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Abstract
At the end of the last century, few topics received more attention in the
management literature than that of virtual organizations (DeSanctis & Monge,
1999). In January 2008, the United States National Science Foundation (NSF)
convened a panel of experts who produced a report, Beyond Virtual, in which
they asked, “How do we define and evaluate success or failure in VOs (virtual
organizations)? The appropriate processes and metrics for evaluation may vary
as much as the VOs themselves and should be considered as a stream of
research” (Cummings, et al., 2008).
To understand the impact of virtual work, its effect needs to be measured
against performance. Public records of corporations offer a means to examine
six aspects of virtual work: distribution, language, currency, time zones, human
resources, and technology. Towards an Index of Virtualness proposes that if the
indexes of these virtual work elements have a relationship to performance, then
success or failure, with and without virtual work, may be measured: that
aspects of externally observable virtual work measured against performance
will establish a feasible metric.
The research finds that for the majority of the indexes examined, firms that
had reached a specific quantitative threshold of virtualness were likely to be
successful, while those working below the threshold were as likely to be
unsuccessful as successful. Thus achieving a threshold of virtual work will tend
towards success.
While the initial research in this thesis was based on corporate operations
since they offered a globally diverse set of activities with uniform performance
i

metrics, the technique of indexing virtual work is applicable to scholarly work,
as verified in the context of the Global CyberBridges project, which is taken as a
case for research applicability.
The broader impact of this research is the understanding that it is possible
to measure the impact of virtual work, and that some elements of virtual work
can offer a guide for successful commercial and scholarly ventures. The work
responds to the call from the academic community to develop a means of
measuring virtual work performance. In doing so it creates a new methodology,
and offers a means to understand the elements of virtual work and their
relationship with organizational performance.
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Toward an Index of Virtualness

1 Introduction

Towards the end of the 20th century, few topics received more attention in
management literature than that of virtual organizations (DeSanctis & Monge,
1999). By 2004, this had led some to propose that the study of virtualization
might be a scientific discipline (Camarinha-Matos, 2004). However, a scientific
discipline requires an approach that allows for peer review. In January 2008 the
NSF convened a panel of experts who produced a report, Beyond Virtual, in
which they asked, “How do we define and evaluate success or failure in VOs
(virtual organizations)? The appropriate processes and metrics for evaluation
may vary as much as the VOs themselves and should be considered as a stream
of research” (Cummings, et al., 2008). This thesis responds directly to that call
for research.
The challenge is not just to measure what is and is not working, but to
understand what should be measured, and how a measurement framework
should be constructed. Researching towards a reference set of metrics includes
identifying elements of virtual work suggested in the literature, and then
analyzing their organizational impact. This advances the scholarship of
virtualness by establishing the viability of one proposed set of factors to use in
the evaluation of virtual work in organizations. It advances the application of
virtual work by enabling organizations to understand changes to performance
associated with undertaking virtual work.
The thesis of this work is that a framework can be constructed that
demonstrates a relationship between virtual work and performance. The
research questions are designed to provide a framework to understand the
impact of initiatives such as the Grid, Cloud computing, and e-sciences, as well
TOWARD AN INDEX OF VIRTUALNESS

2

as the impact of commercial virtualization efforts on organizational
performance. In order to move from today’s vacuum for measuring the impact
of virtualness on the success or failure of virtual organizations, such a
framework must be established.
This is a timely undertaking, one articulated by the research community at
the NSF workshop and contemporary with the evolution of more pervasive
performance metrics. In academia these manifest in rating and ranking of
publications (Harzing, 2007); and in commercial ventures in new virtual
techniques that influence long-standing performance metrics (such as return on
equity) (Panteli & Tucker, 2009).
What these existing performance metrics lack, however, is an
understanding of what work contributes to them. This is similar to having an
apple orchard and assessing trees by the number of apples produced, rather
than assessing the number of apples in the context of which trees were watered,
pollinated, or pruned. The orchardist could decide to cut down
underperforming trees based on volume of apples produced and not realize
that the watering regime was the reason for different yields. Or the orchard
could undertake a watering regime without understanding how it affects apple
production. While this is a simplistic analogy, the same distinction exists
between virtual work and organizational performance and the risk of making
poor decisions about investing in individual elements of virtual work without
understanding the processes by which they contribute to performance applies.
This thesis, Towards an Index of Virtualness, establishes definitions through
a review of the literature in Chapter 2. Virtual work is defined as work in which
TOWARD AN INDEX OF VIRTUALNESS
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the agents are not co-located, presupposing that enabling technical
infrastructure is in place. “Towards” signals that this work is a start; there will
be significant opportunities to expand on what is achieved here. “Index” means
a reference number that guides, informs or directs.
In order to understand the relationship between virtual work and
performance, this paper first develops a framework that can be tested with a
random sample of commercial firms. The commercial firms offer a uniform data
set from public filings, and so provide a transparent test bed. While there are
many differences between commercial activities and scholarly work, the
commercial sample is first used as a means to examine the framework; later, in
Chapter 5 the framework is applied to a scholarly research project. The
reasoning behind this approach is that an initial understanding of how a valid
framework might look can best be obtained from a relatively large set of
comparable organizations rather than from the heterogeneous landscape of
scholarly research projects. A framework derived entirely from the research
space would either need to be so narrowly constructed as to lack broader
applicability or so general that any associations observed would not contribute
to new understanding.
The work begins in Chapter 2 with a review of the literature of virtual
work. Six elements of virtual work that are indicated in the literature and that
can be externally observed in a consistent manner using publicly available data
are identified: operational distribution, languages, time zones, currencies,
human resources, and technology.
Chapter 3 details a method to create a framework of virtual work and
TOWARD AN INDEX OF VIRTUALNESS
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performance. Formulas are constructed to examine the identified elements of
virtual work in context (the market). Different definitions of the market context
result in the creation of nine indexes, six of which represent three of the six
elements in different contexts.
The nine indexes are then compared against two metrics of performance
for the sample firms. The relationship between these values, and the thresholds
at which virtualness appears to make a difference to performance, are evaluated
and the results are reported in Chapter 4, as is an explanation of the findings.
Chapter 5 examines the framework against two scholarly research
projects, Cyberbridges and its virtual counterpart, Global Cyberbridges, and
also examines the general applicability of the framework to scholarly work.
Both communities – the for-profit and the scholarly – need a means to
understand how virtual work contributes to performance. The adaptability of a
framework validated in one space and refined in another provides the means to
advance understanding, as well as offering broad support for the validity of the
framework.
The research and methods are discussed in Chapter 6, which poses
questions about the research approach and details the decisions supporting
methods and results. Chapter 7 concludes with a discussion of the context of the
results and the broader applicability of the framework.

