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Assessing the Organizational Impact of I T Infrastructure Capabilities

Abstract

It has been strongly argued that information technology (IT) infrastructure has a strategic
impact on an organization. However, no empirical examination of this relationship has been
performed. In this paper, based on a survey of 236 firms, the organizationa impact of IT
infrastructure is assessed using aresearch model incorporating both direct and indirect impacts.
Our results show that, although there was little direct impact, IT infrastructure had a significant
indirect effect on organizational performance through itsimpacts on IS functional effectiveness
and business process effectiveness.

The results suggest that, in and of themselves, IT infrastructure capabilities have little
business value. Investmentsin IT infrastructure will be seriously undervalued if they are assessed
only interms of itsdirect link to organizational performance. IT infrastructureis of strategic
importance to an organization because it either enables or inhibits I'T applications and business
processes. It isthe manner in which IT infrastructure investments are applied to enhancing IS
functional performance and to improving business processes that is key to realizing their
business value.



Assessing the Organizational Impact of 1T Infrastructure Capabilities

Introduction

IT infrastructure issues are affecting al businesses (Leclaire, Cooper and Gorrio, 2000).
Because I T infrastructure is often intertwined with organizational structure and business
processes, it can be either an enabler or a barrier for planning and implementing new competitive
strategies and organizational changes (Broadbent, Weill and St Clair, 1999; Davidson and
Movizzo, 1996). This becomes more critical asthe new electronic businessis forcing companies
to make fundamental changes to their business strategies and processes, and do it fast. In
addition, technologies (both hardware and software) are advancing at the speed we have never
experienced before, with shorter life cycle and faster performance improvement. Companies
must continuously upgrade and renew their IT systems. However, IT and business changes can
not be implemented successfully without an IT infrastructure that supports the changes.

It isdifficult to change IT infrastructure in a short period time because it involves large
investments and evolves over along period of time (Xiaand King, 1999). IT infrastructure

investments have grown rapidly from 4.08% of GDP in 1996 to 4.53% in 1997 (Business Week,

1999) until they now represent more than 50% of total businessinvestments. Such investments
account for more than 58 percent of total 1T budgets and about four percent of firm revenues, and
they have increased at about 11 percent annually (Weill and Broadbent, 1998). AsIT systems
and application packages become increasingly diversified and multi-mediabased, akey
challenge IT managers face today is maintaining an I T infrastructure that is capable of

supporting not only what the organization is doing but also the changing business needs. Very

often, IT application projects failed or were significantly delayed because the needed



infrastructure was not in place. Thisis particularly the case in companies’ strive to deploy

el ectronic business applications. Many organizations found that I T infrastructure today is more
often an inhibitor of change than an enabler (Broadbent et al., 1999). Asaresult, IT
infrastructure becomes an increasingly important factor that affects organization competitiveness
(WEeill and Broadbent, 1998). The importance of thisissueis evidenced by a survey of top
information systems (1S) executives who ranked building aresponsive I T infrastructure as the
most important 1S management issue (Brancheau, Janz and Wetherbe, 1996).

Despite the widespread acceptance of the strategic importance of IT infrastructure, the
management of IT infrastructure remains poorly understood in industry (Weill and Broadbert,
1998). Because infrastructure is so fundamental to all businesses and business processes that its
role and importance are too often ignored. I T infrastructure does not receive adequate attention at
the time of decision making for IT investments, nor does it receive adequate recognition in the
planning and implementation of 1T systems and applications. The funding of infrastructure
improvements is the hardest to sell to senior executives because it is difficult to assess and justify
the business value of large infrastructure investment. As aresult, many IT application projects
are planned and implemented without a careful assessment of the need for infrastructure changes.
Determining whether and under what conditions I T infrastructure adds value to firms isan
important management question.

