Abstract

Colocation
as a Hybrid ICT
Sourcing
Strategy to Improve
Operational Agility

Fast access to communication networks and the availability of high-performance information and communication technology (ICT) infrastructures is indispensable
for accelerating business transactions. Yet with increased environmental volatility, companies need to
become more agile in identifying and responding to
market- and technology-based challenges. Accordingly,
a responsive and high-performance ICT infrastructure
remains a top priority for firms. Thus, new ICT sourcing
strategies may lead to significant competitive advantages, especially in dynamic business environments.
This article analyzes a hybrid ICT sourcing strategy
called colocation that allows firms to operate their own
ICT resources in facilities of specialized data center
providers. Grounded in the theory of dynamic capabilities, we theorize and empirically examine how colocation and top management support enable firms to improve their operational agility in the presence of environmental turbulence.
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Introduction
Within the last decade, the Internet became the backbone for all kinds of business processes, enabling firms
to operate in globally connected value chains and integrated markets (Nagurney et al., 2007). It created not
only new opportunities for information-based products
and services, but also facilitated the deconstruction of
value chains, streamlined work processes, and allowed
for new inter-organizational relationships (Sambamurthy et al., 2003). A critical driver of these developments has and still is the accessibility to high network bandwidth, processing power, and storage capacity to support information and communication technology (ICT)-based services (Tilson et al., 2010). Accordingly, it is assumed that competitiveness in global markets increasingly demands a reliable high-speed ICT
infrastructure and communication networks to accelerate distributed collaboration and digital transactions
between geographically dispersed business partners
(Weill and Broadbent, 1998). For example, direct access to central Internet exchange hubs that provide
extremely low network latencies to stock exchanges
worldwide is essential for financial trading platforms to
realize competitive advantages (Gsell, 2009).
At the same time, an increase in environmental volatility,
resulting from greater uncertainty in international markets and volatile customer demands, requires firms to
improve their capability to respond to changes in an
efficient and effective manner. This agility imperative
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also requires a flexible ICT infrastructure to change
business operations swiftly if needed (Ciborra et al.,
2000, Sambamurthy et al., 2003). Innovations in utility
computing, Web services and service-oriented architectures are especially suited to improve the ability of firms
to flexibly obtain and integrate digital resources and
services (Papazoglou et al., 2007). As a result, firms
increasingly purchase ICT resources and services from
external providers which themselves benefit from
economies of scale and scope (Lacity and Willcocks,
1998). This allows for notable benefits, such as keeping
pace with leading-edge technology and specialized
expertise, thereby avoiding the risk of technological
obsolescence that results from dynamic changes
(Grover et al., 1996), and acquiring appropriate ICT
resources and capabilities according to business needs
to achieve operational agility (Sambamurthy et al.,
2003). However, these opportunities and benefits cannot be achieved without making some concessions due
to coordination challenges and information asymmetries between the client and ICT service provider (Chiles and McMackin, 1996). As a solution, firms often employ a number of business partners and service providers and combine external services with internal resources to improve their independence by reducing
switching costs (Cohen and Young, 2006). As firms
grow and their needs change, they need to be sure that
they are allocating the appropriate amount of time and
resources in the management of their ICT infrastructure.
It is not uncommon for firms to expand rapidly and soon
realize that the amount of money they are spending on
cooling and electricity for their ICT equipment exceeds
their budgets. Other technical side effects encountered
by rapidly growing firms include insufficient bandwidth
capability in their internal data centers or inadequate
security measure to protect sensitive information on
their servers. Upon realization that they are overextended on internal ICT expenditures, firms may consider outsourcing their data center to a third-party data
center provider.

and an internally owned and operated data center. In
colocation (data) centers, firms can choose which operations they operate in external premises and which
ones they want to handle in-house.
The attractiveness of colocation centers mainly comes
from the accumulation of Internet service providers
(ISPs), network carriers, and other ICT service providers such that a competitive (digital) marketplace
emerges for firms searching for redundant, high-speed
Internet access for latency-critical business applications
(Gerpott and Massengeil, 2001, Malecki, 2002). Such a
once established ICT service cluster housed in a colocation center provides valuable infrastructure and services to competitive market prices, as illustrated in Figure 1. Firms that provide basic data center services and
operate communication networks, such as data center
providers, network carriers, and wide-area network
(WAN) providers, represent the “Infrastructure” segment. Application service providers (ASPs) and providers for hosting and managing IT services form the “Services” segment and offer application hosting, administration (e.g., backup, update processes), and user
support. This segment also contains ISPs that provide
Internet connectivity. Both segments in turn form an ICT
service cluster within a colocation center, such that
members of the “Services” segment utilize the ICT infrastructure provided by the members of the “Infrastructure” segment. Other industry sectors (Figure 1, outer
circle) purchase specialized ICT services from the ICT
service cluster. Thus, the ICT service cluster creates
unique competitive advantages for firms by providing
large-scale hosting infrastructures and services. An
illustrative example for a typical customer of the ICT
service cluster would be a bank, which, in addition to
operating own ICT infrastructure in a colocation center,
also uses the services of ASPs for application hosting
and specialist data storage providers for financial reference data storage while having access to different
WAN providers and ISPs to connect their different
branches. Since several providers are present in the
ICT service cluster, a bank can benefit from competitive
prices since switching costs are comparably low.

Against this background, a viable alternative is the installation and operation of own ICT systems in external
premises, which is known as ICT colocation, ICT hotel,
or ICT housing. In such a hybrid sourcing setting, specialized colocation providers offer the basic data center
infrastructure and corresponding services, such as
space, high bandwidth, reliable power supply, sophisticated cooling systems, fire extinguishing solutions, onsite operation support, and technical assistance,
whereas customers can develop, manage, and operate
their own ICT systems. Hence, colocation can be regarded as compromise between ICT outsourcing,
where the services provider completely manages and
operates the ICT infrastructure of the outsourcing firm,
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Research in the area of ICT colocation is relatively new
(Tilson et al., 2010) and thus the importance of combining internal and external ICT resources to achieve
higher levels of operational agility has not been investigated so far. In this research, we regard and investigate
ICT colocation sourcing capabilities as the capacity of a
firm to purposefully extend, create, or modify its ICT
infrastructure to achieve tight alignment with the business so as to exploit new business opportunities but
also improve operational performance.
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Figure 1. Value creation through service sourcing in an ICT service cluster
While espousing this view, we ground our research on
the theory of dynamic capabilities (Helfat et al., 2007,
Nelson and Winter, 1982, Teece et al., 1997, Teece,
2007) and analyze how top management support and
colocation as ICT sourcing solution improve operational
agility in the presence of environmental turbulence.
Thereby, we attempt to address the following key research question:

method approach including an exploratory and explanatory phase. In the exploratory phase, we conducted site visits, semi-structured interviews, and a Delphi
study to understand the characteristics of colocation
sourcing and how it can be utilized to enhance agility
on the operational level. In the explanatory phase, we
subsequently address our research question not only
conceptually but also validate the impact of colocation
strategy adoption on the organizational level empirically
in a quantitative field study.

How does ICT sourcing through colocation enhance
agility on the operational level as an important dynamic
capability and how do turbulent environments moderate
this relation?

In the following section, we review relevant research
streams and develop the theoretical foundation for our
research. Thereby, we consider the theory of dynamic
capabilities as appropriate to investigate corporate
strategies, business operations, and business value
generation in turbulent environments. Moreover, we
conceptualize operational agility as a dynamic capability and theorize how colocation as an ICT sourcing
strategy drives operational agility. Subsequently, we
conceptualize a research model for addressing our research question empirically based on primary data collected from German colocation adopters. Finally, we
present our empirical results, conclude with a discussion of our findings and present the implications and
contributions of our research.

Driven by this research question, our study seeks to
improve the understanding of the interplay between
colocation as a sourcing strategy that comprises top
management support and the extant of colocation and
the creation of business value through fostering operational agility as an important dynamic capability. Noting
the practical relevance of ICT infrastructure sourcing for
different industry domains and the lack of research on
digital infrastructures in general (e.g., Hanseth and
Lyytinen, 2010, Tilson et al., 2010), our research focuses on firms that are pursuing a specific sourcing strategy, which we refer to as a “colocation strategy”. Specifically, we define a colocation strategy as a top management decision to use colocation centers to leverage
the ICT infrastructure that is made available by infrastructure providers (Figure 1, “Infrastructure” segment)
and obtain ICT resources and services offered by services providers (Figure 1, “Services” segment). Colocation strategy adoption then refers to the extent to which
specific business activities are facilitated by a firm’s use
of the ICT infrastructure and services provided within a
colocation center. As we are dealing with a relatively
under-researched topic, we have adopted a multi-
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Theoretical Background
In years of economic crises, firms have to deal with
high dynamism and volatility, which asks for a continuous adaptation to the rapidly changing market conditions, environments, and uncertainties to stay competitive (Dong et al., 2009). Thus, to meet unpredictable
business needs resulting from these dynamics, a responsive ICT infrastructure that can be adapted quickly
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is critical to remain agile on the operational level
(Goodhue et al., 2009). In this regard, we first propose
a theoretical conceptualization of operational agility
before we analyze the extent to which colocation sourcing enables operational agility as an important dynamic
capability in turbulent environments. Thereby, we argue
that colocation as a hybrid sourcing strategy provides
the ability to build, change, and mobilize ICT resources
through the establishment of (digital) networks and improved infrastructural facilities.

1997: 515). These capabilities are critical in highly turbulent environments and have a considerable impact
on corporate strategy, business operations, and corresponding outcomes (Eisenhardt and Martin, 2000).
Specifically, environmental turbulence encompasses
uncertainty and unpredictability due to massive and
rapid changes in technological developments and market preferences (Atuahene-Gima and Li, 2004). Environmental turbulence demands greater organizational
sensemaking and responsiveness and influences the
potential outcomes. Firms have to compete by seizing
a series of short-term advantages through many competitive actions (D'Aveni, 1994) stimulated by environmental changes and constantly challenged to identify
contextually appropriate responses (McGrath, 1979).
Accordingly, the dynamic capability theory considers
those capabilities that enable a firm to integrate, build,
and adjust its internal and external resources, routines,
and capabilities (Eisenhardt and Martin, 2000, Teece et
al., 1997).

In so doing, we follow calls to put the ICT infrastructure
at the center of investigation (e.g., Hanseth and Lyytinen, 2010, Tilson et al., 2010) and conceptualize the
interplay between ICT sourcing capabilities enabled by
the adoption of a colocation strategy, dynamics caused
by environmental turbulences, and operational agility as
an organizational dynamic capability. Sourcing ICT
through colocation comprises top management support
as well as the extent of colocation. Prior research on IT
assimilation has reported top management support to
be among the most influential determinants for assimilating innovative IT sourcing solutions and resulting
outcomes (Jeyaraj et al. 2006; Thong et al. 1996). Thus,
it can be assumed that top management support is
driving operational agility directly as well as indirectly
through the decision to which extent the firm wants to
colocate ICT. Consequently, our research draws on the
theory of dynamic capabilities of the firm to integrate
agility as a top management ability to adequately react
to changes or seize new opportunities by assembling
resources, knowledge, and relationships swiftly (Goldman et al., 1995). Our research model is based on a
strategic management perspective that regards firms
as elements of a dynamic system, which continuously
interact with their environments (Pfeffer and Salancik,
1978) thereby creating enhanced performances by
managing the critical relationships across external and
internal resources and capabilities (Jaworski and Kohli,
1993). Thereby, we deem the operational level as the
appropriate level of analysis since ICT resources first
affect specific business activities and then eventually
improve firm performance on the organizational level
(Davamanirajan et al., 2006, Helfat et al., 2007).

Operational Agility as a Dynamic Capability
So far, existing research has presented several competing definitions of operational agility, mostly grounded
in the manufacturing domain (see Ganguly et al., 2009,
for an overview). These studies viewed agility as a
firm’s ability to operate profitably in a rapidly changing
and continuously fragmenting market environment by
producing high-quality, high-performance, customerconfigured goods and services (Sharifi and Zhang,
1999). The concept of agility has received considerable
attention in strategic management and IS research as
well. There, the concept is described in a more general
way and refers to operational agility as an organization’s ability to sense and respond to changes by reconfiguring their resources, knowledge, and business processes in an effective, efficient, and timely manner
(Dove, 2001, Overby et al., 2006).
However, since different terms have been used in dynamic capability literature referring to similar characteristics, or similar labels refer to different characteristics
(Zahra et al., 2006); we conducted a literature review
on operational agility to consolidate the various meanings and conceptual elements that are common in liter1
ature . As a result, operational agility is best viewed as
an organizational dynamic capability as it refers to a
firm’s ability to purposefully adapt its resources and
substantive capabilities so as to achieve congruence
with the changing business environment (Teece et al.,
1997, Teece et al., 2007, Helfat et al., 2007, Eisenhardt
and Martin, 2000). According to this principle, we con-

Dynamic Capabilities in Turbulent Environments
The theory of dynamic capabilities is an extension of
the evolutionary theory of the firm that assumes that
firms gain competitive advantages when they are capable to revise routines and resources (Zahra et al.
2006). In general, dynamic capabilities are defined as
the “capacity to renew competences so as to achieve
congruence with the changing business environment”
and the ability to “appropriately adapt, integrate, and
reconfigure internal and external organizational skills,
resources, and functional competences to match the
requirements of a changing environment” (Teece et al.,
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Details about the review process and the results in terms of
the various definitions along their essential characteristics
are provided in Appendix A.
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clude that the extant literature identifies two primary
characteristics of operational agility: the ability to reconfigure existing routines or competencies into new ones
that better match the environmental conditions and to
do so in a time and cost-efficient manner (e.g., Burgess,
1994, Yusuf et al., 1999).

synchronizing activities in a structured way (Okhuysen
and Eisenhardt 2002; Pavlou and El Sawy 2010). For
instance, by increasing the flow of information and reducing potential bottlenecks, well-coordinated operational processes enable the firm to quickly respond to
opportunities (Haeckel, 1999).