TOWARD AN INDEX OF VIRTUALNESS
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2 Review of the Literature
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2.1 Introduction
In Chapter 1 the thesis was postulated that an index of virtualization would
provide a mechanism for organizational assessment and improvement. This
chapter is concerned with establishing a context for this thesis through a review
of published works.
The literature is characteristic of a discipline in its formative stages (Kuhn,
1996). Such being the case, this review will start by establishing definitions.
Section 2.2 will look at the most commonly cited definitions and examine their
applicability to the context of this thesis.
Unconstrained definitions are unappealing because they are inherently
open to preconceptions and ambiguity. Most of the scholarly papers that are
reviewed cited references to explain what was meant by virtual organization.
Since these explanations vary, it is difficult to compare the work on a solid
footing of common definitions (Martins, Gilson, & Maynard, 2004). A 2001
study of literature provided over 175 definitions for virtual teams (Suchan &
Hayzak, 2001). As this thesis focuses on establishing metrics, a representative
set of variables needs to be generated, one that can offer value to varying
definitions of virtualness while being grounded in definable terms. This will be
based on a balanced definition of components; both an inclusive set of
circumstances and a clear set of variables can be analyzed. These variables
emerge from the review in section 2.2; they are detailed in structure for this
research in section 2.3.
Section 2.3 will review publications that describe those components of
TOWARD AN INDEX OF VIRTUALNESS
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virtualness that are variable and able to be assessed, in order to ascertain which
well known aspects of virtualization are believed to influence the success or
failure of a virtual organization.
This thesis takes the variables once they are established, and creates a set
of indexes with them. Research in other fields has included indexing human
resources management factors such as training (Huselid, 1995) and analysis of
organizational fit to practices believed to affect financial performance (Terpstra
& Rozell, 1993). Indexing organizational functions permits measurement of
correlation with firm or organizational performance (Huselid, 1995). The
overarching result of any organizational activity, such as virtualization, should
be assessed in the same way as other business practice. The pre-existing
frameworks for business improvement, such as the Malcolm Baldwin Quality
Award, have corresponding research, indexing awardees’ stock performance
against the S&P 500 for example (Porter, Tanner, & Excellence, 2004). Section 2.4
will describe indexing approaches as a basis for research.
Section 2.5 will demonstrate the originality of the approach taken in this
thesis to the indexing of virtualization by surveying the need for assessment
articulated in published studies and reports. This section will demonstrate that
some recent research projects have failed to arrive at results that were
comparable or sufficiently immediate for diagnostic use.

2.2 Defining Terms
The terms “virtuality”, “virtualization”, “virtual organization” or “virtual
team” in the context of business operations all convey a notion of something
that is to some degree not real. The unfortunate root word “virtual” emerged
TOWARD AN INDEX OF VIRTUALNESS
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from the technology that enabled the infrastructure that supports dynamic
organizations. The term “virtual” is necessary and unappealing at the same
time. It is necessary in that it states that something unconventional is happening
that requires a deliberate shift or action, and is at the same time challenged
because the unconventional has become more of the norm.
The definitions in the literature are structured around technology, people,
and finally the organization; each of these genres will be reviewed in this
section. The overarching difficulty in establishing a definition is deciding what
permutations are needed to serve the purpose for which, ultimately, it is used.
While the following sections will review all that has been published, this thesis
will focus on definitions that tend towards narrowing meaning, rather than
broadening scope.
With that said, although the following chapters pursue a scientific
understanding arising from the literature, an epigrammatic description of intent
in the use of some of these words may aid the reader. By “virtualness” or
“virtuality” or “virtual work”, a state or states of existence is meant, such as
that of operating in a virtual team, measured by a reference to what it is to be
virtual. When used as a verb, “virtualize” means to increase in virtualness. As
an adjective, “virtual” describes an activity or object as having characteristics of
virtualness. Of particular interest in this thesis is “virtual work”, work that has
characteristics of virtualness.
All of these definitions are dependent on what it means to be virtual. This
thesis assumes that virtualness is both a constant and a vector, meaning that it
is both a state of existence and in continuous evolution.
TOWARD AN INDEX OF VIRTUALNESS
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A survey of the literature in 2001 by Shultze and Orlikowski identified five
metaphors for virtual organization: platform, space, bits, community, and
network (Schultze & Orlikowski, 2001). Some of these metaphors are too
technologically specific (platform, bits, and to a lesser extent network) to lead to
a framework for measurement of virtualness – technology is itself a spectrum
(Foster, Kesselman, & Tuecke, 2001). While a baseline is needed to support
virtualization, too often the assessment of virtualization gets lost in the
assessment of the technology infrastructure (Khosrowpour, 2005). This will be
discussed in section 2.2.1, which analyzes the literature on technology-centric
discussions of virtualization.
Mowshowitz notes that “the individual components in the definition of
virtual organization have been around for some time. What is new is their
integration into a coherent and complete organizational paradigm. Neither the
conception nor the practice is likely to have arisen without the technological
innovations that make virtual organization practicable” (Mowshowitz, 2002).
There is a fine balance between what is technology enabled, and what is
technology assisted. Mowshowitz is able to examine the human components,
cautiously, by accepting the technology as an enabler but not as the ultimate
component or overarching metric. Section 2.2.2 examines the human or
“people” element of definitions of virtuality, which manifest systemically
through organizational alignment, which is discussed in section 2.2.3.
2.2.1