Research on IT infrastructure is still in its early theory development stage. Most
publications are conceptual and anecdotal in nature (e.g., Broadbent and Weill, 1997; Earl, 1989;
Grossman and Paker, 1989; Keen, 1991; Mata, Furest and Barney, 1995; McKay and Brockway,
1989; Weill, 1993; Weill and Broadbent, 1998). A few studies have examined the characteristics

of IT infrastructure (Broadbent, Weill, O’ Brien and Neo, 1996; Broadbent et al., 1999; Duncan,



1995). To the best of our knowledge, no research has empirically studied the relationship
between IT infrastructure and organizational performance. A general limitation of this literature
isthe lack of theories that guides systematic investigation of the impact of IT infrastructure.
Without atheoretical foundation and a cumulative body of empirical research, our understanding
of IT infrastructure and its organizational impact will remain too anecdotal and general to
provide managers with useful insights and recommendations for evaluating and managing their
IT infrastructure.

The purpose of this study is to determine whether and how IT infrastructure affects
organizational performance. A research model is developed that proposes both a direct effect of
IT infrastructure on organizational performance and an indirect effect mediated by the effects of
IT infrastructure on IS functional effectiveness and business process. The paper is organized as
follows. In the next section, the concept and characteristics of IT infrastructure are defined. The
literature on the business value of IT isthen reviewed to setup the conceptual basis for the
research model tested in this study. The forth section devel ops the research model and
hypotheses. In the research methods section, sample, data collection procedures and measures of
the variables are described. The sixth section reports the testing results of the research model and
hypotheses. The paper concludes with a discussion of the implications of the study.

Background

In this section, we review the literature on IT infrastructure and discuss the concept and

characteristics of IT infrastructure.
The concept of IT infrastructure
According to the American Heritage College Dictionary, infrastructure refersto (1) an

underlying base of foundation, especially for an organization or a system; and (2) the basic



facilities, services and installations needed for the functioning of a community or society, such as
transportation and communications systems. Thus, an infrastructure is the foundation or base
upon which something else “runs’ or “operates.” In other words, it is the foundation or base
without which something else can not run or operate.

Thereis genera consistency and agreement among researchers on the definition of 1T
infrastructure. McKay and Brockway (1989) define IT infrastructure as the enabling foundation
of shared information technology capabilities upon which business depends. They view I T
infrastructure as the shared portion of the IT architecture. Earl (1989) definesIT infrastructure
as the technological foundation of computer, communications, data and basic systems. He views
IT infrastructure as the technology framework that guides the organization in satisfying business
and management needs. Duncan (1995) refersto IT infrastructure as the set of IT resources that
make feasible both innovations and the continuous improvement of IT systems. Broadbent et al.
(1996) describe IT infrastructure as the base foundation of budgeted-for IT capability (both
technical and human), shared throughout the firm in the form of reliable services, and usually
managed by the IS group.

Thus, IT infrastructure is generally considered to be the foundation of shared IT
capabilities that enable the development of IT applications and the support of business processes.
Inthis study, IT infrastructure is defined as a set of I T resources and organizational capabilities
that are shared across the organization and that provide the foundation on which IT applications

are developed and business processes are supported.



Characterigticsof IT infrastructure

Star and Ruhleder (1996) characterize an infrastructure in terms of seven dimensions:
embeddedness, transparency, reach or scope, links with conventions of practice, embodiment of
standards, built on an installed base, and becomes visible upon breakdown.

In addition to these generic characteristics of infrastructure, some specific characteristics
have been suggested. Of particular importance are those characteristics that differentiate IT
infrastructure from conventional applications projects. Grossman and Packer (1989) identify
five such characteristics: champion/driver, purpose, scope, design requirements, and
management processes.