According to the logic of dynamic capabilities, reconfigurability comprises the generation and exploitation of
new products, services, processes, and business practices (Pittaway et al., 2004, Pavlou and El Sawy, 2006).
In particular, competitive advantages increasingly require the flexible and efficient integration of external
activities and resources (Branzei and Vertinsky, 2006)
resulting in increased importance of strategic alliances,
virtual cooperation, buyer-supplier relations, and technology collaboration. Moreover, with ever-changing
customer and market demands, organizations not only
have to be innovative but also effectively adapt to
changes and business needs as well (Youssef 1994,
Dove 1995, Agarwal and Selen, 2009, Raschke, 2010).
Thus, the ability to add new or reconfigure existing resources and capabilities helps to improve business operations and is indicative of our first agility characteristic.
As reconfiguration is about executing or changing a
firm’s competencies and implementing an appropriate
course of action, it mainly encompasses business process redesign as well as asset-realignment activities
(Capron et al., 1998, Teece et al., 1997). These activities rely heavily on flexible and ‘lightweight’ integration
and composition of resources and activities (Galunic
and Eisenhardt, 2001).

Further definitions of agility are provided by Yusuf et al.
(1999), Ren et al. (2003), and Dove (2001), among
others, suggesting additional characteristics that are
essential for continuous economic improvement in
business operation. Thereby, these studies mainly refer
to operational activities and the ability to adapt to
changes but simultaneously accomplish performance
criteria, such as operational effectiveness, efficiency,
and quality (Agarwal and Selen, 2009, Davenport,
2005). Accordingly, and contrary to the traditional view
in which such performance objectives were regarded
as conflicting to reconfigurability (e.g., Allen and
Boynton, 1991), the construct of operational agility inherently postulates the possibility of simultaneously
fulfilling these performance objectives. Accordingly,
Sambamurthy et al. (2003) define operational agility as
the ability of firms' business processes being adaptive
to environmental changes and exploiting new opportunities for innovation and competitive action while also
accomplishing speed, effectiveness, and efficiency.
Based on this principle and according to the results of
our literature review, we include effectiveness, quality,
and efficiency as further agility characteristics on an
operational level (Kohli and Devaraj, 2003, Melville et
al., 2004). Hence, effective solutions, aligned with the
changing needs of the business, the industry, and the
competitive environment are of crucial importance for
firms. In this regard, effectiveness is defined in terms of
aligning the new solution with organizational goals and
enhancements in competitiveness because insufficient
and misdirected responses can cause undesired side
effects or mistakes that require additional resources to
fix. Additionally, quality is determined by how a new
solution meets predefined quality criteria. For example,
quality for the order fulfillment process can be assessed
by the number of customer complaints, billing and shipping errors, and on-time deliveries that affect the satisfaction of customers. Finally, although a firm might be
able to respond to changes in an effective fashion and
with an appropriate quality, it may still not be considered as operationally agile if the resulting solution is
inefficient.

The second agility characteristic, responsiveness, accentuates a time component and the ability to efficiently
recover from change (Goldman et al., 1995, Sharifi and
Zhang, 2001, van Hoek et al., 2001). More precisely,
responsiveness can be defined as “the ability to react
purposefully and within an appropriate timescale to significant events, opportunities, or threats to bring about
or maintain competitive advantage” (Kritchanchai and
MacCarthy, 1999, p. 814). However, although a firm
might be able to respond to changes with an appropriate configuration in a timely manner, it may still not be
considered as operational agile if the corresponding
changes result in high cost. Thus, cost-efficiency – determined by the effort, which is necessary to realize the
new business solution as a response to environmental
changes – should be taken into account as well. Furthermore, firms should be able to respond to environmental changes in a timely and cost-efficient manner
for being able to operate successfully in a dynamic environment (Oosterhout et al., 2006, Saeed et al., 2005,
Sherehiy et al., 2007). Consequently, a firm’s responsiveness depends on its ability to establish coordination
capabilities (Dove 2001). From an internal perspective,
coordination capabilities refer to a firm’s ability to orchestrate and deploy tasks and resources, as well as
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As a result of our theoretical conceptualization, we define operational agility as response ability for accurately,
rapidly, and efficiently adapting resources and routines
to foreseen and unforeseen changes, without compromising the effectiveness, efficiency, and quality of the
new or improved business process. This definition
broadly explains how firms can improve their agility in
terms of better managing capabilities, resources, and
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business processes on an operational level. In the following, we conceptually describe how adopting a colocation strategy affects the identified agility characteristics and corresponding microfoundations in a more precise manner.

ever, a colocation strategy also provides a firm with the
opportunity to purposefully create, extend, or modify the
firm’s ICT resource base by reconfiguring its resources
and capabilities based on an internal development process. Thus, firms can individually develop, manage,
and operate their own ICT systems but also benefit
from scalable data center capacities and highperformance infrastructure facilities, thereby changing
their extent of colocation. Furthermore, firms that adopt
a colocation strategy can exploit the professional
knowledge and skills of the colocation service provider
and their business partners in a (digital) value-added
network. Thus, colocation can be leveraged as a distributed model of innovation where firms get the opportunity to reach out beyond their own boundaries to access and integrate knowledge, technologies, and services set up by others.

Colocation as Enabler for Operational Agility
Firms increasingly rely on ICT for establishing sophisticated information and knowledge management capabilities, analytical decision support, and enhanced communication and collaboration processes (Sambamurthy
et al. 2003, Weill et al. 2002). Reconfigurability as an
agility imperative thereby requires a flexible ICT infrastructure for being able to change business operations
if needed (Ciborra 2001; Sambamurthy et al. 2003). In
this way, Sambamurthy et al. (2003) theorize that ICT
should be viewed as a digital options generator since
contemporary operational capabilities can continually
be innovated or reengineered through the functional
capabilities of existing or emerging technologies, which,
in turn, support firms to align their ICT infrastructure
with changes (Tallon and Pinsonneault, 2011). Innovations in utility computing, Web-based services, and service-oriented architectures are therefore especially
suited to facilitate reconfiguration activities by improving
a firm’s ability to flexibly obtain and integrate digital resources and services (Ciborra 2001, Papazoglou et al.
2007, Sambamurthy et al. 2003). As a result, firms are
increasingly able to integrate digital resources and services from external providers that enable them to keep
pace with leading-edge technology (Grover et al. 1996)
and to acquire appropriate solutions depending on their
situational business needs (Ciborra et al., 2000, Sambamurthy et al. 2003, Tilson et al. 2010).

In such an accruing inter-organizational collaboration
environment, it is likely that participants share information and exchange resources and services in a value-added network, leading to the formation of digital
marketplaces (Bakos, 1998, Cassiman and Veugelers,
2006). Such an ICT cluster constitutes an electronic
intermediary that facilitates cooperation and the exchange of information and services, as well as the processing of business activities (Bakos, 1998), providing
high-speed and redundant Internet connections to their
customers (Gerpott and Massengeil, 2001). Such extended information-processing and transferring capabilities enhance the exchange of information and improve internal as well as external coordination mechanisms between globally distributed business units and
other business partners (Dove, 2006, Bharadwaj et al.,
2007), which eventually increases a firm’s responsiveness.

In this regard, an ICT sourcing through colocation strategy can be utilized for improving a firm’s capability to
purposefully extend, create, or modify its ICT infrastructure to achieve tight alignment with the business to improve a firm’s operational reconfigurability. Such a colocation strategy, consisting of top management support
as well as the extent of colocation, enhances a firm’s
ability to explore and exploit opportunities through
sourcing and staging service delivery processes, as
well as the capability to adapt or extend their networks
when they need access to ICT-related assets, competencies, or knowledge (Helfat et al. 2007). In this respect, we assert that the wide range of service providers of the ICT service cluster in colocation centers provide firms with different ICT infrastructure services and
cooperation opportunities (Malecki, 2002) to facilitate
flexible and scalable capacity adjustments as well as
access to crucial ICT resources and capabilities. Firms
that pursue a colocation strategy thus can improve their
reconfigurability by adapting and changing their sourcing structures and integrating external services. How-
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Colocation service providers can also achieve economies of scale and scope by specializing in off-site data
center operations, such that they achieve synergies
and cost advantages in the construction of energyefficient data center space, bulk purchases of electricity,
server racks, generators, as well as with respect to the
distribution of expenses for qualified personnel, services, and other business resources. Accordingly, colocation as a hybrid sourcing alternative also facilitates
improving a firm’s reconfigurability, while striving to attain high quality ICT solutions in an effective and costefficiency way.
Accordingly, we propose that a colocation strategy enhances a firm’s capacity to purposefully and efficiently
extend, create, and modify its ICT infrastructure to support the creation and modification of resources and capabilities that heavily depend on ICT to respond to current and future changes in the business environment,
thereby capturing current and future business opportunities.
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Figure 2. Proposed research model
et al. (2009), we propose that colocation as an ICT
sourcing strategy also relies on top management support in three different organizational activities, which are
essential for the assimilation process. By articulating a
vision and establishing a sourcing strategy, top management supports the establishment of a context within
which operational agility can unfold its potentials.
Moreover, top management legitimizes the strategy
assimilation by demonstrating its commitment and political support in terms of providing resources and encouraging active participation. Finally, top management
plays a key role in setting the agenda by establishing
goals and targets for the assimilation of a colocation
strategy. Following this theoretical argumentation, the
direct and indirect positive impact of top management
support on different performance indicators have already been shown in previous IS research studies (e.g.,
Ragu-Nathan et al., 2004, Sabherwal et al., 2006). Kim
and Kankanhalli (2009) further emphasize the role of
top management to overcome organizational resistance
and to initiate change processes on the operational
level. This readiness to change (Armenakis et al., 1993),
which is an important organizational capability and prerequisite of operational agility, is only possible if top
management recognizes the need for change and is
committed to provide full support in dealing with new
configurations. Accordingly, a strong and ongoing backing from top management ensures the allocation of valuable resources and the establishment of new colocation initiatives to overcome deficient routines and establish changes, which leads to improved operational responsiveness of a high performance ICT infrastructure.
Thus, we propose:

It appears that, especially in fast-paced environments,
firms leverage the high-performance ICT infrastructure
and the numerous collaboration opportunities in colocation centers while simultaneously maintaining the autonomy that is needed to establish a firm’s operational
agility, potentially resulting in competitive advantages.

Hypotheses & Research Model
To address our research question not only conceptually
but also to validate the impact of colocation strategy
adoption on the organizational level empirically, we developed the research model depicted in Figure 2 conceptualizing the interplay between top management
support, the extent of colocation for different business
activities, and environmental turbulence as major antecedent of operational agility.
With top management support, we take care of the
strategic importance of colocation as an ICT sourcing
strategy that is represented by the extent to which top
management actively participates in the management
of colocation initiatives. In general, a high-level support
of top management is important for IS innovations that
are resource-intensive and require substantial material
and managerial resources (Chatterjee et al., 2002, Rai
et al., 2009). Specifically, existing research shows that it
is the mindset of top management that determines the
success of IT alignment (Preston and Karahanna,
2009). Mindfully acting top management reinforces the
effectiveness of operational agility by restructuring and
reorganizing processes and organizational routines
(Swanson and Ramiller, 2004). Senior management
can modify prevailing structures, introduce new and
complementary structures to facilitate the integration of
new technologies or strategies, and reinforce structures
that value the dissemination of those innovations and
thus influence operational agility directly. Following Rai
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Hypothesis 1 (H1): A higher level of top management support leads to higher levels of operational
agility.
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However, extant literature suggests that a technology/strategy must support firms’ value-chain activities
and business processes prior to gaining significant
business value on the operational level (e.g., Santhanam and Hartono, 2003). In this respect, the infusion of
an ICT sourcing through colocation strategy constitutes
an important aspect of the overall assimilation process
(Swanson and Ramiller, 2004). ICT infusion has been
defined as the deep and comprehensive embedding of
a firm’s ICT system on the operational level (Cooper
and Zmud, 1990, Fichman, 2000), thereby increasing
the flow of information and reducing potential bottlenecks to facilitate a firm’s responsiveness (Haeckel
1999). Thus, depending on the extent of colocation,
firms can access high-performance ICT infrastructures
that enhance inter-organizational interactions and are
crucial to realize operational agility (Baraldi and Nadin,
2006). Accordingly, we consider the depth of innovation
infusion described by the extent of colocation (i.e., access to external ICT infrastructure, hosting of business
applications, data storages, or Internet and e-business
portals) and anticipate a positive relationship between
the extent of colocation and operational agility.

