media-
tion costs predominate in uncertain environments, as the matching of supply and
demand is more difficult [26, 33]. A manufacturer may perform well in handling
physical costs, but it needs to coordinate with its suppliers to reduce market media-
tion costs by controlling uncertain market environments. Hence, for creating cost
advantage as well as manufacturing flexibility, virtual integration and supplier re-
sponsiveness are two important enablers within the supply-chain system [31].

The major advantage that virtual integration can bring about for managing a supply
chain is enhanced visibility [2]. With seamless information channels connected to
suppliers, and thus a high level of supply-chain visibility, manufacturers can more
easily track variations in production, product quality, inventory levels, and delivery
capability of suppliers. By receiving such information in a more timely way, manu-
facturers can plan and adjust their own operations more rapidly, and thereby achieve
greater adaptability to any unexpected events caused by suppliers. On the other hand,
by providing suppliers with timely information regarding their own changes of plan,
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manufacturers also allow their suppliers to adjust themselves to such changes more
rapidly. Besides, virtual integration is critical to the implementation of certain manu-
facturing practices regarded as important in increasing manufacturing flexibility. For
example, van Hoek [69] empirically demonstrates the important role of IT in facili-
tating postponed manufacturing. This study holds that a manufacturer’s manufactur-
ing flexibility should be significantly affected by the extent to which its processes and
decision-making activities are electronically linked with its suppliers.

Hypothesis 5 (The Manufacturing Flexibility Hypothesis): The greater the de-
gree that a manufacturer is virtually integrated with its suppliers, the greater will
be its manufacturing flexibility.

Virtual integration also can help manufacturers achieve a low-cost advantage in
terms of efficient resource utilization in production and supply-chain operations [17,
32]. Through appropriate IT investments and usage, supply-chain costs can be low-
ered, speed of feedback and error correction can be increased, agility of supply-chain
operations can be improved, and relationships between trading partners can be en-
hanced. As such, existing bottlenecks in the supply chain can be removed and vari-
ability of production flows leveled. According to the theory of swift, even flow,
improvements in procurement/production processes can, in turn, lead to better manu-
facturing performance such as reduced production cost [59]. Thus, with virtual inte-
gration, the performance of a manufacturer’s production function and supply-chain
operations can be greatly improved, due to the elimination of waste in time, inven-
tory, and transportation [24, 44].

Hypothesis 6 (The Cost Advantage Hypothesis): The greater the degree that a
manufacturer is virtually integrated with its suppliers, the greater will be its cost
advantage compared to competitors.

A manufacturer, as a component system in a loosely coupled system, is influenced
by its suppliers based on some patterns of interaction. Supplier responsiveness, as
one of the manufacturer’s flexible manufacturing resources [53], may significantly
affect how quickly the manufacturer can react to new market conditions. Thus, with
effectively coordinated and responsive suppliers, a manufacturer can avoid many
operational problems, including the delay of orders, lower quality, high in-transit
process inventories, long customer lead times, and product obsolescence [47, 61].
Consequently, we believe that supplier responsiveness should have beneficial effects
on a manufacturer’s manufacturing flexibility.

Hypothesis 7 (The Supplier—Flexibility Hypothesis): The greater the degree of
responsiveness of a manufacturer’s suppliers, the greater will be its manufactur-

ing flexibility.
Moreover, many studies have demonstrated that supplier responsiveness is an im-
portant determinant of buyers’ purchasing performance. For example, Stanley and

Wisner [64] suggest that a supplier’s service quality can directly affect the quality
performance of its buyers’ purchasing function. Of course, the quality performance
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of a buyer’s purchasing function can, in turn, impact its operational performance
considerably. Because industrial firms on average spend more than half of every sales
dollar on purchased products, supplier responsiveness should have significant impact
on the cost structure of manufacturers [68]. Indeed, more responsive suppliers allow
their buyers to react to market changes more rapidly, thus reducing the risk of produc-
ing outdated products or holding devalued inventories. Thanks to supplier respon-
siveness, early identification and resolution of production problems can be more easily
achieved, giving manufacturers greater ability to contain their costs.

Hypothesis 8 (The Supplier—Cost Advantage Hypothesis): The greater the de-
gree of responsiveness of a manufacturer’s suppliers, the greater will be its cost
advantage compared to competitors.