Technology-Centric Definitions

When defining virtual teams, authors tend to either include or allude to
technology. This section reviews technology-centric definitions in the literature
TOWARD AN INDEX OF VIRTUALNESS
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to determine why the definitions are structured specifically around technology,
and from this, to understand why or why not (or for that matter how or how
not) technology should be included in the baseline definition.
In a multi-part definition of virtuality that emphasizes the technology
component, Maznevski and Chudoba suggest that virtual teams “use
technology-supported communication substantially more than face-to-face
communications” (p. 473) (Maznevski & Chudoba, 2000). This is a concrete
description, and while the notion that reliance on technology is fundamental to
the definition of virtual work seems almost to be universally assumed (Zigurs,
2003), the Maznevski and Chudoba definition offers a measureable option.
Which occurs more: face-to-face communications or non-face-to-face? While
there are some barriers to reliably measuring this (for example, do you measure
the amount of time or the frequency?), the fundamental conjecture is that
weighing mediated (technologically-mediated in this case) against face-to-face
communication is a viable means of defining virtuality.
Examination of the input–process–output model (Powell, Piccoli, & Ives,
2004) of virtual teams also identifies technological mediation as a differentiating
component, and so worthy of research. A historical perspective reiterates that
technology mediation is the necessary core component for virtuality
(Warkentin, Sayeed, & Hightower, 1997). In a number of dated but still relevant
studies, researchers find that face-to-face teams perform better than technologymediated teams (Etzioni & Etzioni, 1999; Warkentin, et al., 1997; Warschauer,
1996). The critical aspect is the continuing assertion in the literature that
technology is a bridge over a distance that then defines what is virtual.
TOWARD AN INDEX OF VIRTUALNESS
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This approach decouples the process from the desired results. Ton van der
Smagt recognized this, and analyzed the communication itself to distinguish
monologue from dialogue, concluding that a paradigm exists for classifying
technology-mediated and face-to-face communications as monologue or
dialogue, where monologue is a vehicle for dissemination that does not adapt
for context. Dialogue, on the other hand, is a contextualized bi-directional
communication, which proceeds by iteration (2000).
When researchers begin to look at best practice (Lurey & Raisinghani,
2001; Montoya-Weiss, Massey, & Song, 2001; Venkatraman & Henderson, 1998)
they refer to the existing rubric of organizational success in order to evaluate,
and hence define, virtual teams. This is an intrinsic issue; virtual teams are
characterized in the literature as deviations from the norm, and regarded as
efforts to improve upon the norm. As van der Smagt (van der Smagt, 2000)
finds, when beginning his analysis, the complication is that virtual work is still
judged against “normal” processes, not against their ends.
Technology has a similarly perplexing place in the literature at large. The
well published field of business process innovation debates at great length the
fundamental role of technology in business (Ritter & Gemünden, 2004). Ideas
like adaptive structuration theory even propose that the technology itself does
not matter as much as the perceptions about it (Poole & DeSanctis, 1994).
Most recently, Shachaf published a study on the assessment of ICT with
respect to the impact of multi-cultural teams. What is important about this
article is its assumption that technology can address human challenges
(Shachaf, 2008). The study suggests that the technology in use smoothes out the
TOWARD AN INDEX OF VIRTUALNESS
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human interface elements, supporting a more effective collaboration. Shachaf’s
research was, however, based on a single organization and used relatively few
cultural perspectives.
When looking at return on investment for virtual teams in Virtual Teams
That Work, the emphasis was on the technical infrastructure and its functionality
as significant pre-requisites to employee satisfaction with virtual work (Gibson
& Cohen, 2003). The employees themselves appeared to assume that without
the presence of technology virtual work could not be present.
From these definitions of virtual teams and virtual work in the
technology-centric literature, a few conclusions can be drawn. First, some
definitions of virtual work implicitly call for technology to be used. Second,
some recent work considers technology not as a prerequisite but as an element
that changes the function of the work by removing obstacles.
2.2.2

People-Centric Approach

The previous section reviewed the literature of technology-enabled virtual
teams. This section seeks to examine the human element. The former review of
technology-enabled literature ran the gamut; from works assuming that
technology is a prerequisite to those arguing that it is occasionally effective. The
literature of virtual work centered on human elements is more cohesive,
providing a consensus that people are the critical elements of virtual teams.
The people-centric research on virtual work is aligned closely with the
conclusion of the previous section: it largely evaluates how people work best,
and how to structure the virtual work group to best benefit the organization’s
goals. This discussion also encompasses office sharing as part of work when
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virtual work is manifested in a single physical space (Adler & Henderson, 1994;
Henderson & Venkatraman, 1998).
Gibson and Cohen eloquently paraphrase Hackman and Alderfer
(Alderfer, 1977; Hackman, 1987) in distilling a person-centric view of a virtual
team: ”It is a functioning team – a collection of individuals who are
interdependent in their tasks, share responsibility for outcomes, see themselves
and are viewed by others as an intact social unit embedded in one or more
social systems, and collectively manage their relationships across organizational
boundaries“ (p. 4) (Gibson & Cohen, 2003). This definition emphasizes the
human element, and specifically inter-personal communication.
More importantly, it distinguishes itself from other definitions by
conveying a sense of group determination as an element of the operation.
Differentiating assessments of performance, based on the physical location of
the people, have been researched (McDonough, Kahn, & Barczaka, 2001), but
the results are ultimately organization-dependent. A substantial body of
literature on organizational theory supports the links between unit functionality
and normalized organizational performance (Crandall & Wallace, 1998).
In the context of understanding people-centric definitions of virtual
efforts (meaning in this thesis both the virtual work of organizations and the
virtual teamwork of people), Suchan and Hayznak (2001) propose an
application of “Lipnack and Stamp’s Simple Systems Model” (Lipnack &
Stamps, 1999) to characterize a set of elements of virtual work and the
relationships between them which was illustrated by Powell et al. (2004). This
framework (Figure 2-1) illustrates the interdependence of the elements, and
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conveys the need for the “people” element to be considered a contributing
factor, not an independent or external resource.