Since a higher level of top management support needs
to be achieved and the norms and values have to be
implemented on the operational level in the form of
procedures, rules, regulations, and routines to finally
facilitate operational agility, we propose that the effect
of top management support on the operational agility is
mediated by the extent of colocation. Thus, in addition
to the direct effects (hypotheses 1 and 3), we also
evaluate whether the operational implementation of a
colocation strategy mediates the relationship between
top management support for colocation and operational
agility.
Environmental Turbulence as a Moderator
The effect of the sourcing capabilities on operational
agility is moderated by the level of environmental turbulence, which is defined as the frequency and amplitude
of changes in the environment and general conditions
of uncertainty (Duncan, 1972). These environmental
dynamics spawn new opportunities (Sull, 2009), thus
creating incentives to employ sourcing capabilities to
reconfigure existing and allocate new resources and
capabilities to pursue emerging opportunities. Because
turbulent environments create a discrepancy between
existing and ideal resources and capabilities, the need
for reconfiguration enhances the value of dynamic capabilities. Teece et al. (1997) argue that there is great
value in the ability of top management to reconfigure
resources in turbulent environments. In line with this,
Rindova and Kotha (2001) reason that turbulent environments make it more likely to reconfigure operational
capabilities, which require a mindful top management.
In other words, top management support to build up
operational agility is more effective in times of high environmental turbulence due to lower organizational resistance to improve effectiveness and lower costs. On
the other hand, in times of low environmental turbulence, it will be more difficult to facilitate organizational
change and thus positively influence operational agility
with the same level of top management support since
the need to be agile is not perceived as equally important. Therefore, we propose:

Hypothesis 2 (H2): A greater extent of colocation
leads to higher levels of operational agility.
Furthermore, top management serves as main human
agency for absorbing, conversing, and delegating environmental influences and corresponding strategic decisions to the course of action on the operational level
(Liang et al., 2007, Teo and Ang, 2000). In line with this,
prior literature on innovation assimilation (e.g., Liang et
al., 2007) largely views top management as central
agency responsible for changing the norms, values,
and culture within a firm that, in turn, enables other organizational members to adapt to technological and
organizational changes. The norms, values, and culture
engendered by the top management permeate to the
operational level in the form of procedures, rules, regulations, and routines (Purvis et al., 2001). Accordingly, if
top management understands the benefits and the strategic importance of colocation as a flexible form of ICT
sourcing, the chances of a successful alignment on the
operational level are higher (Teo and Ang, 2000). With
regard to the colocation strategy, top management can
legitimize the operational infusion of the colocation
strategy by demonstrating its commitment and political
support in colocation deployment initiatives. Since the
pursuit of a colocation strategy provides firms with a
competitive ICT infrastructure, thereby improving operational agility of ICT-intensive business activities, top
management is expected to be aware of these benefits.
This awareness eventually leads to top management
support that is likely to facilitate the internal infusion of
the strategy. Thus, we propose:

Hypothesis 4a (4a): Environmental turbulence
moderates the positive relationship between top
management support and operational agility.
A similar moderating influence can be found for environmental turbulence on the relation between the extent of colocation and operational agility. In times of
high environmental turbulence, more firms will search
for ways to lower their ICT budget while maintaining or
even increasing the level of ICT effectiveness simultaneously. Thus, with more customers there will be more
providers in ICT colocation clusters as well which will —
due to network effects — lower costs even more. On
the contrary, in absence of high environmental turbulence, the need to colocate in order to generate opera-

Hypothesis 3 (H3): A higher level of top management support leads to a greater extent of colocation.
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tional agility is lower. This in turn reduces the offerings
in ICT colocation clusters, which subsequently make
them more expensive. Therefore, we propose:

productivity. Based on this information, we generated
dummy variables for firms with a high, medium, and low
IT intensity and included them as further control factors
in our research model.

Hypothesis 4b (H4b): Environmental turbulence
moderates the positive relationship between extent
of colocation and operational agility.

Design of the Empirical Study
To operationalize and empirically validate our research
model, we employed a multi-method research design
based on research cycles proposed by McGrath (1979).
As noted above, the design featured two main phases:
an exploratory phase to develop the measurement
model and an explanatory phase to test it using crosssectional data.

Control Effects
In addition to the moderating effect of environmental
turbulences, we assume a direct impact of turbulences
(Sambamurthy et al., 2003) on the level of operational
agility (i.e., organizations operating in stable industries
with predictable changes require, in general, a lower
level of agility compared to those who operate in fast
changing environments) (Tallon, 2008). Therefore, we
use the extent of environmental turbulences to control
how a colocation strategy can be utilized to achieve
operational agility. Accordingly, we expect that organizations operating in fast changing environments are
more likely to achieve higher levels of operational agility
compared to those operating in relatively stable environments.

In the exploratory phase, we followed the approach
suggested by Burton-Jones and Straub (2006) to operationalize the constructs and identify the measures. We
pursued this integrated research approach to account
for the specific research context thereby ensuring model completeness, appropriate and complete choices of
measures and dimensions, and practical relevance. We
aimed to identify and validate specific operationalizations of relevant value-added business activities that
benefit the most from the use of a colocation strategy.
Therefore, we first conducted several interviews with
experts to identify the dimensions and measures of the
conceptual model. These dimensions and measures
then provided the basis for a questionnaire issued during a Delphi study to obtain the detailed operationalization and specification of the constructs. The widely
used Delphi method is a structured, multi-pass group
decision process that can address research problems
where there is no absolute answer (e.g., Keil et al.,
2002). For our study, we selected a panel of 30 highlevel IT managers of companies that have adopted
colocation as an ICT strategy from a list of the largest
customers of a leading colocation provider in Germany.
Each panelist considered the list of factors we had developed, and we aggregated their individual responses.
Each panelist also ranked the factors identified by the
group in terms of their significance. We collated these
rankings to compile an overall ranking, and then
showed this ranking to each expert, along with their
original ranking, to allow them to review their ranking in
view of the aggregated group response.

Moreover, to account for differences among the investigated firms, we also included different control variables,
such as firm size (Zhu et al., 2006), firm age (Jayanthi
et al., 2009), earliness of adoption (Fichman, 2001),
and IT intensity (Bharadwaj et. al., 1999). Rogers (1995)
suggests that firm size (SIZE) relates positively to value
creation because large companies have more slack
resources, though they also may be hampered by
structural inertia. Moreover, one could expect older,
more established businesses to have greater experience and sufficient resources to host their ICT infrastructures in their own data center facilities (internal
hosting). Therefore, we included firm age (AGE),
measured as the number of years that a firm had been
in business, as a second control factor. Earliness of
adoption (TIME), which we measure as the years
elapsed since the first colocation activity, reflects that
firms, which initiated their colocation strategy implementation activities earlier, have had more time to
reach the later stages of adoption, so they might have
attained different magnitudes of operational agility as
well. In addition, the potential of colocation as an ICT
sourcing strategy may also vary depending on the IT
intensity (INTENS) within the industry. For example, for
financial services providers, IT not only facilitates supportive or administrative procedures but also implements productive and processing activities (Teubner,
2007). Consistent with previous literature, we define IT
intensity as the ratio of IT expenditures to total revenue
(Bharadwaj et al., 1999). The industry-level information
about IT intensity was obtained from the Gartner IT Key
Metrics Database which provides total IT investment
metrics and performance metrics to derive market
trends in IT spending, staffing, cost-efficiency, and
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Subsequently, we analyzed our proposed research
model in the explanatory phase using partial least
squares (PLS), a components-based structural equation modeling (SEM) technique, that concurrently tests
the psychometric properties of measurement scales
(through tests of the measurement model) and assesses the strength and direction of the hypothesized relationships (through tests of the structural model). This
method is appropriate for several reasons. First, PLS
handles measurement errors in exogenous variables
better than other methods, such as multiple regressions
(Chin, 1998). Second, components-based SEM ap-
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proaches require fewer distributional assumptions
about the data (Cassel et al., 1999). Especially in areas
of newly applied research and early stages of measurement instrument development, little is known about
the distributional characteristics of observed variables.
Third, PLS can accommodate both exploratory and
explanatory analyses, which is particularly suitable for
our research context. Although PLS is often used for
theory testing, it can also suggest where relationships
might exist and propositions for subsequent testing
(Chin et al., 2003). Therefore, the PLS approach is prediction oriented (Chin, 1998) and estimates latent variables as exact linear combinations of the observed
measures (Wold, 1982), which offers an advantage
because theory construction is as important as theory
verification. Fourth, PLS is able to accommodate
smaller samples and latent constructs in conditions of
non-normality for small to medium-sized samples (Chin,
1998).

frastructures. The respondents were asked to indicate
the percentage to which these key business activities
are facilitated by a colocation strategy. In particular, we
operationalized EoC as a formative construct setting an
indicator for a specific business activity to zero if the
business activity was not colocated. Otherwise, we utilized five-point Likert scales, as defined in Table A2 in
the Appendix, to measure the extent of colocation in the
identified business activities. As a result, our operationalization considers diversity and depth as the essential
dimensions of an assimilation construct simultaneously.
Thus, with regard to diversity, the EoC score is determined by the number of the identified business activities that are facilitated by a colocation strategy. In addition, the vertical impact of the colocation strategy on the
identified business activities (depth) also determines
the EoC measure.
Turning to the dependent variable, we analyzed the
added business value in terms of operational agility,
which can be realized by using colocation as an ICT
sourcing strategy. In line with previous research and the
theoretical development, we operationalized operational agility by identifying different characteristics of an
agile business activity. According to the theoretical conceptualization and the results of our comprehensive
literature review depicted in Table A1, we operationalized the operational agility (OA) construct as a dependent variable that captures the agility creation momentum of colocation strategy adoption, attributed mainly to
the operational level. Since agile business processes
are characterized by the (not mutually interchangeable)
presence of these six dimensions (Adler et al., 1999),
we assume that they covary to a high extent. Accordingly, OA was operationalized as reflective model and a
two-stage approach was utilized (Yi and Davis, 2003) to
include this construct as a dependent variable in the
structural model. In particular, the latent variable scores
were extracted in an initial analysis for each of the four
identified business activities that benefit from operational agility. Subsequently, to measure the OA construct in the overall research model, we averaged the
latent variable scores for each business activity that is
facilitated by utilizing a colocation strategy.

Ensuring Content Validity of the New Measures
Whenever possible, we adapted existing measures
from previous empirical studies to our research context.
For “top management support” (TMS), we applied the
operationalization of Ragu-Nathan et al. (2004) while
we built upon Pavlou and El Sawy (2006) and Jaworski
and Kohli (1993) for the “environmental turbulence” (ET)
construct.
To ensure the content validity for the two new constructs “extent of colocation” as well as “operational
agility”, we performed additional validity checks, e.g., by
conducting expert interviews as well as using a panel of
practitioners and academics to review the survey instrument and suggest refinements to the wording of the
indicators (measurement items). Each construct is represented by a set of indicators, as listed in Table A2 in
the Appendix.
The scale development for the “extent of colocation”
(EoC) construct is based on a review of existing literature in the field of innovation assimilation. In particular,
we used the operationalization identified by Massetti
and Zmud (1996) and adapted by Liang et al. (2007),
as a guide to develop our EoC scale. However, since
we refer to another technological context, not all items
provided by Massetti and Zmud (1996) could be replicated. Moreover, in the interest of maintaining the conciseness of the questionnaire, we decided to focus on
business activities that are likely to benefit most from
colocation sourcing. Thus, the Delphi study conducted
as part of the exploratory phase revealed that four
business activities benefit the most from a colocation
strategy: (1) access to external ICT infrastructures
(point-of-presence); (2) hosting of business applications;
(3) hosting of storage or storage-area networks; and (4)
hosting of Web pages, Internet portals, e-business in-
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Data Collection & Sample Profile
To validate the research model and the associated hypotheses, we finally conducted a questionnaire-based
survey, featuring strategic decision-makers from different German firms and industry sectors (see Figure 1,
outer circle) that have adopted a colocation strategy for
at least one of the four selected business activities.
From an empirical perspective, our focus on a single
country enabled us to control for extraneous countryspecific factors that could confound the analysis, which
enhances internal validity (Zhu and Kraemer, 2005).

18

Volume 47, Number 2, May 2016

Table 1. Sample characteristics (n = 137)
Industry sector

Firm size (#employees)

Application service, hosting service, Internet
service, content delivery network

44 (32%)

Digital media, online retail, e-business

30 (21%)

Financial services

16 (12%)

Consulting, IT development, systems integra- 19 (14%)
tor
Manufacturing, wholesale and retail, logistics
services

13 (10%)

Public sector

6

(4%)

Other services provider

9

(7%)

Firm age

≤ 250 55 (40%)

<5 years

14 (10%)

5-10 years

27 (20%)

1,001 - 5,000 17 (12%)

10-20 years

54 (39%)

5,001 - 10,000 23 (17%)

20-50 years

18 (13%)

>50 years

24 (18%)

251 - 1,000 17 (12%)

> 10,000 25 (18%)

Year of first colocation adoption
< 2000 30 (22%)
2000-2003 31 (23%)
2003-2006 26 (19%)
2006-2009 50 (36%)

Respondent’s position

Respondent’s tenure

C- level management (e.g., CTO, CIO)

44 (32%)

≤ 2 9 (7%)

Directors (ICT & Operation)

45 (33%)

2 - 5 18 (13%)

ICT project manager

28 (20%)

5 - 10 30 (22%)

Other ICT decision-maker

20 (15%)

10 -15 40 (29%)
> 15 40 (29%)

Moreover, we followed a key informant approach (Bagozzi and Phillips, 1991) to collect data on firms and
their actual colocation-related business activities. In IS
research, this approach is often used to extract information on organizational factors, especially in the context of the business value of IS (e.g., Tanriverdi, 2005).
Therefore, in October 2009, we extracted a list of 1,012
potential participants from a contact database of a large
colocation provider in Germany and invited them to
participate in the survey by completing an online questionnaire. The reported positions of the informants (Table 1) suggested that the sample was an accurate representation of the population of interest. Since the respondents were senior executives responsible for
(parts of) the ICT infrastructures in their respective firm,
it can be assumed that they are familiar with different
sourcing strategies in general and have significant
knowledge about colocation activities of their firm. In
other words, their response can be assumed to represent the organizational perspective.

plication hosting, 68 for storage hosting, 92 for Web
hosting, and 86 for the access to external ICT infrastructures. The key characteristics of the sample are
shown in Table 1. The descriptives of our sample
demonstrate that the participating firms belong to a variety of industry sectors, with the majority of service
providers heavily relying on a powerful and reconfigurable ICT infrastructure, such as the digital media, financial services, or online retail and e-business industry (Overby et al., 2006). Accordingly, we suppose that
especially those firms can leverage sourcing capabilities to enable operational agility. The figures show that
the firms are pursuing a colocation strategy for more
than five years on average. Moreover, the firm sizes
indicate that the data sample is a representative subset
of the German corporate landscape where small and
medium-sized enterprises generate a large amount of
the total economic output. As discussed below, some of
these organizational factors were also included as control variables in our data analysis.

Since the study aimed at colocation strategy adopters,
the study participants were asked to indicate whether
they had already adopted a colocation strategy or not.
In total, 142 responses (137 questionnaires with no
missing values) were returned (response rate = 14.0%),
82 of which had adopted a colocation strategy for ap-

As the data were obtained from one key respondent of
each organization, we conducted a Harman’s onefactor test (Podsakoff and Organ, 1986) to control for
single respondent bias. To ensure the internal validity of
our analysis even further, we minimized influences that
may stem from common method bias by using different
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measurement scales to weaken systematic bias of the
measurement scale (King et al., 2007). Moreover, we
followed Podsakoff et al. (2003) and Liang et al. (2007)
to test the PLS model with a single, latent method factor in the measurement model. However, the results
indicate that one factor cannot adequately account for
the variance and that the constructs of our research
model explain considerably more variance in the data
set than the common method factor.

indicator and indicator-to-construct correlations evidences convergent validity. Our results in Table 3 clearly show that almost all loadings of the reflective constructs are greater than the recommended threshold of
0.707 (Chin, 1998), such that there exists more shared
variance between the construct and its indicators than
error variance, and the measurement items used are
adequate for measuring each construct. Although the
loadings for a few items do not exceed the threshold,
the cross-loadings shown in Table 2 reveal that they
load significantly higher on their own construct than on
any other construct.