Table 1 provides a summary of the hypotheses, including the name, antecedent, and
outcome of each hypothesis.

Methodology

Survey Procedure

A CROSS-SECTIONAL MAIL SURVEY WAS ADMINISTRATED for collecting data from ran-
domly selected large and medium-sized manufacturing firms in Taiwan. A draft sur-
vey was developed largely based on measures that were identified in the literature as
suitable for the current study. After compiling an English-language version of the
questionnaire, the survey items were first translated into Chinese by a bilingual re-
search associate. The survey items were verified and refined for translation accuracy
by a management information systems (MIS) professor and two senior doctoral stu-
dents. The Chinese version of the draft was then pretested with 18 senior managers
(including purchasing, operation, sales, marketing, and IS managers, and CEOs) for
face and content validity, resulting in modifications of the wording of some survey
items. We randomly selected 980 manufacturing firms from the Year 2000 directory
of the Top 5000 Largest Firms in Taiwan, published by China Credit Information
Services Ltd., and then the final version of the survey was distributed to the senior
operations manager of these firms. Because the operation function plays a critical
role in any manufacturing firm and its senior managers should also have a good un-
derstanding of the conditions in both sales and manufacturing, we believe that senior
operations managers should be the most knowledgeable and reliable informants within
a company to answer our survey.

Sample

After one follow-up mailing, 153 surveys were returned in total, with 149 having
completed data available for subsequent analysis, yielding an effective response rate
of 15.2 percent. Although the response rate is not high, it is still acceptable and com-
parable to other studies in supply-chain management (e.g., [56, 65]). We present the
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Table 1. Summary of Hypotheses

Hypothesis name Antecedent Outcome
Uncertainty—flexibility Environmental Manufacturing
hypothesis (H1) uncertainty flexibility
Environmental uncertainty Environmental Virtual
hypothesis (H2) uncertainty integration
Uncertainty—supplier Environmental Supplier
hypothesis (H3) uncertainty responsiveness
Supplier responsiveness Virtual integration Supplier
hypothesis (H4) responsiveness
Manufacturing flexibility Virtual integration Manufacturing
hypothesis (H5) flexibility

Cost advantage
hypothesis (H6)

Virtual integration

Cost advantage

Supplier—flexibility Supplier Manufacturing
hypothesis (H7) responsiveness flexibility
Supplier—cost advantage Supplier

hypothesis (H8)

responsiveness

Cost advantage

All the hypotheses postulate a positive relationship.

characteristics of the responding firms in Table 2. As the production value of the
computer and electronics industry has contributed one-third of Taiwan’s gross do-
mestic product, 34.2 percent of the respondents are from this industry. Metal, textile,
and automobile industries are around 10 percent in the sample. In addition, 46 per-
cent of the responding firms have assets of less than NT$1.2 billion, but firms with
fewer than 100 employees are scarce. Around 43 percent of the responding firms
have over 500 employees. Therefore, the sample consists of medium-sized to large
firms in Taiwan but with more medium-sized firms than large ones. The average num-
ber of years in the informants’ current position is 4.3. The informants also averaged
13.4 years in the firm. This indicates that informants are sufficiently knowledgeable
to answer the survey.

We conducted two statistical analyses to ensure the absence of nonresponse bias
[5]. We first compared the responding and nonresponding firms in terms of company
assets and number of employees. These are available from the 2002 Common Wealth
Magazine, and no significant differences between the two groups were found based
on the independent sample #-test (p = 0.17 and 0.32, respectively). Then, the respon-
dents were divided in half based on the dates of return. The comparison on company
assets and employee numbers between the two groups again showed no significant
differences based on the independent sample #-test (p = 0.13 and 0.12, respectively).
Accordingly, nonresponse bias should not be a problem in this study.
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Table 2. Demographic Characteristics of the Responding Firms (n = 149)

Percentage of firms

Industry
Automobile 8.7
Chemical 4.0
Computer and electronics 34.2
Food 4.7
Machine and tool 8.1
Mental 15.4
Textile 10.7
Others 14.2
Total assets (NT$)
Less than $0.8 billion 26.2
$0.8-$1.2 billion 20.1
$1.3-$2 billion 12.1
$2.1-$3 billion 13.4
$3.1-$5 billion 1.4
$5.1-$8 billion 5.4
$8.1-$10 billion 1.3
Over $10 billion 9.4
No response 0.7
Number of employees
Fewer than 100 2.0
101-500 53.7
501-1,000 20.1
1,001-3,000 15.4
Over 3,000 8.1
No response 0.7
Measures