Figure 2-1 Virtual Work Framework (Stockdale and Kuhne’s 2004 interpretation of
Suchan and Hayznak, 2001 and Powell et al., 2004)

The conclusion to be drawn is that virtual efforts need a number of
elements to be successful. Other research has explained that these needs exist
with respect to the dynamic interactions between technology and the
organization (Orlikowski & Baroudi, 1991), but what this review has gathered
from the published literature is that the performance of the individuals who
work virtually manifests as organizational functionality. Definitions that focus
on the people indicate that people need special consideration (Orlikowski,
1992).
A study undertaken by Stockdale and Kühne validates this. In their
research on the pan-European travel and tourism industry, they identify the
TOWARD AN INDEX OF VIRTUALNESS

15

role of the caretaker/gatekeeper as critical (Stockdale & Kuhne, 2007). This is an
example where distilling the definition of virtual work reaches the point where
roles are stipulated. This may be valuable to those trying to organize a virtual
work effort, but stipulating roles in the very definition of virtual work leads to
creating a preference for function over form.
When researching the collaboration between Boeing and Rocketdyne,
Malhotra and colleagues fall into the same trap. Coincidentally, they also
indicate the need for a caretaker or gatekeeper to ensure effective knowledge
management; but they fail to link the group’s ambitions, and their research, to
organizational betterment (Malhotra, Majchrzak, Carman, & Lott, 2001). As a
result, understanding of the nature of virtual work is hampered by the
formality of structure overriding functionality.
The research cited studies only the net effect of staff working virtually on
the organization, not the effect of aspects of virtual work on performance. This
thesis focuses, on the other hand, not on the team’s interactions or structure but
the outcomes of the presence of virtuality.
Simply defining virtuality as the presence of a team is too weak as a litmus
test. Setting aside simply the presence of teams, the people-centric definitions
have one thing in common: that the people are not contemporaneously colocated (Fritz, Narasimhan, & Rhee, 1998). How they operate and who is the
gatekeeper are important matters to planners of organized teams, but they are
not necessary for those measuring performance in comparison with other
organizations.
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2.2.3

Organization-Centric Approach

The organization-centric definitions of virtual work thus provide the basis for
defining virtualness in this thesis. Early on, Henderson and Venkatraman
defined virtuality as “the ability of an organization to consistently obtain and
coordinate critical competencies through its design of value-adding business
processes and governance mechanisms involving external and internal
constituencies to deliver differential, superior value in the marketplace” (p. 41)
(Henderson & Venkatraman, 1998). This definition corresponds closely to the
purpose of business in this thesis. Henderson and Venkatraman’s explanation
of organizational theory presents a mechanism for understanding the
relationships between a business unit’s function and effective organizational
response.
Putnik and Cunha (2005) build on the work of Eschenbaecher and
Ellmann (2003) to examine the relationships between virtual units in a wider
organization. This is important as there is the possibility that a single unit, or
even most units working virtually, might have a linear or an amplified effect on
organizational performance (Wenger & Snyder, 2000). Virtualization has an
organizational impact simply because it is in the organization. This may seem
simplistic, but it is not because, ultimately, it is not the description of a steady
state. Instead, it treats an organization as a vector, which is itself the sum or
product of the unit vectors. Mapping the relationships requires a notion of both
past performance and the direction of effort. Putnik and Cunha’s (2005)
diagram (Figure 2-2) illustrates this very well on the three axes of
organizational learning/knowledge, virtuality, and collaboration.
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Figure 2-2 Visualization of the three-dimensional model of the Eschenbaecher and
Ellmann findings (Putnik & Cunha, 2005)

This model is very helpful in showing the relative placement of a virtual
organization as a function of the three axes. It provides a comprehensive
understanding of what it takes for virtual organization to be effective, but does
not specify what is required for the concern housing the virtual organization to
be successful. Theoretical examinations of organizational learning and
knowledge, such as that by McLoughlin and Jackson (1999), contribute to how
organizations can best structure themselves; and studies of organizations have
clearly detailed what fine-tuning of these three axes is needed to improve
understanding of what is the best practice for teams (Andriessen & Vartiainen,
2006; Baskerville & Nandhakumar, 2007). These studies lack a mechanism,
however, for measuring team performance other than the notion that
knowledge sharing is inherently beneficial to an organization (as described in
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the Andriessen and Vartiainen (2006) research project on European working life
and Baskerville and Nandhakumar’s (2007) work on a petrochemical company).
A further review of the literature points to diverse metrics of the virtual
project “success” (independent of organizational performance), including
people-centric and technology-centric examples (Camarinha-Matos, 2004;
Hoefling, 2003; Shin, 2004). “Success” was recognized as if the virtual work
was feasible, not if it contributed to organizational performance.
Both Kaplan (1992)and Chesbrough and Teece (1996), take a good deal of
effort to justify the benefits of virtual organizations struggling without a metric
to performance. Around the turn of the century, it became assumed that
virtualness was an inherent business benefit (Bell & Kozlowski, 2002; Kimble,
Li, & Barlow, 2000; Lipnack & Stamps, 1999), and subsequent research focused
on how to make virtual teams effective on theories of the ideal structure of
virtual organizations (Saabeel, Verduijn, Hagdorn, & Kumar, 2002) and on
understanding team tasks, such as those in the supply chain (Chandrasekhar &
Schary, 1999). It is important to note none of these research efforts did more
than assume virtual work would be beneficial to the performance of the
organization. None employed metrics to judge the effectiveness of virtual work
and the relationship to organizational performance.
2.2.4