Data Analysis & Results
As a SEM technique, PLS analyzes a measurement
model and a structural model simultaneously and combines the advantages of regression analysis and multivariate measurement approaches. The results for the
PLS estimation were obtained from SmartPLS (Version
2.0 M3). Because PLS does not directly provide significance tests, we applied non-parametric bootstrap resampling to determine the confidence intervals for all
parameter estimates and provide a basis for our statistical inference. Specifically, the performance of an estimator of interest depends on its parameter and standard error bias, relative to repeated random samples
drawn with replacement from the original observed
sample data (Marcoulides and Saunders, 2006).

Construct reliability refers to the internal consistency of
the measurement model (Straub et al., 2004), or the
degree to which items are free from random error and
yield consistent results.
Composite reliability (CR) is an aggregate measure of
the degree of inter-correlation or internal consistency
among measurement items of the same construct and
indicates how reliably the construct is represented by
its indicators (Chin, 1998). Table 3 shows that the CR
score of each construct is greater than the recommended threshold of 0.7 (Hair et al., 1998), which is
evidence of sufficient reliability. The Cronbach's alpha is
a traditional, alternative measure for estimating internal
consistency; it assumes equal weights of all items of a
construct and depends on the number of items. As we
show in Table 3, all Cronbach’s alpha values exceed
the critical value of 0.7 (Nunnally, 1978), in further support of the internal consistency among the measurement items.

Moreover, we checked the required sample size with
regard to the presented research model. Therefore, we
conducted a statistical power analysis based on the
portion of the sub-model with the largest number of
predictors (Chin and Newsted, 1999). With regard to
our theoretical development and the proposed hypotheses, the largest number of endogenous constructs as
predictors (including main effects, interaction effects,
and controls) is 10. Assuming a medium effect size as
defined by Cohen (1988), the power tables of Green
(1991, p. 503) point to a minimum sample size of 117
that is needed to obtain a power of 0.80 (alpha = 0.05).
In addition, Reinartz et al. (2009) recently suggest a
minimum of 100 observations to achieve acceptable
levels of statistical power given a certain quality of the
measurement model. Consequently, our sample with
137 observations meets the sample size requirements
for testing the derived research model using PLS.

Construct validity instead refers to the wider validation
of measures (Straub et al., 2004). It reveals whether
indicators of the construct measure what they intend to,
from the perspective of the relationships between constructs and between the constructs and their indicators.
This validity can be assessed in terms of convergent
validity and discriminant validity (Campbell and Fiske,
1959). The test for convergent validity determines if the
indicators of latent constructs that theoretically should
be related are observed to be related in actuality. In this
context the average variance extracted (AVE)
measures the amount of variance that a construct captures from its indicators, relative to the amount due to
measurement error.

Validation of the Measurement Model
In order to validate the measurement model, the psychometric properties of all scales were assessed within
the context of the structural model through examination
of the individual item reliability, construct reliability, convergent validity, and discriminant validity (Chin, 2010,
Hair et al., 2011, Roldán and Sánchez-Franco, 2012).

As we indicate in Table 3 in the Appendix, the AVE values of all constructs are equal or above the recommended threshold of 0.5 (Fornell, 1992), so at least
50% of measurement variance is captured by a construct. Because the constructs have satisfactory AVE,
CR, and Cronbach’s alpha scores, the measurement
model exhibits convergent validity.

According to the individual item reliability, Loch et al.
(2003) claim that the existence of significant inter-
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Table 2. Item loadings and cross-loadings
TMS

EOC1

ET

OA

EoA2

SIZE2

AGE2

INTENS2

TMS1

0.78

0.37

0.32

0.51

0.13

-0.07

-0.22

0.26

TMS2

0.85

0.20

0.27

0.25

0.12

-0.06

-0.19

0.28

TMS3

0.89

0.33

0.28

0.40

0.23

-0.05

-0.05

0.22

TMS4

0.83

0.21

0.30

0.26

0.04

-0.12

-0.21

0.25

TMS5

0.82

0.27

0.23

0.22

0.17

-0.05

-0.05

0.22

TMS6

0.81

0.18

0.26

0.26

0.18

-0.07

-0.14

0.22

EoC Infrastructure 1

0.23

0.67*

0.21

0.44

0.35

0.00

-0.05

0.37

EoC App1

0.31

0.27*

0.01

0.32

0.22

0.02

-0.07

0.22

0.18

0.10

0.07

0.30

0.19

0.11

0.00

0.14

0.23

0.51*

0.03

0.39

0.08

-0.15

-0.01

0.01

ET1

0.23

0.10

0.75

0.21

0.19

0.02

-0.19

0.30

ET2

0.24

0.14

0.75

0.21

0.11

0.04

-0.10

0.15

ET3

0.30

0.07

0.76

0.17

0.18

0.09

-0.18

0.27

ET4

0.31

0.20

0.75

0.27

0.27

0.04

-0.18

0.30

ET5

0.19

0.02

0.74

0.13

0.18

0.05

-0.16

0.16

ET6

0.22

0.13

0.69

0.24

0.09

0.03

-0.12

0.17

ET7

0.21

0.06

0.75

0.20

0.19

-0.01

-0.11

0.24

ET8

0.19

0.11

0.72

0.17

0.17

-0.02

-0.20

0.30

0.42

0.56

0.30

1.00

0.31

0.03

-0.08

0.30

0.18

0.32

0.25

0.31

1.00

0.09

0.18

0.34

-0.08

-0.08

0.04

0.03

0.09

1.00

0.60

-0.06

-0.18

-0.06

-0.22

-0.08

0.18

0.60

1.00

-0.21

0.29

0.31

0.34

0.30

0.34

-0.06

-0.21

1.00

1
Storage
1
Web

EoC
EoC

2

OA

3

EoA

3

SIZE

3

AGE

3

INTENS

Notes. Top management support (TMS), Extent of Colocation (EoC), environmental turbulence (ET), operational agility (OA),
earliness of adoption (EoA), firm size (SIZE), firm age (AGE), IT intensity (INTENS).
1
formative measure with weights and significance levels, * p < 0.05 (two-tailed); 2 one-item measures

Table 3. Descriptive statistics as well as validity and reliability criteria
TMS
EoC1
ET
OA
EoA2
SIZE2
AGE2
INTENS2

Mean
5.01
1.92
5.26
3.13
5.96
4853
32.9
3.07

SD AVE CR Alpha
1.30 0.69 0.93 0.91
1.53 n/a n/a
n/a
0.97 0.51 0.89 0.86
2.11 n/a n/a
n/a
5.11 n/a n/a
n/a
1089 n/a n/a
n/a
46.1 n/a n/a
n/a
0.81 n/a n/a
n/a

TMS
0.83
0.34
0.34
0.42
0.18
-0.08
-0.18
0.29

EoC1

ET

OA

n/a
0.16
0.56
0.32
-0.08
-0.06
0.31

0.72
0.30
0.25
0.04
-0.22
0.34

n/a
0.31
0.03
-0.08
0.30

EoA2 SIZE2

AGE2

INTENS2

n/a
0.09
0.18
0.34

n/a
-0.21

n/a

n/a
0.60
-0.06

Notes.1 formative measure; 2 one-item measures
Top management support (TMS), Extent of Colocation (EoC), environmental turbulence (ET), operational agility (OA), earliness of adoption (EoA), firm size (SIZE), firm age (AGE), IT intensity (INTENS)
Mean value (Mean), standard deviation (SD), average variance extracted (AVE), construct reliability (CR), Cronbach’s alpha,
correlations among constructs (off-diagonal), and square roots of average variance extracted (diagonal).
All correlations with absolute values of |r| > .16 are significant at p < .05; all correlations with absolute values of |r| > .21 are
significant at p < .01.
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For discriminant validity, we tested whether indicators
of latent constructs that theoretically should not be related are actually observed as unrelated. MacKenzie et
al. (2005) propose an approach appropriate for evaluating the discriminant validity of both formative and reflective measures, which analyzes if the inter-construct
correlations are relatively low. The discriminant validity
for the reflective constructs also can be assessed by
analyzing the cross-loadings and the Fornell-Larcker
criterion. The cross-loadings reveal that each indicator
loading is much higher on its assigned construct than
on the other constructs, in support of sufficient discriminant validity on the indicator level (Henseler et al.,
2009). The Fornell-Larcker criterion (Fornell and Larcker, 1981) postulates that a construct must share more
variance with its assigned indicators than with any other
construct, as assessed by the relationships between
the inter-construct correlations and the square roots of
the AVE scores. In statistical terms, the square root of
the AVE for each construct should exceed the interconstruct correlations involving the construct (Fornell
and Larcker, 1981). As presented in Table 3, the calculated square root of each AVE score is greater than the
correlations between the construct and any other construct, which indicates satisfactory discriminant validity.

only; 2. additionally including all main effects; 3. full
models with all main effects, the interaction effects, and
all control factors). In addition, we followed the suggestions of Cohen et al. (2003) by conducting two additional estimations considering only one interaction term
per model to reduce multicollinearity issues.
Since the resulting models are fully nested, the difference in the explanatory power enables a valid model
comparison in terms of effect sizes. The explanatory
power of the structural model is measured by the
2
squared multiple correlations (R ) of the dependent
variable. According to Cohen’s (1988) approach, we
additionally considered the relative impact of a particular exogenous latent variable on the endogenous latent
variable by means of changes in the R² values, based
on the effect size f². Moreover, we refer to sample reuse techniques proposed by Stone (1974) and Geisser
(1974) to assess the model’s predictive validity by
means of the cross-validated redundancy measure Q².
The Q² values were obtained by using a blindfolding
procedure that omits every fifth data point and uses the
2
resulting estimates to predict the omitted data point. Q
values greater than 0 imply that the model has predictive relevance, whereas Q2 values less than 0 suggest
that the model lacks predictive relevance.

For the formative construct EoC, we additionally assessed the potential threat of collinearity by analyzing
the bivariate correlations among the indicators and with
their construct as well as by calculating variance inflation factors (VIF). The results show bivariate correlations among the four indicators ranging from 0.19 to
0.67, thus suggesting the (relatively limited) possibility
of collinearity. In addition, the VIF scores – ranging from
1.05 to 2.94 – show lower values than the proposed
threshold of 3.3 (Petter et al., 2007). Moreover, from a
conceptual point of view the operationalization of the
EoC construct suggests no major overlap of its indicators. Thus, where collinearity has been ruled out as a
cause of destabilization of the construct, we could interpret the indicator weights and corresponding significance with t-values and p-values. The results (see Table 2) show positive and significant weights for all formative indicators with the exception of the indicator EoCStorage.

Comparing control model (including the control factors
only) with the model that additionally comprises all main
effects, the path coefficients and corresponding significance levels clearly indicate that the main effects decrease explanatory power of the control factors. A separate estimation showing positive and significant coefficients of EoA and INTENSITY on EoC demonstrates
that these control factors significantly influence the operational embeddedness of a colocation strategy. However, as the results show, we find support for H1 and
H2 in our survey data, indicating the positive effect of
top management support for the colocation strategy
and its implementation on the operational level on operational agility. For testing the indirect effect of TMS on
OA mediated by EoC (H3), we followed the three-step
approach proposed by Baron and Kenny (1986). Accordingly, we tested the significance of the direct effect
of TMS on OA and then considered the effect of TMS
on the mediator EoC. Finally, we tested the direct effect
of TMS on OA and the indirect effect through the mediator EoC simultaneously. In so doing, we followed researchers who recommended using the bootstrapping
procedure instead of the Sobel test to assess indirect
effects of mediation models (Shrout and Bolger, 2002,
Preacher and Hayes, 2008, Williams and MacKinnon,
2008). The bootstrapping procedure does not impose
normality of the sampling distribution and has a higher
statistical power while maintaining adequate control
over Type I errors.