Environmental Uncertainty (EU)

Demand volatility and industry clockspeed are the two main sources of environmen-
tal uncertainty encountered by companies in which the supply chain operates. De-
mand volatility reflects the variability and unpredictability of market demand. The
rate of decline in price and the freshness of the product line have been suggested to
have influences on industry clockspeed [45, 46]. We adopted items reflecting these
two sources of environmental uncertainty from Mendelson and Pillai [46] and van
Hoek [69].

Virtual Integration (VI)

We use prior literature on supply-chain integration as the basis for developing mea-
surement items corresponding to IT-based interfirm integration activities. The
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measurement items cover two aspects of interfirm collaboration: operation execution
and process planning and control, including order tracking, market information shar-
ing, production capacity coordination, inventory level coordination, support for ma-
terial or component design, and support for quality control [4, 29, 47, 49].

Supplier Responsiveness (SR)

We operationalized supplier responsiveness based on Carr and Smeltzer [15] by as-
sessing the extent to which a manufacturer perceives its suppliers as responsive to its
purchasing requirements. The focal aspects measured include material quality, mate-
rial delivery, material price, and flexibility in volume changes.

Manufacturing Flexibility (MF)

A consensus is still lacking regarding how manufacturing flexibility should be prop-
erly operationalized and numerous approaches have been proposed [7, 51]. The au-
thors focus on measuring different aspects of manufacturing flexibility relevant to the
effectiveness of supply chains. Such an approach has been suggested in prior studies
[8, 71]. Based on these works, we assess five important aspects of manufacturing
flexibility: product flexibility, volume flexibility, mix flexibility, launch flexibility,
and responsiveness to target markets. We operationalized product flexibility as a
manufacturer’s ability to develop or modify product designs rapidly. Volume flexibil-
ity is a manufacturer’s ability to operate efficiently at different levels of output. Mix
flexibility is a manufacturer’s ability to produce a widely varied product mix simulta-
neously. Launch flexibility is a manufacturer’s ability to launch new product designs
into production speedily. Responsiveness to target markets is a manufacturer’s ability
to respond to the needs of its target markets. This could also be considered as an
overall assessment of the manufacturer’s ability to satisfy market demands.

Cost Advantage (CA)

Cost advantage was operationalized based on Beamon [8] and Scannel et al. [58] by
assessing the extent to which a manufacturer’s cost performance is comparable to that
of its major competitors in the following aspects: production cost, inventory cost, and
distribution cost. Because the major cost dimensions relevant to supply-chain man-
agement are simultaneously measured, we believe that this variable should be indica-
tive of the resource utilization and operational performance of the supply chain.

Results

WE CONDUCTED THE DATA ANALYSIS IN TWO PARTS—measurement analysis and hy-
pothesis testing. Following Anderson and Gerbin’s [3] two-step approach, the mea-
sures were subjected to confirmatory factor analysis (CFA) and reliability tests to
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ensure that desirable measurement properties of the scales were present. Then, a struc-
tural equation model (SEM) was constructed for hypothesis testing. The software
package that we used for the statistical analyses was EQS for Windows.

Measurement Model

We first used CFA [10] to validate the measures [12]. Table 3 gives the results. The
model fit for CFA was reasonable, with a x> of 338.97 (degrees of freedom [df] =
199), a root mean square error (RMSE) of 0.07, and a comparative fit index (CFI) of
0.90. All loadings are of a reasonable magnitude and are significant at p < 0.01. This
pattern of strong loadings provided preliminary evidence of scale validity. Further,
the construct reliabilities were in a reasonable range, between 0.74 and 0.95. Except
for environmental uncertainty, the average variance extracted (AVE) of the remaining
constructs was greater than 0.5. In general, these results suggest acceptable unidi-
mensionality, internal consistency, and adequate reliability for these measures.