Definitions Conclusion

The three broad reviews of definitions presented, technology-centric, peoplecentric, and organization-centric, suggest metrics for research in the field. This
thesis looks at virtuality holistically, deducing effective metrics from business
performance, so it becomes necessary to define the requisites within a business
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in order to be able to assess the degree of operational success or failure.
Technology-centric definitions tend to postulate that technology is
necessary, and often go further to say that specific sorts or exact types of
technology tools need to be put in place; which seems indisputable. The success
or failure in utilizing a particular application is linked to the overarching
success or failure of the project (DeSanctis & Monge, 1999). The complicating
factor when analyzing technology resides in the human–machine interface. Did
the technology fail? Or were the people simply not able to use it because of
inadequate training or other reasons? People-centric definitions address this,
taking account of the need for special assistance with the tools necessary to do
virtual work. In this respect the appropriate choice of technology can be
considered a factor in the people-centric definitions.
People-centric definitions focus on the human resources factors
contributing to successful operations. These factors are largely distilled into the
trust and information management differences that occur when people are
distributed rather than co-located and are then broadly divided into issues to be
addressed by individuals and those to be addressed by the organization. This
delineation is not stated so clearly in the literature, as the nature of distributed
work is often described as having elements both of autonomy and group
determination as intrinsic components. Whether or not virtual work staff are
more autonomous and self-governing than co-located employees is a question
outside of the scope of this thesis.
Those factors that the individual does or does not address eventually
percolate upward to become organizational issues. If the virtual work staff have
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issues that limit their working effectiveness, then presumably they are not
achieving as much as they could for the organization. The organization is
ultimately the instrument that needs to ensure it has the right people, in the
right place, and with the right knowledge and tools. These operational and
human resource issues can be separated, from the organizational perspective.
According to people-centric definitions the critical factor is distribution of
people. Virtual work by definition involves people in circumstances where they
are working apart.
Based on technology-centric definitions, this thesis will assume that all
virtual organizations use technology unless otherwise stated. From the peoplecentric definitions it can be determined that people working apart from one
another is a key component. Without constraints imposed by organizationalcentric definitions, this suggests a broad, very encompassing definition of
virtualness. The organization-centric definitions prescribe characteristics that
instill purpose into the virtual work – a critical factor. Virtual work (which has
already been established as using technology and distributed staff) must be
relevant to the organization’s mission.
The definition review can be summarized as follows: virtual organizations
are those in which people work apart, with the support of information
technology, for the organization’s good. Understanding of virtual efforts
requires the analysis of success from the perspective of the organization’s good.
Factors that may result in greater or lesser effectiveness through variations in
structure and operation are of critical concern. These variables are the
differentiating factors between virtual efforts.
TOWARD AN INDEX OF VIRTUALNESS

21

2.3 Performance Metrics
Two common accounting metrics for organizational performance are return on
equity and return on assets (Van Horne & Wachowicz, 2008). Return on equity
is commonly used when comparing firms. Return on assets has historically
been shown to be less reliable in large tests across multiple industries (Black,
Jensen, & Scholes, 1972). As such this thesis will include return on equity as a
performance metric. A desirable return on equity is positive. But values are
judged in the context of the market (Rappaport, 2000).
While there are many market based performance metrics, Tobin’s Q offers a
ratio of the market value of a firm’s assets to the replacement cost of the firm’s
assets (Tobin, 1958). Tobin’s Q typically requires non-public firm data. But an
approximation can be made with publically available data from typical annual
reports (Chung & Pruitt, 1994). A desirable value based on historic performance
would for most industries be equal to or greater than 1 (Lindenberg & Ross,
1981).

2.4 Variables
As the literature reviewed to this point shows, the factors that influence the
success of virtual work efforts are a subset of the elements that support general
business success. They can be categorized as customer oriented, human
resource, and organization-specific factors.
2.4.1

Customer Oriented Variables

All businesses address customers, whether in the traditional sense of those
purchasing goods or services, or even when, in the case of non-profit and
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government organizations, the sponsors and recipients of the work may not be
the same people. In this thesis, customers are characterized as both the sponsors
and the recipients of the organization’s goods and services. Organizations deal
with market segments that specify their intended customers. The variables that
are likely to have the greatest impact on the success or failure of organizations
undertaking virtual work are presented below, as derived from the dashboard
of virtuality presented in Klobas and Jackson’s Becoming Virtual (Klobas &
Jackson, 2008) and published work on virtual corporations (Bauer, Köszegi, &
Wolkerstorfer, 2002). They are adapted here to focus on aligning the
organization’s internal structures with its performance.
2.4.1.1 Customer Variables
2.4.1.1.1

Customer geographic location and weighted value

The location of customers is an important factor, for they are either the sponsors
or recipients of the goods or services; at both the initiation and conclusion of the
transaction there is need for an exchange. Furthermore, not all customers
represent the same value (whether present or future) to the business, so this
variable needs to represent not only the latitude and longitude of current and
projected customers, but needs also to take into account what value the
business places on the customer (Hinds & Kiesler, 2002).
2.4.1.1.2

Mean time expectations

Both sales and delivery of goods or services in businesses have mean time
expectations driven by market forces. When purchasing goods and services,
customers have an expectation of the availability of sales information. If one
business cannot provide this within their expected time of delivery, the
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customer can return to the market to investigate other options (Zeithaml, Berry,
& Parasuraman, 1993). In some markets (such as monopolies and government
services) there may be no other offerings, so the time expectation is effectively
whatever the sole provider dictates.
2.4.1.1.3

Customer localized factors

Customers present themselves as they are. To unambiguously address the
customer, the business needs to understand the local conventions (Hinds &
Kiesler, 2002). This includes the preferred language and currency of business,
allowing the business to fix the context of the goods or services on offer.
2.4.1.2 Staff Variables
2.4.1.2.1

Staff geographic dispersion

The location of the staff, according to the definition of virtual work provided in
section 2.2, establishes their status, whether virtual or co-located. Furthermore,
the location of the staff is a function of the organization’s approach to
virtualization (Schiller & Mandviwalla, 2007). Satellite offices are an ambiguous
case: the work of coordinating satellite offices is virtual, but the staff working
there are co-located. Based on the definition established in Section 2.2, satellite
offices should be handled as a single point of virtual operations, independent of
the number of staff co-located there.
2.4.1.2.2

Specialization and availability

This variable quantifies the extent of knowledge required and its temporal
availability. The staff of an organization that accomplishes tasks may need
someone with a high degree of specialization, for example a Professor of Virtual
Business Operations, or perhaps simply a common skill, such as shoelace tying.
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The ability to address localization issues (such as language) is also a form of
specialization. Availability in this context is the mean time it takes to become
able, when requested, to perform the required task (Orlikowski, 1993).
2.4.1.2.3

Staffing availability and employee retention

While the former variable addresses the staff’s skill set, this variable is the
degree to which the organization and the individual depend on each other. A
particular staff member’s value to the organization in this context is the cost of
replacing him or her with a similarly skilled and knowledgeable staff member.
Virtual work can be justified when an employee working virtually is less
expensive than a staff member physically co-located with an identical skill set.
Conversely, the organization might value the location of the employee working
virtually, and believe that there are multiple viable options for staffing. In all
circumstances, the satisfaction (leading to long-term retention and net
effectiveness) of staff is a well-documented necessity for effective teamwork
(Kozlowski & Ilgen, 2006).
2.4.1.3 Organizational Variables
2.4.1.3.1