Validation of the Structural Model
Because all constructs exhibit convergent and discriminant validity and almost all indicators satisfy various
reliability and validity criteria, we feel confident using
them to test the structural model and the proposed hypotheses.
The empirical results for the theoretically derived structural model are depicted in Table 4. Checking for robustness, we compared nested models for the dependent variable OA (1. baseline model with control factors
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Table 4. Empirical results of the hierarchical SEM analysis
Explanatory Variables
(on operational agility)

Controls

Nested Research Models (n = 137)
+ Interaction
+ Interaction
+ Main Effects
ETTMS
ETEoC
0.10
0.09
0.09
(0.08)
(0.11)
(0.11)

f2

Environmental Turbulence (ET)

0.15*
(0.04)

Firm Size (SIZE)

0.07
(0.34)

0.12
(0.11)

0.16*
(0.03)

0.18*
(0.03)

0.02

Earliness of Adoption (EoA)

0. 23**
(< 0.01)

0.10
(0.11)

0.08
(0.21)

0.08
(0.21)

0.02

Firm Age (AGE)

-0.10
(0.23)

-0.08
(0.15)

-0.08
(0.07)

-0.14
(0.07)

0.01

IT Intensity (INTENS)

0.16
(0.07)

0.04
(0.30)

0.05
(0.31)

0.07
(0.31)

0.01

H1: Top Management Support
(TMS)

–

0.20**
(< 0.01)

0.19*
(0.02)

0.20**
(< 0.01)

0.06

H2: Extent of Colocation (EoC)

–

0.44**
(< 0.01)

0.45**
(< 0.01)

0.41**
(< 0.01)

0.25

H3: TMS  EoC (indirect effect)

–

0.34**
(< 0.01)

0.34**
(< 0.01)

0.34**
(< 0.01)

–

H4a: ETTMS (moderating effect)

–

–

0.33**
(< 0.01)

–

0.18

H4b: ETEoC (moderating effect)

–

–

–

0.20*
(0.02)

0.10

R2 (∆R2)

0.17

0.41
(+ 0.24)

0.50
(+ 0.09)

0.46
(+ 0.05)

–

F test (∆R2)

–

17.36***

11.34***

5.83***

–

0.15

0.42

0.48

0.45

–

2

Q

0.02

Notes.
p-values are in parentheses below standardized path coefficients.
** p < 0.01, * p < 0.05 (two-tailed)

In this regard, an indirect effect is considered to be significant if its 95% bootstrap confidence interval of 5,000
bootstrap iterations does not include the value ‘zero’
(Preacher and Hayes, 2008). The results show that the
direct effect of TMS, without the mediator EoC, on OA
is significant (TMS->OA = 0.33, p < 0.01). Moreover, after
controlling for the mediator EoC, the direct effect of
TMS still shows a positive and significant effect (TMS>OA = 0.22, p < 0.01). The indirect effect of TMS through
the mediator EoC is significant and estimated to be
0.15 with a 95% bootstrap confidence interval of 0.09 to
0.23. However, the direct effect of TMS on OA stays
positive and significant (TMS->OA = 0.20, p = 0.02). This
means that TMS not only positively affects operational
agility directly but also indirectly through the realization
of the colocation strategy on an operational level, indi-
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cating a partial mediation effect of EoC (Shrout and
Bolger, 2002).
The moderating effects of environmental turbulence
(ET) were calculated following two different procedures.
The effect with ET as moderator and top management
support (TMS) as predictor was estimated according to
the product indicator approach proposed by Chin et al.
(2003). This approach was our first choice since, based
on the findings of Henseler and Chin (2010), the product indicator procedure provides a significantly and
substantially more accurate prediction than other approaches (e.g., the product sums approach) especially
if the sample size or the number of indicators per construct is medium to large, as was the case in our study.
However, since the extent of colocation was operationalized as a formative construct, the effect of ET as
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moderator and EoC as predictor was conceptualized
following the two-stage approach proposed by
Henseler and Chin (2010) as well as Henseler and
Fassott (2010). Accordingly, we first reduced multicollinearity by standardizing all indicators reflecting the
predictor and moderator constructs to a mean of 0 and
variance of 1. This also enables an easier interpretation
of the resulting regression beta for the predictor variable. The path coefficient represents the effect expected
at the mean value of the moderator variable, which is 0.
However, considering the potential high intercorrelations among the main effects (TMS, EoC, ET)
and interaction terms (TMSET, EoCET), we also assessed the potential threat of multicollinearity by analyzing the variance inflation factor (VIF). The VIF scores
of the exogenous variables show lower values than the
recommended level of 3.3, which indicates the absence
of multicollinearity (Petter et al., 2007). The estimation
results thus demonstrate that the effect of TMS on OA
is positively moderated by the turbulences of the environment (as a driver for operational changes), thus
supporting the hypothesis H4a for the analyzed business activities (ETxTMS->OA = 0.33, p < 0.01). Moreover,
the results support the hypothesized positive moderation of ET on the relationship between EoC and OA
(H4b) in our research context (ETxEoC->OA = 0.20,
p = 0.02).

in our analysis and thereby provides a solid estimation
of the degree to which environmental turbulence influences the adoption decision process and the business
value creation momentum in our data sample.
As a robustness check, we additionally estimated an
alternative research model that includes dummy variables for different industry sectors (instead of the firmspecific control variables) to control for cross-sectional,
industry-specific factors (e.g., ICT dependency, market
development, economic situation) (Chatterjee et al.,
2002, Zhu et al., 2006). The estimation results show
nearly equivalent coefficient estimates for the proposed
relationships. However, the alternative models show an
equal or even lower amount of the explained variance
of EoC and OA. Hence, the results provide support for
our initial models and we are reasonably confident in
the robustness of our results.

Discussion
Key Findings
Leveraging ICT sourcing strategies to respond to environmental dynamics in the form of operational agility
continues to be of high interest for managers and researchers (Hanseth and Lyytinen, 2010, Tilson et al.,
2010). The objective of this article is to extend our understanding of the interplay between colocation as
sourcing strategy and the value generation in turbulent
as well as in stable markets. We do this by embedding
top management support and the extent of colocation
in a nomological network that both affect operational
agility. Thereby, we regard ICT sourcing capabilities as
the capacity of a firm to purposefully extend, create, or
modify its ICT infrastructure to achieve tight alignment
with the business to enable a firm to capture new business opportunities. While espousing this view, we
ground our research in the theory of dynamic capabilities (Helfat et al., 2007, Teece, 2007, Teece et al., 1997)
and expose a conceptualization of colocation sourcing
as an enabler of important microfoundations of operational agility. To validate the impact of colocation on
operational agility also empirically, we developed a research model conceptualizing the interplay between top
management support, the extent of colocation for different business activities, and environmental turbulence
as major antecedent of operational agility.

With regard to the control variables, we note that firm
size (SIZE) positively influences the realized operational agility with regard to the investigated business activities, while AGE seems to be negatively related to OA
(even it is not statistical significant at the 0.05 level).
The results in Table 4 clearly indicate the robustness of
our estimations when controlling for other influence factors (ET, SIZE, TIME, AGE, INTENS). Accordingly, the
hypothesized main and moderating effects contribute
substantially to the explanatory power of our research
model. According to Chin (1998), an R2 value of 0.41
indicates a moderate amount of variance of the dependent variable explained by our main research model.
In particular, the explained variance increases about 24
percent for the full model compared to the baseline
model, which only includes the control factors. In detail,
both changes in the R2 values from the control model
as well as the full model with interaction terms are highly significant at the 0.01 level. In addition, the increasing and positive Q2 values for OA exhibit the predictive
relevance of the hypothesized explanatory variables
and moderator effects.

The results of our empirical analysis indicate a positive
influence of top management support on the realization
of operational agility for all investigated business activities (H1). Accordingly, the empirical investigation confirms the beneficial role of top management to overcome organizational resistance and to initiate changes
as an important responding capability. Top managers
are more apt to notice market opportunities and threats
as well as technological developments. Hence, top
management support improves sensing and responding capabilities that are important prerequisites of oper-

The analysis of the effect sizes (Cohen, 1992) further
confirms the explanatory power of the main effects and
ET as a moderator. Thereby, the effect sizes f2 of 0.18
(ETxTMS; H4a) and 0.10 (ETxEoC; H4b) indicate that
the corresponding influences are not only statistically
but also economically significant (Cohen, 1988). This
exhibits the extent of the theoretical relationships found
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ational agility (Overby et al., 2006). In addition to the
direct effect of top management support on operational
agility, the results clearly indicate that the operational
implementation of a colocation strategy mediates the
link between top management support and operational
agility. Thus, the results suggest that fostering the implementation of the colocation strategy in different
business activities facilitates the realization of operational agility as an important dynamic capability (H2).
Accordingly, our results show that implementing a colocation strategy improves a firm’s responsiveness while
also being able to realize effective and efficient application, storage, and Web hosting, as well as access to
external ICT infrastructures. Because of the formative
measurement specification of the EoC construct, we
were able to interpret each formative indicator based
on the weights, which provide information about the
relative importance of each indicator for the EoC construct (Chin, 1998). In addition, due to the formative
measurement model that is based on principles of multiple regressions, the weights provide information about
the predictive power of each indicator in relation to the
dependent variable associated with the construct. According to the empirical results depicted in Table 3, we
can conclude that the access to external ICT infrastructures (point-of-presence) (γEoC_Infrastructure = 0.67, p <
0.01), as well as hosting of Web pages, Internet portals,
and e-business applications are the main drivers for
assimilating a colocation strategy (γEoC_Web = 0.51, p <
0.01). Thus, it seems that these investigated business
activities benefit most from colocation activities with
respect to operational agility improvements. Accordingly,
flexible and scalable capacity adjustments, as well as
efficient and situational access to computing resources
and a reliable ICT infrastructure, are of central importance for different kinds of distributed (Web-based)
applications for mailing, messaging, and collaboration
that must be readily accessible anywhere and anytime.
This finding is also helpful to explain that a greater extent of colocation activities with regard to the access to
external ICT infrastructures leads to significant improvements in operational agility, which is a result of
efficient connectivity opportunities (i.e., direct access to
different carriers, WAN providers, and ISPs). In contrast,
the relatively low weight for storage hosting indicates
that colocation plays a minor role with respect to storage hosting activities. An explanation might be that outsourcing business-critical data increases strategic risk
(e.g., industrial espionage) and operational risk (e.g.,
intensified attacks on an emerging “single point of failure”) which may lead to increased administration and
security overhead and thus to lower operational agility
of storage hosting. This goes along with the negative
effect of IT intensity on operational agility for the business activity of storage hosting, indicating that especially the financial services industry is concerned about
data security issues.
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When looking at the impact of environmental turbulence,
the results indicate that a higher level of volatility accompany with a higher level of operational agility for the
investigated business activities. In other words, top
management support to build up operational agility is
more effective in times of high environmental turbulence due to lower organizational resistance to improve
effectiveness and lower costs. In line with these findings, our results confirm the reinforcing moderating effect of environmental turbulence on both the relation
between top management support and operational agility (H4a) as well as the relation between the extent of
colocation and operational agility (H4b). This means
that firms operating in highly dynamic environments can
gain a higher benefit from a colocation strategy since
more firms will search for ways to lower their ICT budget while maintaining or even increasing the level of ICT
effectiveness simultaneously. Thereby, our results confirm prior findings, which suggest that high levels of
dynamics could also spawn new opportunities (Sull,
2009) and create incentives to employ sourcing capabilities to reconfigure existing and allocate new resources and capabilities to pursue these emerging opportunities. This finding empirically supports the theoretical argumentation of Sambamurthy et al. (2003) with
respect to the role of digital options in creating operational agility. While the moderating effects as stated in
H4a and H4b could be confirmed, we could not find a
significant direct effect of environmental turbulence on
operational agility.
Implications for Research & Practice
This study provides the following three main contributions. First, we propose a research model that analyzes
the strategic value of sourcing ICT through colocation
based on the theory of dynamic capabilities, which already has been applied in prior IS literature but has not
been used in the context of ICT sourcing so far. Second,
we conceptualized, operationalized, and validated the
construct of operational agility as an important dynamic
capability in turbulent environments. The construct is a
prerequisite of organizational performance and a valuable measure for future investigations in the field of IS
value research. Third, we identified the moderating role
of environmental turbulence, with high environmental
turbulence being a facilitator of operational agility.
These key contributions are described in more detail in
the following.
Business value of colocation as an ICT sourcing strategy: The findings of our investigation go beyond prior
prescriptive recommendations for firms to expedite ICT
sourcing activities to decrease their fixed costs and increase firm performance. Our results do not contradict
to this advice but provide a more nuanced view, treating fast access to communication networks and the
availability of a high-performance ICT infrastructure as
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indispensable for accelerating digital transactions between geographically dispersed firms. In the light of this
paradigm, we show how the value of a flexible ICT
sourcing strategy can be investigated as a function of
whether it increases the agility of firms on an operational level. Thereby, we argue that colocation as a
sourcing strategy provides the ability to build, change,
or mobilize ICT resources and capabilities through the
establishment of (digital) networks and improved infrastructural facilities.

closer look into sourcing benefits when it comes to ICT
services sourcing from colocation centers. The findings
from this research illustrate that different business activities benefit in different ways from colocation, which is
the reason why the decision to which extent a firm
should use colocation requires a profound upfront analysis.
The moderating role of environmental turbulence: Our
results also indicate that colocation as an ICT sourcing
alternative is moderated by volatile environments,
thereby highlighting the options value of a colocation
strategy in times of high environmental turbulence.
More specifically, our results show that environmental
turbulence reinforces the impact of ICT sourcing opportunities on operational agility, stressing the notion that
the role of ICT infrastructure sourcing competence becomes more pronounced when the environment is
more turbulent. In addition, we were able to show that
the strategic impact (reflected by a higher level of top
management support) of ICT sourcing capabilities is
more likely to be evident in higher levels of environmental turbulence.

Operational agility as an important dynamic capability
and valuable measure for future investigations in the
field of IS value research: A central theme in IS research is the understanding of the value impact of ICT
on firm performance. However, the value contribution of
an ICT innovation is difficult to measure on the firm level and has led to inconsistent results in previous research (see, e.g., Melville et al. (2004) for a review).
One of the reasons for these contradictory findings is
the use of various general ICT-related constructs (e.g.,
ICT investments, ICT spending) that may have inhibited
the creation of a common understanding of the strategic role of ICT infrastructures. Although the generalized
concept of dynamic capabilities captures all reconfiguration capabilities, it remains on an abstract level (Winter, 2003). Hence, the identification of different kinds of
agility, such as operational agility or customer agility
(Roberts and Grover, 2012), as potential mediators of
the link between ICT capabilities and firm performance
in turbulent environments is an important result.

Limitations & Future Research
Despite the rich findings, our study has some limitations
that suggest avenues for future research. In this study,
we investigated colocation strategy as an enabler of
ICT sourcing capabilities leading to enhanced operational agility. Thereby, we expanded the conceptualization of enterprise ICT sourcing capabilities by reinterpreting it according to the dynamic capabilities theory in
the light of environmental turbulences accruing from
technological and market changes. However, to better
understand how to achieve dynamic capabilities
through flexible and high-performance ICT infrastructures, we further need to differentiate between types of
turbulences that result in forces of changes (e.g., Overby et al., 2006) and identify more differentiated classifications of ICT (sourcing) capabilities, which enable the
establishment of microfoundations of dynamic capabilities. Thereby, as a starting point, further research could
consider the differentiation between external and internal changes. An external change may come from market changes (i.e., changing customer needs) or from
regulations, whereas internal changes come from within the firm, e.g., due to a change in the business strategy. Further research should proceed to elaborate on the
identification and classification of different types of ICT
capabilities, such as ICT sourcing and ICT infrastructure capabilities that are needed to address these different types of environmental turbulence. Accordingly,
sourcing capabilities should be combined with the firm’s
ICT architecture competence (e.g., Ross, 2003), which
we consider as essential to achieve the improvements
in operational agility.