As shown in Table 4, none of the correlations between the constructs was suffi-
ciently high to jeopardize discriminant validity. To provide further evidence, we ran
an additional series of CFAs to assess discriminant validity. Where possible, for each
pair of the constructs, the fit of the CFA model with the interconstruct correlation
constrained to unity was compared with the fit of an unconstrained CFA model. x>
difference tests indicated that in each case, the unconstrained model provided a sig-
nificantly more accurate representation of the data, further demonstrating sufficient
discriminant validity among the constructs.

Structural Model

As shown in Figure 3, the overall model fit index CFI (0.90) and the y* degrees of
freedom ratio (1.70) show that our proposed model fits the data acceptably and the
nonnormed fit index (NNFI) is only slightly below the recommended 0.90 threshold
at 0.88. Also, except for virtual integration, the variance explained (R?) by the other
three endogenous variables is reasonable (R*> = 0.20), so most of the endogenous
variables are reasonably explained by the factors proposed in the study. So, we con-
clude that the overall model fit is acceptable and the path estimates can be used for
hypothesis testing. Figure 3 shows that only the path from virtual integration to cost
advantage, that is, the Cost Advantage Hypothesis (H6), fails to be significant at the
0.05 level.

Discussion

FOLLOWING THE ELECTRONIC HIERARCHY CONCEPT of Malone et al. [42] and the
“move to the middle” hypothesis [19], this study investigates the importance of I'T-
enabled virtual integration in supply-chain performance. The model is based on the
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Figure 3. Structural Equation Model with Path Estimates

Notes: The model was estimated with the covariance between the error variances of
manufacturing flexibility and cost advantage being freely estimated. The covariance,
however, is not significant and thus is not shown in the figure. Except for the path from
virtual integration to cost advantage, the paths are significant at the 0.05 level. The result
shows the importance of virtual integration in mediating environmental uncertainty into
greater supplier responsiveness and supply-chain performance characterized by manufactur-
ing flexibility and cost advantage of the buyers. RMSEA: 0.07; Bentler’s CFI = 0.90; y%/df:
340.13/200 = 1.70; Bentler and Bonet’s NNFI: 0.88. ** p < 0.05, one-tailed test. D is error
variance.

dual control perspective [23], theorizing the mediating effect of virtual integration
between environmental uncertainty and supply-chain performance.

Results

Environmental Effects

The Uncertainty-Flexibility Hypothesis (H1) and the Uncertainty-Supplier Hypoth-
esis (H3) suggest that uncertain environments tend to motivate both buyers and sup-
pliers to search for responsiveness and flexibility in the supply-chain context. H1
points out that manufacturers are likely to implement technologies and mechanisms
for facilitating flexible manufacturing operations, in addition to IT. Although Pagell
and Krause’s [50] study shows no significant association between environmental un-
certainty and operational flexibility of manufacturers at the shop floor level, our re-
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sults show otherwise. Further, with greater environmental uncertainty, H3 suggests
that manufacturers will collaborate more tightly with their suppliers in order to make
them more responsive to environmental changes. The two main sources of environ-
mental uncertainty (i.e., demand volatility and industry clockspeed) are two impor-
tant drivers for motivating firms to implement I'T-based supply-chain integration
mechanisms, as indicated by the Environmental Uncertainty Hypothesis (H2). Our
results therefore suggest that having flexible manufacturing operations, integrating
electronically with suppliers, and developing responsive suppliers all are ways for
manufacturers to deal with uncertain environments.

Virtual Integration Effects

Our results fail to support the Cost Advantage Hypothesis (H6). The results indicate
that virtual integration is unlikely to contribute to manufacturers’ cost advantage di-
rectly. Nonetheless, it is important for influencing both supplier responsiveness and
manufacturing flexibility, as suggested by the Supplier Responsiveness Hypothesis
(H4) and the Manufacturing Flexibility Hypothesis (H5). The latter hypothesis indi-
cates that the improvement in a manufacturer’s flexibility is likely to be observed
when it exchanges timely product/process information with suppliers through
interorganizational IS. Such information exchange enabled by IT, as suggested by
H4, also makes the suppliers responsive to the buyer dynamic requests, indicating
that IT-enabled integration is a useful mechanism for enhancing supplier responsive-
ness to changing environments. Although the Cost Advantage Hypothesis (H6) as-
serts that virtual integration can provide manufacturers with the capability for achieving
greater cost advantage, it is not supported by our data. However, because supplier
responsiveness is beneficial to manufacturers for gaining cost advantage, as suggested
by the Supplier—Cost Advantage Hypothesis (H8), virtual integration still can posi-
tively impact manufacturers’ cost indirectly. Thus, virtual integration should be use-
ful for manufacturers in gaining comparative cost advantage, but such an effect is
largely achieved through the help of responsive suppliers.