Logistical infrastructure

This variable characterizes the organization’s ability to support virtual work. If
the business is a restaurant and they intend to employ a chef virtually, they will
need a specific infrastructure to get the raw materials to the chef, and then the
prepared food back from him to the restaurant in a way that meets market
expectations. Infrastructure requires a degree of continued investment if it is
linked to sustaining a virtual organization, as noted by Orlikowski and Baroudi
(1991) in their study of the Alpha Corporation . While technology is defined as
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necessary for virtual work, the degree of investment and support makes
technology a critical part of the logistics infrastructure in terms of virtualness.
2.4.1.3.2

Scalability

The structure of an organization can be implicitly designed to support dynamic
incremental growth or contraction, or to operate in step functions, or not to
address change. The variable in scalability, from the organization’s perspective,
is a measure of the barrier to growth or of costs exceeding need. In
organizational terms, it is derived from market size in ratio to organization size,
with market growth or contraction trends set against the organization’s ability
to respond (Kotler, 1988).
2.4.1.3.3

Internal communication time

Within an organization, communicating good ideas is a critical success factor
(Getz & Robinson, 2003). Understanding issues and sharing knowledge are also
measures of organizational success. This variable quantifies the amount of time
that it takes for communication to move through the organization, as well as the
trust factors associated with the freedom of the movement of information. It is a
function of internal communication bandwidth and the latency in
organizational communication.

2.5 Indexes
2.5.1

Basis and Definition

According to Keynes, an index can be defined as a single unit of measurement
that reflects a composite of variables (Keynes, 1930). An index is a useful
measurement because of its ability to compare two different organizations on a
single scale, through normalization. It is further useful to be able to measure an
26
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organization’s performance with an easily conveyed metric that incorporates
scale. Indexes are commonly used to judge the value of corporations and the
creditworthiness of individuals, and to compare commodities and the
performance of students.
Traditionally, indexes are compared with a base number (Marris & Marris,
1958), but when the observed index is a trend, the baseline becomes a range of
numbers characterizing the state at a certain moment in time. The variables
derived from the definitions detailed in Section 2.3 can provide such a baseline.
2.5.2

Existing Best Practices

The most commonly cited index, the consumer price index (CPI), is an example
of a well analyzed and constructed measure of the trends of scalar variables
(Diewert, 2001). The implementation of CPI varies with the country, but in
simple terms it tries to establish the cost of a “basket” of goods in order to track
deflation or inflation. Because the goods are commodities, statistical matched
model methods or hedonic regression is used to allow for the substitution of
like products (Silver, 1999).
However, since the CPI attempts to replicate the status of a fixed set of
goods whose prices are variable, purposeful rather than probabilistic sampling
is used; hence, confidence intervals are not used. The items are generally
weighted on the basis of regularity of purchase (for example milk might be
purchased weekly, but a toothbrush every second month), so that the price of
milk has a greater impact on the spending power of the purchaser than the
price of a toothbrush. The number is typically re-scaled to have a baseline of 100
(McGraw-Hill, 2008).
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Another common index is Standard and Poor’s 500 index of 500 firms with
large capitalization whose stocks are publicly traded on either the New York
Stock exchange or the NASDAQ market (McGraw-Hill, 2008). A committee
selects the 500 companies that will be indexed, the goal being to represent the
industries of the United States. The numbers of outstanding shares are
multiplied by the share price to develop a market-weighted value. This means
that the larger companies, in terms of market capitalization, have a greater
effect on the index.
Indexes can also be useful for dealing with ambiguity. For example, when
oil is mined from the ground, it is not all chemically identical; there are many
variations in crude oil. However, it is a traded commodity; and furthermore it is
a commodity that must have logistics factored into its price. A number of
benchmarks were established for judging crude oil, such as West Texas
Intermediate. Then Cushing, Oklahoma was picked as a location for measuring
the delivery cost. These somewhat arbitrary decisions acted as benchmarks
against which all oil could be indexed for both quality and cost (Driesprong,
Jacobsen, & Maat, 2003).
The advantage of indexes is ease of communication; people can
understand the historical trends quickly and clearly. The three indexes
described here are understood by experts in the field to be valuable and
reflexive, and are widely understood: the CPI lets us understand what the
changes are in the costs of our expenditures over time; the S&P lets us follow
the performance of one segment of the stock market; the benchmarks against
which oil is indexed allow us to understand the fluctuations in costs of the raw
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materials we use.
2.5.3

Organizational Application of Indexing

Businesses are routinely indexed today for their financial performance.
Processes like Six Sigma index manufacturing volume against errors, set at 3.4
defects per one million opportunities (Harry & Schroeder, 2000); Six Sigma has
broad implementation issues, but at the base of it is the index. Businesses can
use indexes to understand where they are, and to provide organization-wide
understanding of the business’s effectiveness.
In academia there is a movement to index work performance. This is
manifested in indexes such as the H index that judge performance by
bibliometric analysis of publication history (Erne, 2007). This approach was
applied across the United Kingdom (Braun, Glanzel, & Schubert, 1991) and in
2008 was proposed to be adopted in Australia (Butler, 2008).
Creating an index of virtualization would be a valuable tool for
organizations that work virtually today, those that would like to work virtually,
and those that are planning on improving their virtual work. The index would
clearly establish current effectiveness, and show changing trends in the results.