Moreover, the impact of an ICT innovation is best determined on the level at which business value is created directly, such as on the business activity and business process level (Melville et al., 2004, Raschke, 2010,
Ray et al., 2004). Accordingly, our research examines
the impact of ICT sourcing on the business activity level
by examining ICT as a platform for agility on which
business value is created (Sambamurthy et al., 2003).
The relationship between new ICT sourcing alternatives
(such as colocation sourcing) and operational agility is
of specific interest for practitioners since firms need to
expand their ICT infrastructures to better anticipate environmental changes and opportunities in future developments.
The mediating role of top management support on the
extent of colocation: Top managers have a direct impact on operational agility, as they are responsible for
setting the organizational rules, norms, and corporate
culture. However, they also indirectly influence operational agility via their investment decision and support
for ICT sourcing from a colocation center where they
can improve different business processes while enjoying having access to competitive services at the same
time. In so doing, they gain access to more digital options, which in turn increase operational agility. In this
regard, academia as well as industry need to have a
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Moreover, our results indicate that the relationship between ICT (sourcing) capabilities and operational agility
can be regarded as an important intermediary step in
better understanding the connection between ICT investments, business process support and ultimately
firm performance. Thus, the concept of operational agility can be thought of as a building block for research on
agility as an important dynamic capability of the firm.
However, a more comprehensive investigation of the
general concept of business agility might extend our
theoretical and practical implications regarding different
dimensions of business agility, such as market, network,
and operational agility (Sambamurthy et al., 2003) and
also to consider different sources of turbulences and
uncertainties.

Conclusion
In response to calls for more research in the area of
digital infrastructures and their importance for industry
(e.g., Tilson et al., 2010), we analyzed the potential of
ICT infrastructure sourcing (i.e., colocation sourcing) to
enhance operational agility. Considering the early stage
of ICT infrastructure strategy research that pertains to
digital infrastructures in general, and colocation in particular, we were able to provide one of the first insights
into that area.

References
Adler, P., Goldoftas, S. B., and Levine, D. I. (1999).
“Flexibility versus Efﬁciency? A Case Study of
Model Changeovers in the Toyota Production System.” Organization Science, Vol. 10 No. 1: pp. 4368.
Agarwal, R. and Selen, W. (2009). “Dynamic Capability
Building in Service Value Networks for Achieving
Service Innovation.” Decision Sciences, Vol. 40, No.
3: pp. 431-475.
Allen, B. R. and Boynton, A. C. (1991). “Information
Architecture: In Search of Efficient Flexibility.” MIS
Quarterly, Vol. 15, No. 4: pp. 435-445.
Atuahene-Gima, K. and Li, H. (2004). “Strategic Decision Comprehensiveness and New Product Development Outcomes in New Technology Ventures.”
Academy of Management Journal, Vol. 47, No. 4:
pp. 583-597.
Armenakis, A. A., Harris, S. G., and Mossholder, K. W.
(1993). “Creating Readiness for Organizational
Change.” Human Relations, Vol. 46, No. 6: pp.
681-703.
Bagozzi, R. P. and Phillips, L. W. (1991). “Assessing
Construct Validity in Organizational Research.”
Administrative Science Quarterly, Vol. 36, No. 3: pp.
421-458.
Bakos, J. Y. (1998). “The Emerging Role of Electronic
Marketplaces on the Internet.” Communications of
the ACM, Vol. 41, No. 8: pp. 35-42.
Baraldi, E. and Nadin, G. (2006). “The Challenges in
Digitalising Business Relationships: The Construction of an IT Infrastructure for a Textile-Related
Business Network.” Technovation, Vol. 26, No. 10:
pp. 1111-1126.
Baron, R. M and Kenny, D. A. (1986). “The Moderator–
Mediator Variable Distinction in Social Psychological Research: Conceptual, Strategic, and Statistical
Considerations.” Journal of Personality and Social
Psychology, Vol. 51, No.6: pp. 1173-1182.
Bharadwaj, A., Bharadwaj, S., and Konsynski B. (1999).
“Information Technology Effects on Firm Performance as Measured by Tobin’s Q.” Management
Science, Vol. 45, No. 6: pp. 1008-1024.
Bharadwaj, S., Bharadwaj, A., and Bendoly, E. (2007).
“The Performance Effects of Complementarities be-

Implicitly, we assumed that ICT sourcing from a colocation provider is a viable means to scale-up business
activities and to achieve higher levels of operational
agility. However, dynamic capabilities are also important
in economic situations where firms need to scale-down
their operations while keeping the same level of operational agility. This needs to be addressed in future research, e.g., to understand how business process performance can be maintained or even improved by upor downscaling of ICT infrastructure in a colocation center.
From a methodological perspective, future research
can benefit from more comprehensive data sets. Since
we included different industries, additional research
should focus on multi-group analyses to determine industry-specific differences. These findings may provide
more insights into industrial heterogeneity with regard
to different business activities and facets of agility. Furthermore, considering the cross-sectional nature of our
research design, we have focused on synchronous effects. To complement these findings, additional research might take a longitudinal approach and demonstrate the relations over time, thus accounting for diachronic effects. Moreover, the cross-sectional nature of
the available data limits our ability to observe how firms
react to different forms of change. Previous research
(e.g., Rindfleisch et al., 2008) already illustrated the
benefits of using longitudinal data that can be utilized to
investigate how the development of ICT capabilities
enables agility over time and how the success or failure
of agility contributes to future adoption decisions. Finally,
current research (e.g., Chin et al., 2012) demonstrated
that the unmeasured latent method construct approach
of Liang et al. (2007) has its limitations in detecting and
controlling for common method bias. Moreover, although the calculated Harman test is very often used, its
applicability is questioned and better statistical remedies should be used (Podsakoff et al., 2003). Consequently, future research should address possible common method biases by applying approaches that are
more appropriate.

The DATA BASE for Advances in Information Systems

27

Volume 47, Number 2, May 2016

tween Information Systems, Marketing, Manufacturing, and Supply Chain Processes,” Information
Systems Research, Vol. 18, No. 4: pp. 437-453.
Branzei, O., and Vertinsky, I. (2006). ”Innovation Pathways to Product Innovation Capabilities in
SMEs.” Journal of Business Venturing, Vol. 21, No.
1: pp. 75-105.
Burgess T. F. (1994). “Making the Leap to Agility: Defining and Achieving Agile Manufacturing through
Business Process Redesign and Business Network
Redesign.” International Journal of Operations &
Production Management, Vol. 14, No. 11: pp. 23-34.
Burton-Jones, A. and Straub, D. W. (2006). “Reconceptualizing System Usage: An Approach and Empirical Test.” Information Systems Research, Vol. 17,
No. 3: pp. 228-246.
Campbell, D. T. and Fiske, D. W. (1959). “Convergent
and Discriminant Validation by the MultitraitMultimethod Matrix.“ Psychological Bulletin, Vol. 56,
No. 1: pp. 81-105.
Capron, L., Dussauge, P., and Mitchell, W. (1998). “Resource redeployment following horizontal acquisitions in Europe and North America” Strategic Management Journal, Vol. 19, No. 7: pp. 631–661.
Cassel, C., Hackl, P., and Westlund, A. (1999). ”Robustness of Partial Least-Squares Method for Estimating Latent Variable Quality Structures.” Journal
of Applied Statistics, Vol. 26, No. 4: pp. 435-446.
Cassiman, B. and Veugelers, R. (2006). “In Search of
Complementarity in Innovation Strategy: Internal
R&D and External Knowledge Acquisition.” Management Science, Vol. 52, No. 1: pp. 68-82.
Chatterjee, D., Grewal, R., and Sambamurthy, V.
(2002). “Shaping Up for E-Commerce: Institutional
Enablers of the Organizational Assimilation of Web
Technologies.” MIS Quarterly, Vol. 26, No. 2: pp.
65-89.
Chiles, T. H. and McMackin, J. F. (1996). “Integrating
Variable Risk Preferences, Trust, and Transaction
Cost Economics.“ Academy of Management Review, Vol. 21, No. 1: pp. 73-99.
Chin, W. W. (1998). “The Partial Least Squares Approach to Structural Equation Modeling.” In G. A.
Marcoulides (Ed.). Modern Methods for Business
Research. Lawrence Erlbaum, Mahwah, NJ: pp.
295-336.
Chin, W. W. (2010). “Bootstrap Cross-Validation Indices
For PLS Path Model Assessment.” In V. E.Vinzi, W.
W. Chin, J. Henseler & H. Wang (Eds.). Handbook
of Partial Least Squares Concepts, Methods and
Applications. Springer, Berlin: pp. 83-97.
Chin, W. W. and Newsted, P. R. (1999). “Structural
Equation Modeling Analysis with Small Samples
Using Partial Least Squares.” In R. Hoyle (Ed.).
Statistical Strategies for Small Sample Research.
Sage Publications, Thousand Oaks, CA: pp. 307341.

The DATA BASE for Advances in Information Systems

Chin, W. W., Marcolin, B. L., and Newsted, P. R. (2003).
“A Partial Least Squares Latent Variable Modeling
Approach for Measuring Interaction Effects” Information Systems Research, Vol. 14, No. 2: pp. 189217.
Chin, W. W., Thatcher, J. B., and Wright, R. T. (2012).
“Assessing Common Method Bias: Problems with
the ULMC Technique,” MIS Quarterly, Vol. 36, No.
3: pp.1003-1019.
Cho, H., Jung, M., and Kim, M. (1996). “Enabling Technologies of Agile Manufacturing and its Related Activities in Korea.” Computers & Industrial Engineering, Vol. 30, No. 3: pp. 323-334.
Ciborra, C. U. and Associates. (2000). From Control to
Drift: The Dynamics of Corporate Information Infrastructures. Oxford University Press, Oxford, UK.
Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Lawrence Erlbaum Associates
Inc, Hillsdale, NJ.
Cohen, J. (1992). “A Power Primer.” Psychological Bulletin, Vol. 112, No. 1: pp. 155-159.
Cohen, J., Cohen, P., West, S. G., and Aiken, L. S.
(2003). Applied Multiple Regression/Correlation
Analysis for the Behavioral Sciences. Erlbaum,
Hillsdale, MI.
Cohen, L. and Young, A. (2006). Multisourcing: Moving
Beyond Outsourcing to Achieve Growth and Agility.
Harvard Business School Press, Boston, MA.
Cooper, R. and Zmud, R. (1990). “Information Technology Implementation Research: A Technological Diffusion Approach.” Management Science, Vol. 36,
No. 2: pp. 123-139.
D’Aveni, R. (1994). Hypercompetition: Managing the
Dynamics of Strategic Management. Free Press,
New York, NY.
Davamanirajan, P., Kauffman, R. J., Kriebel, C. H., and
Mukhopadhyay, T. (2006). “Systems Design, Process Performance, and Economic Outcomes in International Banking.” Journal of Management Information Systems, Vol. 23, No. 2: pp. 65-90.
Davenport, T. H. (2005). Thinking for a Living: How to
Get Better Performance and Results from
Knowledge Workers. Harvard Business School
Press, Boston, MA.
Dong, S., Xu, S. X., and Zhu, K. X. (2009). “Information
Technology in Supply Chains: The Value of ITenabled Resources under Competition.” Information Systems Research, Vol. 20, No. 1: pp. 1832.
Dove, R. (1995). “Measuring agility: The toll of turmoil.”
Production, Vol. 107, No. 1: pp. 12-14.
Dove, R. (2001). Response Ability: The Language, Structure and Culture of the Agile Enterprise. Wiley, NJ.
Duncan, R. B. (1972). “Characteristics of Organizational Environments and Perceived Environmental Uncertainty.” Administrative Science Quarterly, Vol. 17,
No. 3: pp. 313-323.

28

Volume 47, Number 2, May 2016

Eisenhardt, K. and Martin, J. (2000). “Dynamic Capabilities: What Are They?” Strategic Management
Journal, Vol. 21, No. 10-11: pp. 1105-1121.
Fichman, R. G. (2000). “The Diffusion and Assimilation
of Information Technology Innovations.” In R. W.
Zmud (Ed.). Framing the Domains of IT Management Research. Pinnaflex Educational Resources,
Cincinnati, OH: pp. 105-127.
Fichman, R. G. (2001). “The Role of Aggregation in the
Measurement of IT-related Organizational Innovation.” MIS Quarterly, Vol. 25, No. 4: pp. 427-455.
Fliedner, G. and Vokurka, R. (1997). “Agility: Competitive Weapon of the 1990s and Beyond?” Production & Inventory Management Journal, Vol. 38, No.
3: pp. 19-24.
Fornell, C. (1992). “A National Customer Satisfaction
Barometer: The Swedish Experience.” Journal of
Marketing, Vol. 56, No. 1: pp. 6-21.
Fornell, C. and Larcker, D. F. (1981). “Evaluating Structural Equation Models with Unobservable Variables
and Measurement Error: Algebra and Statistics.“ Journal of Marketing Research, Vol. 18, No. 1:
pp. 382-388.
Galunic C. and Eisenhardt K. M. (2001). „Architectural
Innovation and Modular Corporate Forms”. Academy of Management Journal, Vol. 44, No. 6: pp.
1229-1249.
Ganguly, A., Nilchiani, R., and Farr, J. V. (2009). “Evaluating Agility in Corporate Enterprises.“ International Journal of Production Economics, Vol. 118,
No. 2: pp. 410-423.
Geisser, S. (1974). “A Predictive Approach to the Random Effects Model.” Biometrika, Vol. 61, No. 1, pp.
101-107.
Gerpott, T. J. and Massengeil, S. W. (2001). “Electronic
Markets for Telecommunications Transport Capacities.” Telecommunication Policy, Vol. 25, No. 9: pp.
587-610.
Goldman, S. L., Nagel, R. N., and Preiss, K. (1995).
Agile Competitors and Virtual Organizations: Strategies for Enriching the Customer. Van Nostrand
Reinhold, New York, NY.
Goodhue, D. L., Chen, D. Q., Boudreau , M. C., Davis,
A., and Cochran, J. (2009). “Addressing Business
Agility Challenges with Enterprise Systems.” MIS
Quarterly Executive, Vol. 8, No. 2: pp. 73-87.
Goranson, H. T. (1999). The Agile Virtual Enterprise:
Cases, Metrics, Tools. Quorum Books, Westport,
CT.
Gsell, M. (2009). “Algorithmic Activity on Xetra.” Journal
of Trading, Vol. 4, No. 3: pp. 74-86.
Green, S. B. (1991). “How many Subjects does it Take
to do a Regression Analysis?” Multivariate Behavioral Research, Vol. 26: pp. 499-510.
Grover, V., Cheon, M.J., and Teng, J.T.C. (1996). “The
Effect of Service Quality and Partnership on the
Outsourcing of Information Systems Functions.”