Mediating Effects

Virtual integration and supplier responsiveness are the two mediating variables in our
model. The combination of the Environmental Uncertainty Hypothesis (H2) and Manu-
facturing Flexibility Hypothesis (HS) suggests that when operating in uncertain envi-
ronments, manufacturers tend to use IT to integrate with their suppliers for manufacturing
flexibility. H2 and the Supplier Responsiveness Hypothesis (H4) together also imply
that the uncertainty experienced by manufacturers can be transformed into supplier
responsiveness through tighter supply-chain coordination and control supported by a
high level of virtual integration. Given that the Supplier—Flexibility Hypothesis (H7)
suggests a positive effect of supplier responsiveness on manufacturing flexibility, it
together with the Supplier—Cost Advantage Hypothesis (H8) shows that virtual integra-
tion can still impact both manufacturing flexibility and cost advantage indirectly.
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Implications

Our findings suggest that IT-enabled integration should be an integral part of manu-
facturing firms’ supply-chain management efforts, especially for supplier develop-
ment and involvement, while responsive suppliers are critical for both manufacturing
flexibility and cost advantage under uncertain environments. This implies that the
communication channels enabled by IT can be beneficial to supply-chain coordina-
tion, resulting in greater mutual adaptability between trading partners when facing
unexpected events [14]. Consequently, virtual integration should be valued as an im-
portant strategy for mitigating and accommodating environmental uncertainties in
supply-chain management. Of course, no matter what types of supply-chain manage-
ment programs a firm chooses to implement, it still needs the cooperation of suppliers
in delivering quality materials and components in the right amounts at the right time.
Thus, complementary to such programs is the responsiveness of suppliers. With greater
supplier responsiveness enabled by virtual integration, a firm can raise its own ability
to counter external influences with greater flexibility. Indeed, supplier responsive-
ness appears to be the most significant factor in affecting cost advantage in our model,
suggesting its critical role in improving buyer performance [61] and that IT-based
integration is a powerful instrument for realizing such an effect. Even though I'T might
not be the only means for improving supply-chain performance, managers should
realize its importance in such an endeavor. Firms lagging behind in the investment of
interorganizational IS could put themselves at competitive disadvantage, especially
as the development of IT has been so rapid and many firms are striving to take fuller
advantage of the technologies.

Conclusions

THIS STUDY CONTRIBUTES TO THE LITERATURE by building a theoretical model in
which virtual integration plays a pivotal role in generating two dimensions of supply-
chain performance—manufacturing flexibility and comparative cost advantage.

Contributions

Theoretically, this study sets a foundation for a theory of virtual integration for im-
proved supply-chain performance under environmental uncertainty. We argue that
environmental uncertainty might first appear as a threat to the firm, but with proper
supply-chain practices and IT that support efficient and flexible supply-chain coordi-
nation, such a threat can be transformed into competitive edge via higher levels of
manufacturing flexibility and comparative cost advantage. Except for the direct ef-
fect of virtual integration on cost advantage, the data are supportive of the rest of the
hypotheses proposed in our model.

Our empirical evidence also demonstrates the importance of the supply-chain sys-
tem concept: a manufacturer and its suppliers can form a loosely coupled system gov-
erned by IT to enhance supplier responsiveness, leading to greater manufacturing
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flexibility. We also suggest comparative cost advantage is the other important advan-
tage obtained by a virtually integrated supply-chain system. But, such advantage is
hardly gained by a firm alone when it pursues greater manufacturing flexibility at the
same time. In fact, having a set of responsive suppliers is very important for improving
a manufacturer’s supply-chain performance. By invoking the concept of fit as media-
tion [70], our results confirm that manufacturers tend to integrate electronically with
their suppliers in order to have their supply-chain operations fit their environments,
resulting in more responsive suppliers and better supply-chain performance. The evi-
dence also seems to support the “move to the middle” hypothesis [19] that supply-
chain firms can use IT to achieve better vertical coordination without ownership control,
forming a vertical structure close to an electronic hierarchy instead of a market of
arm’s-length transactions. Through tight electronic integration with suppliers and their
resultant responsiveness, manufacturing flexibility and comparative cost advantage
appear to be something that manufacturers can feed back to counteract the environ-
mental influences, providing preliminary support to the dual control perspective [23].