The champion, or driver, for IT infrastructure is usually the senior IT executive, while for
abusiness application project the champion is often the business manager. The purpose of a
business application project is to deliver business functionality, while the purpose of IT
infrastructure isto provide a platform for future business applications. The scope of a business
system isrelatively narrow, usually supporting one business process, product or function,
whereas the scope of I T infrastructure is much broader, crossing most functions and products.
The design requirements for business systems must fit within the existing I'T infrastructure, while
IT infrastructure projects have the objective of redefining and removing restrictions from the
firm’s T capability. Interms of management processes, for business application projects the
objective isto eliminate uncertainty as part of the specification process. In contrast, IT
infrastructure projects must cope with the uncertainty of future needs in terms of both IT
applications development and business changes. IT infrastructure investments require decisions
as to how much flexibility, and thus tolerance of uncertainty, should be built into the

infrastructure as well as concerning the specific mechanisms for doing so.



Modesof IT infrastructure

McKay and Brockway (1989) provide a planning model that outlines the relationships
between business planning and technology infrastructure planning. The portion of their model
that describes the three-layers of IT infrastructure was later adapted and further elaborated by
WEelll (1993). Based on their work, Figure 1 illustrates these basic elements of IT infrastructure.
IT infrastructure is shown as the foundation that support specific IT applications which in turn

enable the functioning of business processes.

At the base of this figure are the shared technological components that constitute the
basic building blocks of infrastructure hardware and software. These components include the
hardware, operating software, communications, other equipment and support required to enable
business applications (Earl, 1989; Turnbull, 1991). These technological components are readily
available in the marketplace (Weill, 1993) and thus, in and of themselves, provide no unique
value, although most organizations spend large portions of their resources evaluating the merits
of, and procuring, these IT components.

The“top” layer of thefigureisaset of shared IT services such as universal file access,
electronic data interchanged (EDI) or afull-service network. The IT components are combined
into shared IT services that support I T applications and business process capabilities. These
shared IT serviceslink IT components to business capabilities to create a broader base of IT
functionality and value. Broadbent et a. (1996) and Weill and Broadbent (1998) define this set

of shared IT services astherange of IT infrastructure.
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Figure 1. Key Componentsof IT Infrastructure
(Adapted from McKay and Broackway, 1989)
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In Figure 1, the middle layer of IT infrastructure is the human and organizational
capabilities that are needed to effectively utilize, leverage and bind all the IT components into
robust and functional 1T services. McKay and Brockway (1989) refer to those human and
organizational capabilities as“mortar.” Duncan (1995) refers to them as infrastructure planning
and management factors. This layer represents capabilities that combine and deploy the
technological componentsinto a shared set of capabilities or services that are fundamental to the
operation of the business. The elements of this layer allow other “direct purpose”’ uses of
technology to be feasible, and allow the successful implementation of the IT architecture.

IT human resources represent not only the technical skills but also the manageria and
organizational skillsof IT professionals to innovate and support critical business processes. 1T
planning and management practices produce the architectures, plans, standards, policies and
rules that govern the development of the technological components of I T infrastructure across
the organization.

Empirical studiesof IT infrastructure

In the empirical literature, Peter Welill and his colleagues have done extensive field
studies on the characteristics of IT infrastructure (Weill, 1993; Broadbent et al., 1996; Weill and
Broadbent, 1998; Broadbent et al., 1999). They have examined two characteristics of IT
infrastructure; reach and range. Reach refers to the extent to which the various IT components
and business functions are connected through IT infrastructure (Keen, 1991). Range refersto the
extent to which key IT services are provided by the corporate IS function as part of infrastructure
services (Broadbent et al., 1996; Weill and Broadbent, 1998). Their research has focused mainly

on the independent variables that influence I T infrastructure’ s reach and range. The results of



their studies suggest that more extensive of I T infrastructure reach and range were found in firms
with (1) rapid product change, (2) demands for synergies across business units, (3) needs for
integration of information and IT in the planning process, and (4) practices of tracking the
implementation of long term strategy.