The DATA BASE for Advances in Information Systems

Journal of Management Information Systems, Vol.
12, No. 4: pp. 89-116.
Haeckel, S. H. (1999). Adaptive enterprise: Creating
and Leading Sense-and-respond Organizations,
Harvard Business School Press, Boston.
Hair, J., Anderson, R., Tatham, R., and Black, W. (1998).
Multivariate Data Analysis with Readings. Prentice
Hall, Englewood Cliffs, NJ.
Hair, J., Christian M.R., and Sarstedt, M. (2011). "PLSSEM: Indeed a Silver Bullet." Journal of Marketing
Theory and Practice, Vol. 19, No. 2: pp. 139-151.
Hanseth, O., and Lyytinen, K. (2010). “Design Theory
for Dynamic Complexity in Information Infrastructures: The Case of Building.” International Journal
of Information Technology, Vol. 25, No. 1: pp. 1-19.
Helfat, C. E., Finkelstein, S., Mitchell, W., Peteraf, M. A.,
Singh, H., Teece, D. J., and Winter, S. G. (2007).
Dynamic Capabilities: Understanding Strategic
Chance in Organizations. Blackwell Publishing, Oxford, UK.
Henseler, J. and Chin W. W. (2010). “A Comparison of
Approaches for the Analysis of Interaction Effects
Between Latent Variables Using Partial Least
Squares Path Modeling.” Structural Equation Modeling: A Multidisciplinary Journal, Vol. 17 No. 1: pp.
82-109.
Henseler, J., Fassott, G. (2010). “Testing Moderating
Effects in PLS Path Models: An Illustration of Available Procedures.” In E. V. Vinzi, W. W. Chin, J.
Henseler, and H. Wang (Eds.). Handbook of PLS
and Marketing. Springer, Berlin: pp. 713-736.
Henseler, J., Ringle, C. M., and Sinkovics, R. R. (2009).
“The Use of Partial Least Squares Path Modeling in
International Marketing.” Advances in International
Marketing, Vol. 20, No. 1: pp. 277-319.
Jain, V., Benyoucef, L., and Deshmukh, S. G. (2008).
“What's the Buzz about Moving from "Lean" to "Agile" Integrated Supply Chains? A Fuzzy Intelligent
Agent-based Approach.“ International Journal of
Production Research, Vol. 46, No. 23: pp. 66496677.
Jaworski, B. J. and Kohli, A. K. (1993). “Market Orientation: Antecedents and Consequences.” Journal of
Marketing, Vol. 57, No. 7: pp. 53-70.
Jayanthi, S., Roth, A. V., Kristal, M. M., and Carter-Roth
Venu, L. (2009). “Strategic Resource Dynamics of
Firms.” Management Science, Vol. 55, No. 6: pp.
1060-1076.
Jie, Z., Han, L., and Ziegelmayer J. (2009). “Resource
or Capability? A Dissection of SEMs' IT Infrastructure Flexibility and its Relationship with IT Responsiveness.” Journal of Computer Information Systems, Vol. 50, No. 1: pp. 46-53.
Keil, M., Tiwana, A., and Bush, A. (2002). “Reconciling
User and Project Manager Perceptions of IT Project Risk: A Delphi Study.” Information Systems
Journal, Vol. 12, No. 2: pp. 103-119.

29

Volume 47, Number 2, May 2016

Kim, H. W. and Kankanhalli, A. (2009). “Investigating
User Resistance to Information Systems Implementation: A Status Quo Perspective.” MIS Quarterly, Vol. 33, No. 3: pp. 567-582.
King, W. R., Liu, C. Z., Haneyand, M. H., and He, J.
(2007). “Method Effects in IS Survey Research: An
Assessment and Recommendations,” Communications of the AIS, Vol. 20, No. 1: pp. 457-482.
Kohli, R. and Devaraj, S. (2003). “Measuring Information Technology Payoff: A Meta-Analysis of
Structural Variables in Firm Level Empirical Research.” Information Systems Research, Vol. 14,
No. 2: pp. 127-145.
Kritchanchai, D. and MacCarthy, B. L. (1999). “Responsiveness of the Order Fulﬁllment Process.” International Journal of Operations & Production Management, Vol. 19, No. 8: p. 812.
Kumar, A. and Motwani, J. A. (1995). “Methodology for
Assessing Time based Competitive Advantage of
Manufacturing Firms.“ International Journal of Operations & Production Management, Vol. 15, No. 2:
pp. 36-53.
Lacity, M. C. and Willcocks, L. (1998). “An Empirical
Investigation of Information Technology Sourcing
Practices: Lessons from Experience.” MIS Quarterly, Vol. 22, No. 3: pp. 363-408.
Liang, H., Saraf, N., Hu, Q., and Xue, Y. (2007). “Assimilation of Enterprise Systems: The Effect of Institutional Pressures and the Mediating Role of Top
Management.” MIS Quarterly, Vol. 31, No. 1: pp.
59-87.
Lin, C., Chiu, H., and Cho, P. (2006). “Agility Index in
the Supply Chain.” International Journal of Production Economics, Vol. 100, No. 2: pp. 285-299.
Loch, K. D., Straub, D. W., and Kamel, S. (2003). “Diffusing the Internet in the Arab World: The Role of
Social Norms and Technological Culturation.” IEEE
Transactions on Engineering Management, Vol. 50,
No. 1: pp. 45-63.
MacKenzie, S. B., Podsakoff, P. M., and Jarvis, C. B.
(2005). “The Problem of Measurement Model Misspecification in Behavioral and Organizational Research and Some Recommended Solutions.” Journal of Applied Psychology, Vol. 90, No. 4: pp. 710730.
Malecki, E. J. (2002). “The Economic Geography of the
Internet’s Infrastructure.” Journal of Economic Geography, Vol. 78, No. 4: pp. 399-424.
Marcoulides, G. A. and Saunders, C. (2006). “PLS: A
Silver Bullet?” MIS Quarterly, Vol. 30, No. 2: pp. iiiix.
Massetti, B. and Zmud, R. (1996). “Measuring the Extent of EDI Usage in Complex Organizations: Strategies and Illustrative Examples.” MIS Quarterly, Vol.
20, No. 3: pp. 331-345.
McGrath, J. E. (1979). “Toward a 'Theory of Method' for
Research on Organizations.” In R. T. Mowday and

The DATA BASE for Advances in Information Systems

R. M. Steers (Eds.). Research in Organizations: Issues and Controversies. Goodyear Publishing,
Santa Monica, CA: pp. 4-21.
Melville, N., Gurbaxani, V., and Kraemer, K. L. (2004).
“Information Technology and Organizational Performance: An Integrative Model of IT Business Value.” MIS Quarterly, Vol. 28, No. 2: pp. 283-322.
Menor, L. J., Roth, A. V., and Mason, C. H. (2001).
“Agility in Retail Banking: A Numerical Taxonomy of
Strategic Service Groups.“ Manufacturing & Service Operations Management, Vol. 3, No. 4: pp.
272-292.
Nagurney, A., Parkes, D., and Daniele, P. (2007). “The
Internet, Evolutionary Variational Inequalities, and
the Time-dependent Braess Paradox.” Computational Management Science, Vol. 4, No. 4: pp. 355375.
Nelson, R. R., and Winter, S. G. (1982). An
Evolutionary Theory of Economic Change.
Cambridge, MA, ,Belknap Press
Nunnally, J. C. (1978). Psychometric Theory. McGrawHill, New York, NY.
Okhuysen, G., and Kathleen M. Eisenhardt. (2002).
“Integrating Knowledge in Groups: How Simple
Formal Interventions Enable Flexibility.” Organization Science, Vol. 13, No.4: pp. 370-386.
Oosterhout, M.v., Waarts, E., and van Hillegersberg, J.
(2006). “Change Factors Requiring Agility and Implications for IT.” European Journal of Information
Systems, Vol. 15, No. 2: pp 132-145.
Overby, E., Bharadwaj, A. S., and Sambamurthy, V.
(2006). “Enterprise Agility and the Enabling Role of
Information Technology.” European Journal of Information Systems, Vol. 15, No. 2: pp. 120-131.
Papazoglou, M. P., Traverso, P., Dustdar, S., and Leymann, F. (2007). “Service-Oriented Computing:
State of the Art and Research Challenges.” IEEE
Computer, Vol. 40, No. 11: pp. 38-45.
Pavlou, P. A. and El Sawy, O. A. (2006). “From IT Leveraging Competence to Competitive Advantage in
Turbulent Environments: The Case of New Product
Development.“ Information Systems Research, Vol.
17, No. 3: pp. 198-227.
Pavlou, P. A. and El Sawy, O. A. (2011). “Understanding
the Elusive Black Box of Dynamic Capabilities.”
Decision Sciences, Vol. 42, No. 1: pp. 239–273.
Petter, S., Straub, D. W., and Rai, A. (2007). “Specifying
Formative Constructs in Information Systems Research.“ MIS Quarterly, Vol. 31, No. 4: pp. 623-656.
Pfeffer, J. and Salancik, G. (1978). External Control of
Organizations: A Resource Dependence Perspective. Harper and Row, New York, NY.
Pittaway, L., Robertson, M., Munir, K., Denyer, D., and
Neely, A. (2004). “Networking and Innovation: A
Systematic Review of the Evidence.” International
Journal of Management Reviews, Vol. 5/6, No. 3/4:
pp. 137-168.

30

Volume 47, Number 2, May 2016

Podsakoff, P. M. and Organ, D. W. (1986). “Self-reports
in Organizational Research: Problems and Prospects.” Journal of Management, Vol. 12, No. 4: pp.
531-544.
Podsakoff, P. M., Mackenzie, S. B., Lee, J., and Podsakoff, N. P. (2003). “Common Method Biases in
Behavioral Research: A Critical Review of the Literature and Recommended Remedies.” Journal of
Applied Psychology, Vol. 88, No. 5: pp. 879-903.
Preacher, K. J., Hayes, A. F., 2008. “Asymptotic and
Resampling Strategies for Assessing and Comparing Indirect Effects in Multiple Mediator Models.”
Behavior Research Methods, Vol. 40, No. 1: pp.
879-891.
Preston, D. S. and Karahanna, E. (2009). “Antecedents
of IS Strategic Alignment: A Nomological Network.”
Information Systems Research, Vol. 20, No. 2: pp.
159-179
Purvis, R. L., Sambamurthy, V., and Zmud, R. W.
(2001). “The Assimilation of Knowledge Platforms
in Organizations: An Empirical Investigation.” Organization Science, Vol. 12, No. 2: pp. 117-135.
Ragu-Nathan, B. S., Apigian, C. H., Ragu-Nathan, T. S.,
and Tu, Q. (2004). “A Path Analytic Study of the Effect of Top Management Support for Information
Systems Performance.” Omega, Vol. 32, No. 6: pp.
459-471.
Rai, A., Brown, P., and Tang, X. (2009). “Organizational
Assimilation of Electronic Procurement Innovations.” Journal of Management Information Systems, Vol. 26, No. 1: pp. 257-296.
Raschke, R. and David, J. S. (2005). “Business Proth
cess Agility.” In Proceedings of the 11 Americas
Conference on Information Systems (AMCIS),
Omaha, NE, USA: pp. 355-360.
Raschke, R. L. (2010). “Process-based View of Agility:
The Value Contribution of IT and the Effects on
Process Outcomes.” International Journal of Accounting Information Systems, Vol. 11, No. 4: pp.
297-313.
Ray, G., Barney, J. B., and Muhanna, W. A. (2004).
“Capabilities, Business, Processes, and Competitive Advantage: Choosing the Dependent Variable
in Empirical Tests of the Resource-Based View.”
Strategic Management Journal, Vol. 25, No. 1: pp.
23-37.
Reinartz, W., Haenlein, M., and Henseler, J. (2009). “An
Empirical Comparison of the Efficacy of Covariance-based and Variance-based SEM.” International Journal of Research in Marketing, Vol. 26, No.
4: pp. 332-344
Ren, J., Yusuf, Y. Y., and Burns, N. D. (2003). “The Effects of Agile Attributes on Competitive Priorities: A
Neural Network Approach.” Integrated Manufacturing Systems, Vol. 14, No. 6: pp. 489-497.
Rindova, P. V. and Kotha, S. (2001). “Continuous
“Morphing”: Competing through Dynamic Capabili-