2.6 Originality
This literature review did not discover a single existing index for the
assessment of virtualness. There has been research into determining the degree
of virtualness in corporations (Bauer, et al., 2002), but this depended on selfreported questionnaires and did not address a common assessment rubric or
attempt to measurably link assessments to performance. Surveys are an
interesting instrument for understanding the attitudes of staff members, but are
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not directly linked to measures of performance. The Bauer efforts are
qualitative in nature, while this thesis proposes an inherently quantitative basis
for determining virtualization.
Two different factors demonstrate the originality of this approach: the
absence of found works, and the need for an index that has been recognized in
studies. This section will detail three distinct recent studies that, whether
intentionally or not, call for an index. These are creditable, published studies, by
researchers actively engaged in the reporting and analysis of virtuality, but who
lack a mechanism for providing comparable assessments (whether against a
single organization’s standard or a benchmark from another organization) – for
either the organizations themselves or the research community.
The best analyses, at present, are like the efforts of the blind men
describing an elephant. Each one separately fails to describe the elephant, but
their efforts, taken all together, succeed. The analogy demonstrates the need for
an index of virtualization; each study expresses a manifestation of the problem
of not being able to provide comparable metrics either for organizations or for
external observers.
Since the studies reviewed did not draw on any standard mechanism for
assessment, but rather described their section of the metaphorical elephant, in
the absence of a methodology for comparative feedback the conclusion must be
that no such index currently exists; what is proposed in this thesis is original.
2.6.1

Studies from Becoming Virtual: Knowledge Management and Transformation of the
Distributed Organization

Klobas and Jackson (2008) consider two intertwined, although not mutually
dependent, subjects. One is the case study of a division in a Northern European
30
TOWARD AN INDEX OF VIRTUALNESS

corporation, whose business unit’s leader desires to undergo change because
“Virtualization needs to be cost effective and might even be a new form of
service offering to clients” (p. 27). The study follows this transformation,
assessing organizational effectiveness through an analysis of the utilization and
appropriateness of tools, surveying the human behavior factors as they evolve
and analyzing the organizational changes and commitment to the process of
becoming virtual.
The study of the organization’s transformative effort concludes that it does
not meet the expectations set up by the leader. The failure provides an
opportunity for the researchers to explore both what happened, and what they
could, or should have, communicated to the organization.
The leader of this virtualization effort had available to him references to
the current best practices. The researchers surveyed the staff and ascertained a
standard of effectiveness. But while the process of change was under way, the
leader had to depend on internal communications to understand the
effectiveness of the change. There was a combination of the old communication
mechanisms undergoing change, and the new ones that the employees were
forced to use.
The researchers used external channels to survey the participants. The
tools that the leaders of the change used for understanding the change were
themselves changing. Furthermore, while the leader expressed hope that the
transformation would have economic consequences, this was not being tracked.
This book offers a very contemporary view of an organization trying to
make a change without a mechanism that allows them to understand the
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process. An index of virtualization would have provided the leadership, the
employees, and the researchers with a common measure to track the
effectiveness and the value of the change being undertaken. Had such a metric
existed, the leader of the transformation would have had dynamic feedback;
even if he did not, the researchers could have referenced or applied it. As it
was, the researchers did not have a means to directly correlate virtual efforts
and performance although they did use a dashboard concept to represent
overall functionality as a virtual organization. This thesis will re-work the
dashboard approach into a new mechanism, assessing not virtuality as such but
the relationship of virtual work to organizational performance.
2.6.2

A Multi-Disciplinary Agenda for Designing, Building and Evaluating Virtual
Organizations

In early 2008, 42 researchers from academia and industry met in Washington,
D.C. at a workshop sponsored by the NSF. The goal of this meeting was to
establish the future research agenda for virtual organizations. The report, A
Multi-Disciplinary Agenda for Designing, Building and Evaluating Virtual
Organizations (Cummings, et al., 2008), includes information from that meeting
and a later meeting of over 200 practitioners.
In their review of metrics and assessments of virtual organizations, the
authors focus on understanding what defines a failure. They postulate that the
appropriate measures for evaluating virtual organizations “may” vary as much
as the organizations themselves. This is a fairly undefended point. The authors
state that they “may” be different, also conceding that they “may” be
standardized. They suggest that organizations be evaluated to see whether they
are “there yet”.
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This cursory attention to the need for assessing virtual organizations does
not continue throughout the paper; the authors go on to suggest that virtual
organizations should be examined to understand whether or not their structure
gives organizations a competitive advantage, whether virtual organizations
lower the barriers to under-represented groups, whether virtual organizations
contribute to quality, and who is harmed and who benefits from virtualization.
Of these four issues, two focus on organizational operation (“the structure
gives organizations a competitive advantage” and “virtual organizations
contribute to quality” (p. 8)), and of these, “the structure gives organizations a
competitive advantage” is addressed in the current study. The other two topics
concern societal impacts; they are interesting, but outside the scope of this
research. However they do raise the fundamental notion that a digital or
resource divide might make it impossible for some organizations to virtualize.
The reality is that there are costs to doing business in every way. This thesis
presupposes a business rationale and enough access to resources to change
business practices. The NSF report points out that not all organizations are able
to muster all the resources needed to make fundamental changes; an index of
performance may assist organizations in accessing these resources. Without an
index it is currently difficult to justify the resources necessary to undertake
virtual change. It is hard to imagine banks lending money to assist with
business transformations without a justification of the costs and an explanation
of the benefits.
The NSF report concludes by making twelve recommendations for areas
of research to be undertaken in the future. Recommendation number four
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specifically calls for a metric to understand virtual organizations as they are
from the beginning. Certainly some organizations are born virtual (Teigland,
2010) and others make a deliberate transition and have a start date for acting as
virtual organization, but the majority seem to engage in a continuum of
transformation over time. The recommendation assumes there is an end date,
suggesting that this measurement be done in lieu of a “post-mortem”, although
the definition that they use, “A virtual organization (VO) is a group of
individuals whose members and resources may be dispersed geographically,
yet who function as a coherent unit through the use of cyberinfrastructure”,
does not convey a fixed time of operation.
Despite its unclear use of start and end, this specific suggestion is calling
for a metric. In response, this thesis proposes an index.
Recommendation six calls for an investigation into normative factors. This
clear recommendation is a counterpoint to the ambiguous discussion of factors
that “may” exist. The review of the literature in this thesis suggests that the nine
factors listed in section 2.3 may be normative.
The NSF workshop represents contemporary work on a broad scale. The
report does not cite any research into establishing operational metrics for
virtual organization in scholarly work. Rather, it emphasizes the need for such
metrics. This open statement of need is a further basis for the claim of the
originality of this current study.
2.6.3