Duncan (1995) reported another study on IT infrastructure. Using a survey of 82
organizations in the life/health insurance industry, Duncan (1995) studied the relationships
among IT infrastructure, perceived roles of IT investment, outsourcing, and responsiveness of 1T
function. Due to the inadequacy of her measures (e.g., measures on the responsiveness of 1T
function and some measures on I T infrastructure components), she was unable to test the
complete model; instead, a partial model was tested. She reported that certain dimensions of I T
infrastructure such as modularity, compatibility, and connectivity were determined by (1)
management attitudes toward the value of IT resources and (2) the support of organizational
structures. She aso found that outsourcing key data processing systems was associated with a
decrease in flexibility of those resources.

To the best of our knowledge, no research has empirically examined the relationship
between I T infrastructure and organizational performance. Two factors may explain thislack of
research . One explanation isthat the recognition of the importance and significance of 1T
infrastructure is arelatively recent phenomenon. “Building aresponsive I T infrastructure,” first
appeared, and was ranked sixth as an issue of importance, in the 1991 annual survey of members
of the Society for Information Management (SIM) (Niederman, Brancheau and Wetherbe, 1991).
It was then ranked as the most important IS management issue in the 1996 survey (Brancheau et
al., 1996). Thissuggest that only in the recent past that managers have started to devote special

attention to issuesrelated to | T infrastructure.



The second reason is undoubtedly that it is much more difficult to measure the attributes
of IT infrastructure than it is to measure those of specific IT applications or systems (Markus and
Soh, 1993). The lack of appropriate approaches and instruments for measuring I T infrastructure
may have contributed to the scant efforts to empirically study the characteristics and
organizational roles of IT infrastructure.

Evaluating the BusinessValue of IT

Since the organizational impact of IT infrastructure has not been empirically investigated,
the literature on the business value of IT investment is reviewed to develop a conceptual
understanding of the relationship between I T infrastructure and organizational performance.

Assessing the business value and organizational impact of IT investment has long been
an important issue for both researchers and practitioners. In general, empirical studiesin this
area can be grouped into two research streams. Thefirst research stream, primarily goal-
oriented, consists of studies that attempt to establish adirect link between IT investment and
measures of organizational performance. The second research stream, mainly process-oriented,
consists of studies that attempt to establish an indirect link between IT investment and
organizational performance through some intermediate process measures that are directly
affected by IT investment and use.

“Goal-oriented” research on thedirect link between IT investment and performance

Research that studies the direct link between IT investment and performance can be
further divided into two groups. The first group of studies focuses on the macro impact of IT at
either the economy or the industry level. The second group examines the impact of IT at the

firm level.
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At the economy and industry levels, researchers have attempted to link 1T spending with
outcome measures of productivity. Inawidely cited study of IT impact on the productivity of
information and production workers, Roach (1987) found that information worker productivity
had either declined in some sectors or not kept pace with production worker productivity in the
manufacturing sector. Loveman (1988) studied the manufacturing sector for the period from
1978 to 1984 and found no evidence that I T spending positively impacted productivity.
Similarly, other studies reported either a negative relationship (e.g., Berndt and Morrison, 1992;
Roach, 1991) or no relationship (e.g., Baily and Chakrabarti, 1988; Morrison and Berndt, 1990;
Osterman 1986) between IT investment and productivity.

At the firm level, researchers have focused on the relationship between I T investment and
measures of firm performance such as ROl and market share. In one of the earliest studiesin this
area, Cron and Sobol (1983) examined the relationship between three levels of computer
utilization and four measures of firm profitability. They found that on average, the impact of IT
was not significant, but that it seemed to be associated with both very high and very low
performers. Bender (1986), Harris and Katz (1988, 1991), Strassman (1990) and Weill (1992)
also found similar bi-model relationship. A number of studies (e.g., Krafcik, 1988; Oman and
Ayers, 1988; Pentland, 1989; Stabell and Forsund, 1983; Turner, 1985) reported no significant
relationship between IT firm performance. More recent studies (e.g., Alpar and Kim, 1990;
Banker and Kauffman, 1988; Brynjolfsson, 1996; Brynjolfsson and Hitt, 1993; Floyd and
Wooldridge, 1990; Hitt and Brynjolfsson, 1994; Lichtenberg, 1993; Tam, 1998), have reported
significant positive relationship between IT and firm performance.