The DATA BASE for Advances in Information Systems

ties, Form, and Function.” Academy of Management Journal, Vol. 44, No. 5: pp. 1263-1280.
Rindfleisch, A., Malter, A. J., Ganesan, S., and Moorman, C. (2008). “Cross-sectional Versus Longitudinal Survey Research: Concepts, Findings, and
Guidelines.” Journal of Marketing Research, Vol.
45, No. 3: pp. 261-279.
Roberts, N. and Grover, V. (2012). “Leveraging Information Technology to Facilitate a Firm’s Customer
Agility and Competitive Activity: An Empirical Investigation.” Journal of Management Information Systems, Vol. 28, No. 4: pp. 231-269.
Rogers, E. M. (1995). Diffusion of Innovations. Free
Press, New York, NY.
Roldán, J. L. and Sánchez-Franco, M. J. (2012). “Variance-Based Structural Equation Modeling: Guidelines for Using Partial Least Squares in Information
Systems Research.” In M. Mora, O. Gelman, A.
Steenkamp, & M. Raisinghani (Eds.). Research
Methodologies, Innovations and Philosophies in
Software Systems Engineering and Information
Systems. IGI Global: pp. 193-221.
Ross, J. (2003). “Creating a Strategic IT Architecture
Competency: Learning in Stages.” MIS Quarterly
Executive, Vol. 2, No. 1: pp. 31-43.
Sabherwal, R., Jeyaraj, A., and Chowa, C. (2006). “Information System Success: Individual and Organizational Determinants.” Management Science, Vol.
52, No. 12: pp. 1849-1864.
Saeed, K. A., Malhotra, M. K., and Grover, V. (2005).
“Examining the Impact of Interorganizational Systems on Process Efficiency and Sourcing Leverage
in Buyer-Supplier Dyads.” Decision Science, Vol.
36, No. 3: pp. 365-96.
Sambamurthy, V., Bharadwal, A. S., and Grover, V.
(2003). “Shaping Agility through Digital Options:
Reconceptualizing the Role of Information Technology in Contemporary Firms.“ MIS Quarterly, Vol.
27, No. 2: pp. 237-263.
Santhanam, R. and Hartono, E. (2003). “Issues in Linking Information Technology Capability to Firm Performance.“ MIS Quarterly, Vol. 27, No. 1: pp. 125153.
Saunders, C. (2007). “MIS Journal Rankings, ISWorld.”
http://ais.affiniscape.com/displaycommon.cfm?an=
th
1&subarticlenbr=432, accessed 24 April 2012.
Sethi, A. and Sethi, S. (1990). “Flexibility in Manufacturing: A Survey.” International Journal of Flexible
Manufacture Systems, Vol. 2, No. 4: pp. 289-328.
Sharifi, H. and Zhang, Z. (1999). “Methodology for
Achieving Agility in Manufacturing Organizations:
An Introduction.” International Journal of Production
Economics, Vol. 62, No. 1: pp. 7-22.
Shariﬁ, H. and Zhang, Z. (2001). “Agile Manufacturing
in Practice: Application of a Methodology.” International Journal of Operations & Production Management, Vol. 21, No. 5-6: pp. 772-794.

31

Volume 47, Number 2, May 2016

Sherehiy, B., Karwowski, W., and Layer, J. K. (2007). “A
Review of Enterprise Agility: Concepts, Frameworks, and Attributes.” International Journal of Industrial Ergonomics, Vol. 37, No. 5: pp. 445-460.
Shrout, P. and Bolger, N. (2002). “Mediation in Experimental and Nonexperimental Studies: New Procedures and Recommendations.” Psychological
Methods, Vol. 7, No. 4: pp. 422-445.
Sieger, D., Badiru, A. B., and Milantovic, M. (2000). “A
Metric for Agility Measurement in Product Development.” IIE Transactions, Vol. 32, No. 7: pp. 637645.
Stone, M. (1974). “Cross-Validatory Choice and Assessment of Statistical Predictions.” Journal of the
Royal Statistical Society, Vol. 36 No. 2: pp. 111-147.
Straub, D., Boudreau, M. C., and Gefen, D. (2004).
“Validation Guidelines for IS Positivist Research.”
Communications of the AIS, Vol. 13, No. 1: pp.
380-427.
Sull, D. (2009). “How to Thrive in Turbulent Markets.”
Harvard Business Review, Vol. 77, No. 1: pp. 78-88.
Swanson, E. B., and Ramiller, N. C. (2004). “Innovating
Mindfully with Information Technology.” MIS Quarterly, Vol. 28, No. 4: pp. 553-583.
Tallon, P. P. (2008). “Inside the Adaptive Enterprise: An
Information Technology Capabilities Perspective on
Business Process Agility.” Information Technology
and Management, Vol. 9, No. 1: pp. 21-36.
Tallon P. and Pinsonneault A. (2011). “Competing Perspectives on the Link between Strategic Information Technology Alignment and Organizational
Agility: Insights from a Mediation Model.” MIS
Quarterly, Vol. 35, No. 2: pp. 463-486.
Tanriverdi, H. (2005). “Information Technology Relatedness, Knowledge Management Capability, and Performance of Multibusiness Firms.” MIS Quarterly,
Vol. 29, No. 2: pp. 311-334.
Teece, D. J., Pisano, G., and Shuen, A. (1997). “Dynamic Capabilities and Strategic Management.“ Strategic Management Journal, Vol. 18, No.
7: pp. 509-533.
Teece, D. (2007). “Explicating Dynamic Capabilities:
The Nature and Microfoundations of (sustainable)
Ernterprise Performance.” Strategic Management
Journal, Vol. 28, No. 13: pp. 1319-1350.
Teo, T. S. H. and Ang, J. S. K. (2000). “How Useful Are
Strategic Plans for Information Systems?” Behaviour & Information Technology, Vol. 19, No. 4: pp.
275-282.
Teubner, R. A. (2007). “Strategic Information Systems
Planning: A Case Study from the Financial Services
Industry.” Journal of Strategic Information Systems,
Vol. 16, No. 1: pp. 105-125.
Tilson, D., Lyytinen, K., and Sørensen, C. (2010). “Digital Infrastructures: The Missing IS Research Agenda.“ Information Systems Research, Vol. 21, No. 4:
pp. 748-759.

The DATA BASE for Advances in Information Systems

Tsourveloudis, N. C. and Valavanis, K. P. (2002). “On
the Measurement of Enterprise Agility.” Journal of
Intelligent and Robotic Systems, Vol. 33, No. 3: pp.
329-342.
van Hoek, R. I., Harrison, A., and Christopher, M.
(2001). “Measuring Agile Capabilities in the Supply
Chain.” International Journal of Operations & Production Management, Vol. 21, No. 1-2: pp. 126-147.
Vázquez-Bustelo, D., Avella, L., and Fernández, E.
(2007). “Agility Drivers, Enablers and Outcomes:
Empirical Test of an Integrated Agile Manufacturing
Model.“ International Journal of Operations & Production Management, Vol. 27, No. 12: pp. 13031332.
Weill, P. and Broadbent, M. (1998). Leveraging the New
Infrastructure: How Market Leaders Capitalize on
Information Technology. Harvard Business School
Press, Cambridge, MA.
Weill, P., Subramani, M., and Broadbent, M. (2002).
“Building IT Infrastructure for Strategic Agility,” MIT
Sloan Management Review, Vol. 44 No. 1: pp. 5765.
Williams, J. and MacKinnon, D. P. (2008). “Resampling
and distribution of the product methods for testing
indirect effects in complex models.” Structural
Equation Modeling, Vol. 15, No. 1: pp. 23-51.
Winter, S. (2003). “Understanding dynamic capabilities.” Strategic Management Journal, Vol. 24, No.
10: pp. 991-995.
Wold, H. (1982). “Soft Modeling: The Basic Design and
Some Extensions.” In K. G. Jöreskog and H. Wold
(Eds.). Systems Under Indirect Observation: Causality, Structure, Prediction. North-Holland, Amsterdam: pp. 1-54.
Xu, Z., Cheang, B., Lim, A., and Wen, Q. (2011). “Evaluating OR/MS Journals via PageRank.” Interfaces,
Vol. 41, No. 4: pp. 375-388.
Yang, S. L. and Li, T. F. (2002). “Agility Evaluation of
Mass Customization Product Manufacturing.” Journal of Materials Processing Technology, Vol. 129,
No. 1-3: pp. 640-644.
Yi, M. Y. and Davis, F. D. (2003). “Developing and Validating an Observational Learning Model of Computer Software Training and Skill Acquisition.” Information System Research, Vol. 14, No. 2: pp.
146-169.
Yusuf, Y. Y., Sarhadi, M., and Gunasekaran, A. (1999).
“Agile Manufacturing: The Drivers, Concepts and
Attributes.” International Journal of Production
Economics, Vol. 62, No. 1-2: pp. 33-43.
Youssef, M. A. (1994). “Editorial.” International Journal
of Operations and Production Management, Vol. 14,
No. 11: pp. 4-6.
Zahra, S, A., Sapienza, H. J., Davidsson, P. (2006).
“Entrepreneurship and Dynamic Capabilities: A Review, Model and Research Agenda.” Journal of
Management Studies, Vol. 43, No. 4: pp. 917-955,

32

Volume 47, Number 2, May 2016

Zhu, K., Dong, S., Sean Xin, X., and Kraemer, K. L.
(2006). “Innovation Diffusion in Global Contexts:
Determinants of Post-Adoption Digital Transformation of European Companies.” European Journal of Information Systems, Vol. 15, No. 6: pp. 601616.
Zhu, K. and Kraemer, K. (2005). “Post-Adoption Variations in Usage and Value of E-Business by Organizations: Cross-Country Evidence from the Retail
Industry.” Information Systems Research, Vol. 16,
No. 1: pp. 61-84.

tional logics of organizations, organizational mindfulness, and awareness. He serves as Senior Editor for
the DataBase and as Associate Editor for BISE and has
published over 25 journal and 80 peer-reviewed conference articles in outlets such as MISQ, JIT, JSIS
among others.
Immanuel Pahlke earned his Ph.D. at Goethe University Frankfurt, Germany. His research focuses on business agility, social capital, and IT assimilation. His research has been published in journals such as MISQ
and JIT and conference proceedings such as ICIS and
ECIS.

About the Authors

Jens Vykoukal earned his Ph.D. at Goethe University
Frankfurt, Germany. His research focuses on IT adoption and the impact on operational agility. His research
has been published in numerous journals and conference proceedings.

Roman Beck is Professor in the area of IT innovation
management and leadership at IT University of Copenhagen, Denmark. His research focuses on the role of IT
services sourcing, services management, and services
engineering with a special focus on IS outsourcing, social media, and virtualization. He is interested in institu-

The DATA BASE for Advances in Information Systems

33

Volume 47, Number 2, May 2016

Appendix A1
Table A1. Characteristics of operational agility
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Source
Agarwal and Selen (2008)
Burgess (1994)
Cho et al. (1996)
Dove (2001)
Fliedner and Vokurka (1997)
Ganguly et al. (2009)
Goldman et al. (1995)
Goranson (1999)
Jain et al. (2008)
Jie et al. (2009)
Kumar and Motwani (1995)
Lin et al. (2006)
Menor et al. (2001)
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Reconfigurability/
Flexibility

Characteristics of Operational Agility

X

X
X
X
X

To identify the different definitions of operational agility, we conducted a systematic literature review following the approach of
Webster and Watson (2002) to analyze, synthesize, and integrate the results of extant studies on agility. First, we created a list of
literature relevant for our review. Since operational agility - with our focus on ICT sourcing strategies - has most often been addressed in IS research as well as operations research and management science (Overby et al., 2005, Ganguly et al., 2009), we
started selecting top journals from each of these streams of literature. In this regard, we considered Saunders’ (2007) MIS journal
ranking. Since we could not find a similar ranking for operations research and management science, we followed the recommendations of Xu et al. (2011) to select the most influential scientific sources. Subsequently, we chose papers related to business
agility. This resulted in more than 200 articles that have been published since 1990, whereby the term “agility” is commonly used
in many different contexts not specifically related to the operational level (e.g., operational agility, operation-level agility, process
agility, manufacturing agility). Finally, we reviewed these articles and discussed the definitions and specifications to discover the
major components that characterize the concept of operational agility.
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Appendix A2
Table A2. Measurement items
Top Management Support (TMS)
(reflective measures)

7-point Likert (1 = strongly disagree; 7 = strongly agree)
Ragu-Nathan et al. (2004)

TMS1

Top management defined colocation as corporate data centre strategy

TMS4 Top management keeps the pressure on operating
units to deal with the colocation strategy

TMS2

Top management understands the importance
of our colocation strategy

TMS5 Top management understands the benefits of our
colocation strategy

TMS3

Top management supports our colocation strat- TMS6 Top management is interested in colocation
egy

Extent of Colocation (EoC)
(formative measures)

5-point Likert (1 = < 20%; 5 = 80–100%)
Liang et al. (2007), expert interviews, Delphi study

Please rate the extent of your colocation-based activities in the following areas:
EoC1 Access to external ICT infrastructure (Point-of- EoC3 Hosting of Storage-Area-Networks
Presence, PoP)
EoC2

Hosting of business applications

EoC4 Hosting of Web pages, Internet portals, e-business
infrastructures

Environmental Turbulence (ET)
(reflective measures)

7-point Likert (1 = strongly disagree; 7 = strongly agree)
Pavlou and El Sawy (2006), Jaworski and Kohli (1993)

ET1

The environment in our industry is continuously
changing.

ET5

In our kind of business, customers’ product preferences change a lot over time.

ET2

Environmental changes in our industry are very
difficult to forecast.

ET6

Marketing practices in our product area are constantly changing.

ET3

The technology in our industry is changing rapidly. ET7

New product introductions are very frequent in our
market.

ET4

Technological breakthroughs provide big opportu- ET8
nities in our industry.

There are many competitors in our market.

Operational Agility (OA) (reflective measures)
Exemplarily for application hosting

7-point Likert (1 = strongly disagree; 7 = strongly agree)
Literature review, expert interviews, Delphi study

The colocation strategy has…
OA1 … improved the flexibility of our business applica- OA4
tion hosting. (reconfigurability)

… improved the effectiveness of our business application hosting. (effectiveness)

OA2 … decreased the time-to market/ deployment
time of our business application services.
(responsiveness; time-efficiency)

OA5

… improved the latency of our business application
hosting. (efficiency)

OA3 … lowered our costs for changes in business ap- OA6
plication hosting.
(responsiveness; cost-efficiency)

… improved the quality of our business application
hosting. (quality)

Controls (1-item measures)

Open survey questions and secondary data
e.g., Rogers (1995), Fichman (2001), Zhu et al. (2006)

TIME

Years elapsed since first colocation activity

SIZE

AGE

Firm age in number of years

INTENS Ratio of IT expenditure to total revenue (%)
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Number of employees (worldwide)
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