Limitations

This study has several limitations. First, because we adopted the single-informant
approach from the manufacturer’s perspective, respondent bias is possible. Second,
we used perceptual measures, which might not accurately reflect the objective or real
relationships among the theoretical constructs examined. The perceptions of manag-
ers largely determine their actions and decisions, so such a limitation might not be so
serious. Nonetheless, further development and validation of the measures utilized
here are needed. Third, many other interorganizational factors, such as trust, commit-
ment, power, and dependence, have been shown to influence interorganizational IS
adoption and the attainment of strategic flexibility by business partners [55, 77]. This
might explain the low explanatory power of environmental uncertainty on virtual
integration. These factors as well as other supply-chain management practices and
technologies might also have significant implications on dimensions of supply-chain
performance, but were not incorporated in the current study (e.g., [21, 34, 48]). Fourth,
the response rate of the survey may appear somewhat low. Even though the possibil-
ity of nonresponse bias was checked and ruled out statistically, the representativeness
of the sample, and thus the generalizability of the results, could still be limited.

Future Research

For future research, we offer the following suggestions. First, we did not explicitly
distinguish the ways virtual integration could be implemented to improve supplier
responsiveness [31]. We examined the possibly differential effects of IT on enhanc-
ing supplier responsiveness and on increasing the buyer’s control capability over sup-
pliers in combination with one another in this study. Future research can clarify such
differential effects of virtual integration and other facilitating and hindering factors
affecting supply-chain effectiveness. Second, this study focuses on manufacturing
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flexibility and cost in supply chains. Future research may extend our model to in-
clude transaction cost and risk considerations [19, 62, 76]. Third, because the pur-
pose of the study was not to identify a comprehensive set of variables that affect the
application of electronic integration and supply-chain performance, many other fac-
tors might generate flexibility-enhancing effects [31] or influence the motivation and
requirement of the firm to utilize IT for interfirm integration [62]. Some of them
served as intervening variables in our theoretical arguments. But we did not explicitly
incorporate them in our model, which was specified in a somewhat reduced form.
The effect of feeding back greater flexibility and cost efficiency into the manufactur-
ers’ market environments was not explicitly investigated either. Constructing and testing
a model taking fuller account of the control-flexibility framework or conducting a
longitudinal study should be a valuable direction for future theory development. Fourth,
the control-flexibility perspective is inherently functional. A qualitative or interpreta-
tive research design might help us gain a fuller understanding of the internal works of
supply chains responsible for flexibility generation. Fifth, because we attempted to
obtain general results, we did not control for possible confounding effects of indus-
tries. Future research may examine the differences between supply-chain manage-
ment and flexibility-enhancing practices adopted in different industries and compare
their effects across industries. Further, although businesses appear to be taking ad-
vantage of advanced software applications and the Internet for interfirm communica-
tion, incompatible technologies are still hindering seamless communication and
common visibility across organizational boundaries. The developments in languages
such as XML and in technical dictionaries, such as RosettaNet, may provide a partial
solution to the problem. Also, an increasing number of vendors are offering supply-
chain management software, which makes supply-chain integration easier. However,
these developments also make a firm’s supply-chain strategies more imitable, thus
reducing its chances of obtaining sustainable competitive advantage through IT. Fu-
ture study may take a microeconomic approach to analyze the effect of electronic
supply-chain integration on market performance and industry structure, possibly at
the level of chain-to-chain competition. Finally, interorganizational IS enable more
efficient interfirm coordination and control, but it is the internal IS that provide the
basis for a firm to operate as an extended enterprise. Consequently, the alignment of
a firm’s internal IS with interorganizational systems should have a profound impact
on the firm’s coordination capabilities and visibility along the supply chain. Future
research may take a capability or competence view to assess the implications of such
alignment on supply-chain flexibility and performance.
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