In summary, empirical studies have failed to demonstrate a consistent direct link between

IT investment and performance. The overall findings of this research stream have been
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contradictory, ranging from a significant negative, to no significant relationship, to a bi-modal
relationship, to a significant positive relationship. Frustrated with the diappointing observation
that there was no or even negative relationship between I T spending and productivity, Roach
(1988, 1989) coined theterm “IT productivity paradox.” Loveman (1988) even concluded that
“the marginal dollar would best have been spent on nortIT input into production, such as non-1T
capital.” Solow (1987) lamented that “you can see the computer age everywhere but in the
productivity statistics.”

Mixed empirical results call for alternative theories and research approaches. Soh and
Markus (1995) contend that a productive research approach would be moving from the question
of whether IT creates value to how, when and why benefits occur or fail to do so. Among the
most compelling and widely accepted alternative approaches is one called the “ process-oriented”
approach. This approach points out problems related to the measurement and tracing of 1T
impacts using a single productivity measure. It argues that enterprise level impacts of IT can be
measured only through a“web of intermediate level contributions’” and calls for more detailed
investigation of how IT actually creates impacts close to the level of implementation (Banker and
Kauffman, 1988; Barua, Kriebel and Mukhopadhyay, 1995; Crowston and Treacy, 1986;
Kauffman and Welll, 1989; Kauffman and Kriebel, 1988a, 1988b; Kriebel, 1989;
Mukhopadhyay and Cooper, 1992; Weill, 1992).

“Process-oriented” research on theindirect link between I T investment and performance

As discussed above, most studies that attempt to establish adirect link between I T
investment and business value have used traditional measures of productivity. The traditional
measures of productivity, while important, are not necessarily appropriate measures of IT

business value and impact. IT investment and use affect various aspects of the organization and
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produce a broad spectrum of intermediate benefits such as improved production output, quality,
customer service and supplier relationships (Baruaet a., 1995; Brynjolfsson and Hitt, 1996; Hitt
and Brynjofsson, 1996). Traditional measures of productivity fail to capture these intermediate
benefits and thus underestimate the value of IT.

Related to this measurement issue is the problem of modeling adirect link between I T
investment and organizational performance. The direct linkage modeling approach, on which the
paradox rests, is based on the assumption that different firms are equally efficient and effective
in converting I'T investments into organization-level output. In reality, not all organizations are
ableto convert their IT dollarsinto I T assets with the same efficiency (Weill, 1992). Markus and
Soh (1993) argue that I T investment or spending does not necessarily directly lead to improved
organizational performance because some of the investment may be wasted due to poor IT
management, ineffective system design and organizational problems. The direct linkage
approach omits the intermediate processes through which IT investment is converted into
organization-level output.

Recognizing these measurement and modeling problems, researchers have proposed the
use of multi-faceted measures of 1T impact (Sethi and King, 1994; Mooney, Gurbaxani and
Kraemer, 1995). Severa researchers have proposed modelsthat link IT investment to
organizational performance through some intermediate processes. These process-oriented
models trace the path or chain of activities I T investment takes on the way to reaching firm-level
performance.

Markus and Soh (1993) propose amodel involving two sequential processes. The first
process explains how IT investment is converted into appropriate I T assetsincluding IT

infrastructure and a portfolio of applications. The second process explains how I T assets do or
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do not yield improved organizational performance. Soh and Markus (1995) propose a modified
version of the model which includes three processes. The first process, “the IT conversion
process,” trandates I T expendituresinto IT assets. The second process, “the I'T use process,”
links IT assets with IT impacts on business processes. The third process, “the competitive
process,” links I T impacts with organizational performance.

Beath, Goodhue and Ross (1994) propose a similar model involving two processes: the
first connects I T assets with | T-based business processes and the second connects | T-based
processes with business value. They propose that IT assetsimprove organizational performance
by affecting three intermediate processes: cycle time of application systems development,
productivity of operations, and strategic alignment of planning.

Sambamurthy and Zmud (1994) propose an “IT impact” model that consists of three
subprocesses. Thefirst process connects organizational input factorsto I'T management roles
and processes, the second connects I T management roles and processes to impacts on I T-based
business processes, and the third connects impacts on 1 T-based business processes to business
value.

Mooney et al. (1995) argue that firms derive business value from IT through itsimpacts
on intermediate business processes. The intermediate processes include the operational processes
that comprise afirm’s value chain and the management processes of information processing,
control, coordination and communication. The potential businessvalue of IT increasesas | T
continues to permeate and penetrate the organization, impacting an increasing number of
processes at a deeper level.

Four empirical studies have examined the impact of investmentsin EDI applications on

measures of intermediate process outcomes and measures of firm performance. Kekre and
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Mukhopadhyay (1992) reported afield study at LTV Sted investigating the business value of the
company’s EDI linkages with outside processors on its process outcomes. They found that,
compared to the old manual mode of information exchange, EDI transactions had more favorable
effects on quality and inventory measures. Srinivasan, Kekre and Mukhopadhyay (1994)
reported afield study that investigated the relationship through EDI between an automobile
manufacturing company and itsfirgt-tier suppliers. They found that the use of integrated EDI to
share schedule information lowered the level of shipping discrepancies.

Baruaet a. (1995) traced the causal chain between IT investment and firm performance
by looking at the effect of IT on intermediate variables. They proposed a two-stage model that
first incorporates the impact of EDI on intermediate process outcomes, and then measures the
impact of the intermediate process outcomes on aggregate firm performance. Using the MPIT
database for 60 business units from 1979 to 1983, they found that IT was positively related to
three of the five intermediate measures. Their results support using the two-stage model for
evaluating the impact of 1T on firm performance through intermediate processes.

Mukhopadhyay, Kekre and Kalathur (1995) examined the impact of EDI applications on
the intermediate manufacturing processes and firm-level performance. Using EDI transaction
datafrom 1981 to 1990 at Chryder, they found that the launching of EDI and the penetration of
EDI programs were associated with significant improvement in intermediate process outcome
measures such inventory turnover, obsolete inventory and premium freight. These intermediate
outcomesin turn led to significant cost savings at the aggregated level.

A “Process-Oriented” Mode of Organizational Impact of IT Infrastructure
Based on the above review, we propose a “ process-oriented” two-stage model to better

understand the process through which the organizational impact of 1T infrastructure can be
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evaluated. Such a conceptual understanding of the evaluation processis critical for formulating
appropriate research hypotheses. As shown in Figure 2, the impact of IT infrastructure may be

captured at two levels through two sub-processes:. aleverage process and a conversion process.

First-Order First-Order
Impact Measures Impact Measures
A , B o
IT Infrastructure - ISFunction > Organizational
Capabilities - Business Process Performance

A — Leverage process
B — Conversion process

Figure 2. A “Process-Oriented” Model of the Organizational Impact of IT Infrastructure

Leverage process

Thefirst sub-process (labeled A in Figure 2) captures the impact of 1T infrastructure on
the intermediate processes. This sub-processis named as “leverage process’ because it reflects
the organization’ s effectivenessin leveraging it' s I T infrastructure to deliver desired
performance at the intermediate level. Thisisthefirst stage of the two-stage evaluation model
derived from the process-oriented frameworks discussed in the preceding review (Baruaet al.,
1995; Beath et d., 1994; Markus and Soh, 1993; Mooney et a., 1995; Sambamurthy and Zmud,
1994; Soh and Markus, 1995).

A basic rationale for thisleverage link isthat appropriate use and leverage of IT
infrastructure capabilities inintermediate processes is a necessary condition for any

organizational impact to occur (Lucas, 1993; McKeen and Smith, 1993; Trice and Treacy, 1986).
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Since IT infrastructure is defined as the shared I T resources and capabilities that provide the
foundation upon which IT applications are developed and business processes are supported, two
sets of intermediate processes are considered in the conceptual model: the overall IS function and
the intermediate business processes.

Conversion process

The relationship between the first-order impact measures of IT infrastructure on the
intermediate processes and the second-order impact measures on organizationa performanceis
referred to as conversion process (labeled B in Figure 2). Thisisthe second stage of the two-
stage evaluation model derived from the process-oriented frameworks. Since the ultimate goal
of IT infrastructure is to improve the effectiveness and performance of the organization, the
conversion process represents the aggregated organization-level business value gained from the
investments in IT infrastructure.

While the leverage process represents the first-order impact of IT infrastructure, the
conversion process represents the second-order impact of 1T infrastructure. The effectiveness of
each sub-process is a necessary condition for any positive impact of IT infrastructure to occur.
There must aso be afit or complementarity between the two sub-processes. In addition, the
effectiveness of the leverage and conversion processes depends on not only the organization’s
ability to manage the boxes and linkages shown in Figure 2 but a so the fit or complementarity
between these sub-processes and other organizational factors and processes.

Research M odel and Hypotheses

Based on the conceptual model discussed in the previous section, aresearch model and a

set of hypotheses are devel oped (shown in Figure 3). Consistent with the conceptual model, the

research model and hypotheses address both the direct impact of IT infrastructure on
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organizational performance and the indirect impact through mediating effects of the intermediate

elements. The hypotheses corresponding to these relationships are discussed below.

H2

H4 (Indirect Effect 1)

IT Infrastructure

Capabilities
(ITIC)

H5

Effectiveness H3
» of IS Function
(ISEFF)
H1 Organizationa
> Performance
(ORGPERF)
H7 (Indirect Effect 2)
Effectiveness of H6

Direct impact of IT infrastructure on organizational performance

» Business Process
(BUSPROC)

Figure 3. Research Mode

The ultimate goal of investing in and implementing IT infrastructure is to improve

organizational performance. 1T infrastructure represents a long-term investment that provides

the foundation for the development of IT applications and the implementation of 1T-supported

business processes (Weill, 1993). Unlike specific IT applications that are believed capable of

creating direct business value (Parker and Benson, 1988; Keen, 1991) with demonstrable

financial and non-financial results (Banker and Kauffman, 1988; Clemons and Row, 1988), IT

18



infrastructure provides the organization with long-term strategic options and flexibility (Markus
and Soh, 1993; Duncan, 1995).

Therefore, the first hypothesis asserts the existence of a direct impact. Because of the
inconclusive results of studies that have studied such direct impact, it is not anticipated that this
hypothesis will be supported.

Hypothesis 1. The capabilities of an organization’s T infrastructure has a direct and positive
effect on organizational performance.

Indirect impact mediated by IS functional effectiveness

Based on the “ process-oriented” model shown in Figure 2, IT infrastructure is proposed
to first have afirst-order impact (leverage process) on the effectiveness of the IS function which
in turn produce a second-order impact (conversion process) on organizationa performance.

IT infrastructure capabilities are presumed to be amajor factor that determines the
effectiveness of, and the assignment of an appropriate role to, the IS function within the
organization. For instance, organizations that use IS for strategic purposes may allocate more
resources to I T infrastructure and expect greater effectiveness from the IS function. IT
infrastructure a so influences the effectiveness of the overall IS function by defining the
“freedom of IT.” Since the capability to develop or change IT applicationsis based on existing
hardware and software platforms, network configurations, distributed databases and system
architecture, the extent of IT infrastructure capabilities either facilitates or inhibits both
innovation and the continuous improvement of I'T applications and systems (Duncan, 1995).
Thus, the unique characteristics of an organization’s I T infrastructure make the cost and
efficiency of developing and implementing I'T applications different for various organizations.
In organizations with an inflexible or obsolete IT infrastructure, it may be necessary to upgrade

or redesign the IT infrastructure before any 1T innovations become feasible, resulting in
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significantly higher costs and longer development cycles. Therefore, it may be expected that the

greater the I T infrastructure capabilities, the more effective and efficient the overall IS function

isin meeting the organization’'s needs for the development and implementation of 1T

applications.

Hypothesis 2: The capabilities of an organization’s I T infrastructure positively affect the
effectiveness of the IS function.

Therole of the IS function has changed dramatically because of the strategic importance
that organizations placeon IT. Asthe environment becomes increasingly competitive and
dynamic, organizations increasingly use I T as a strategic weapon for competitive advantage (Ives
and Learmonth, 1984). IT isused not only to support the efficiency and effectiveness of
organizational structures and processes, but also to outmaneuver competitors (Bakos and Treacy,
1986) and to enable organizationa transformation (Davenport and Short, 1990). Asthe
dependence of organizations on IT increases, the effectiveness of the IS function in delivering
new or changed IT applications on time and within budget become critical factors affecting
organizational performance. Differencesin value generated by IT infrastructure may vary across
organi zations because of variations in the competence of the IS function in leveraging I'T
investment and converting IT infrastructure capabilities into value-generating applications
(Wseill, 1992). Thus, the effectiveness of the IS function should affect the organization’ s overall
performance.

Hypothesis 3: The effectiveness of the IS function positively affects organizational performance.

According to the process-oriented perspective of IT valuation, an effective IT
infrastructure aoneis not sufficient for enhancing organizational performance because an

infrastructure cannot improve organizational performance unlessit is used to deliver timely IT
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applications that meet business needs (Duncan, 1995; Lucas, 1993). The mediating role of the
IS function between I T infrastructure and organizational performance reflects the notion of
“conversion effectiveness’ proposed by Weill (1992). Evenif IT infrastructureis claimed to
have no direct performance outcomes at the organizationa level (Markus and Soh, 1993), it may
affect organizational performance by affecting the effectiveness of I'T applications and systems
development (Beath et al., 1994). It follows that instead of directly impacting organizational
performance, an organization’s I T infrastructure affects organizational performance indirectly
through its impacts on the effectiveness of the IS function.

Hypothesis 4: The capabilities of an organization’sIT infrastructure indirectly affect
organizationa performance through the effectiveness of the IS function.

Indirect impact mediated by business process effectiveness

Similarly, IT infrastructure is proposed to first have afirst-order impact (leverage
process) on the effectiveness of the business processes which in turn produce a second-order
impact (conversion process) on organizational performance.

By isolating economically and technologically distinct activities within a business,
Porter’ s (1985) value-chain model provides an effective framework for taking a closer look at
how IT infrastructure affects particular business activities and thus provides a starting point for a
detailed IT infrastructure impact analysis (Kauffman and Kriebel, 1988). IT infrastructureis
unique in that it has implications for both operational and management processes (Duncan, 1995;
Welll, 1993). Malone (1987) suggests that, in genera, IT consists of production and
coordination technologies. This proposition was supported by Lind and Zmud (1991) who found
that 1T support of value-chain activities encompasses two components. impact on primary
activities and impact on support activities.

Since IT infrastructure permeates the entire value chain, some and perhaps even all the
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activities and links in the value chain can be enhanced or transformed to provide a means of
competitive advantage (Hammer, 1990; Weill and Broadbent, 1998). IT infrastructure can
improve the efficiency of operational processes through automation, or enhance their
effectiveness and reliability by linking them together. IT infrastructure may enable the
organization to reduce cycle time and production costs, improve quality and customer service,
and increase sales. Management processes may be enhanced by information sharing, timely
communications, and improved decisions.

In addition, IT infrastructure provides the shared basis and foundation supporting
business processes. By making business process changes either possible or impossible, IT
infrastructure also represents the freedom of 1T-based business applications. It follows that
greater IT infrastructure capabilities would lead to greater effectiveness of the business processes
that they support.

Hypothesis 5: The capabilities of an organization’s I T infrastructure positively affect the