Managing Virtual Organizations

Warner and Witzel (2004) provided comprehensive guidance for the design and
operation of virtual organizations. They provide a background on virtual
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organizations and help managers deal with creating a virtual space through
technology, describe how to work and manage in virtual space, address
extensively the ‘intangible capital’ created in virtual space, and advise
managers on effective techniques to work with virtual staff.
To address the impact of operating in virtual space, the authors review the
consequences of restructuring costs, staffing, responsibility, coordination,
information management, and asset evaluation.
When evaluating restructuring costs, the authors state that virtual
organizations “should be cheaper” but that the transformation will not be
“free” and that organizing in virtual space is “much like anywhere else”
(Warner and Witzel, 2004, p. 128). They recommend that the structure of the
organization reflect the strategy. These observations are good advice, but do not
provide a concrete approach to understanding performance. The fact that
something “should be cheaper” is hard to swallow, failing a mechanism in
place to assess costs and benefits.
Warner and Witzel address the staffing issues by postulating that a
different skill set is needed for virtual workers than for others. Specifically, they
address the difficulty of assessing temperament, suggesting that training may
be necessary. The notion that virtual workers need different skills is not
elaborated, merely assuming that using the technology tools that support work
from a distance is different from using the technology tools available to colocated staff. This may be the case, but it is nevertheless a skill that either staff
have or do not have. The variables postulated in section 2.4 of this chapter
describing staff retention and replacement address the concern of skills of staff,
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either present or to be developed.
The authors eloquently discuss the remote directing of staff. Practical
guidance is given, as well as a well thought out means of addressing problems
as they arise. What is missing is any direct mechanism for judging the
effectiveness of a staff member in relation to the organization. With an index of
organization virtualization and an index of virtual employee effectiveness, a
ratio of leading, conforming, or lagging measures could be constructed for the
employee and the organization.
In describing the need for coordination of virtualization efforts, the
authors point out that a specific group of individuals should be given the role of
communicating the big-picture plan and addressing coordination issues. While
this may seem to be a more obvious need in virtual organizations, it would also
be a beneficial component of co-located organizations.
Addressing information management, the authors advise that once
information has been circulated, it should be carefully filed and preserved for
reference. Again, this is sound advice but does not offer any different
perspective or process for measuring information management in a virtual
organization as opposed to a co-located one.
In the chapter on financial management, the authors point out that tax
authorities have difficulties with virtual organizations. They do not offer
strategies to address this, but recommend that the organization’s financial
analysis be integrated with the planning. They further identify the challenges
for knowledge-based organizations of generating a static product – “knowledge
is like rocks” (p. 234). They recognize that some Internet-based companies may
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never turn a profit. The authors understand that it is unlikely that anyone
would invest money if they could not make a profit and point out that
employing people effective in using knowledge is the way to become profitable.
This final chapter highlights the challenges of transformation into virtual
organizations. Without a metric to measure effectiveness, it is not clear whether
you are growing a stack of rocks or are productively contributing to the mission
of the organization. The authors conclude that the key principle of managing
virtually is “not to forget the fundamental reason why businesses, and
managers, exist: to serve customers” (p. 240)
An index is an ever-present reminder of exactly where the business stands.
Warner and Witzel’s book provides guidance to managers, but fails to point
them to an instrument to measure the operational effectiveness of being virtual.
Seeing in this handbook the implied need for this measure for the managers of
virtual organizations, but the lack of an appropriate metric, provides further
evidence for the need for this present study.

2.7 Conclusion
The literature is weighty in discussing what virtual organizations are and how
to operate within them, but there is very little research into assessing virtual
organizations, and no established quantitative metric (Schiller & Mandviwalla,
2007).
The extensive discussion of definitions in the literature does not produce a
common standard. Consequently, this chapter has distilled those definitions
that were technology-, people-, and organization-centric into a definition that
presupposes the broad availability and use of technology and focuses on the
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physical distance between those working towards the mission of the
organization.
From the review of the literature, nine aspects of virtualness that might
contribute to organizational performance were identified. These factors will be
quantified in later chapters, then converted to indexes, following the best
practices distilled from the literature on indexing.
By examining three recent publications that either are notable in the lack
of a performance metric being used, in the case of Becoming Virtual and
Managing in Virtual Organizations, or that specifically call for a metric to be
developed, in the case of A Multi-Disciplinary Agenda for Designing, Building and
Evaluating Virtual Organizations, it is has been demonstrated that an index of
virtualization is an original idea. Furthermore, the recent case study, the NSF
workshop and the management handbook face challenges in addressing the
topic for the very reason that such a metric does not exist. The NSF report’s call
for a metric is further evidence of the obvious need for such a tool.
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3 Methodology

TOWARD AN INDEX OF VIRTUALNESS

39

3.1 Introduction
The purpose of this research is to establish a set of indexes of virtualness that
will provide a framework for assessing the extent of virtual work that
contributes to performance and a means for organizations to understand the
impact of virtual work on their operations.
This thesis presents two studies with a common goal. The first study looks
at potential relationships between virtual work and the performance of a
sample of public firms. The second examines virtual work in a research project,
CyberBridges/Global CyberBridges. The latter is described in detail in Chapter
5. Both studies are designed to understand if virtual work can contribute to
performance. The research is not concerned with the degree to which virtual
work may be predictive of performance, or for that matter, identifying a
weighted combination of virtual work variables that would predict
performance. These are certainly interesting research questions, but before they
can be rationally undertaken, there needs to be an understanding of what, if
any, measures of virtual work can be demonstrated to have a relationship to
performance. This research is designed to establish the foundation upon which
future research can explore the broader research questions.
This chapter details the methods used to examine if a relationship between
virtual work and performance can be identified for public for-profit
corporations. This work involved the establishment of indexes of virtualness
and measures of performance, sampling of firms, classification of firms in terms
of their performance, additional classification of firms according to each index
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of virtualness, the identification of threshold values that distinguish between
firms with greater and lesser degrees of virtuality on each index, and
assessment of the relationship between each virtual metric and performance as
measured by the phi coefficient.

3.2 Research Design
The research design for this study is quantitative and correlative. Fundamental
to this investigation is a methodology that will quantify virtual work efforts
through indexes. The six aspects of virtual work to be examined were derived
from the literature as documented in Chapter 2.

3.3 Indexes
Three criteria were used to select the indexes of virtual work to be investigated
in this study. The first was that they had to be of scholarly interest, as detailed
in Chapter 2. The second was that the data used to measure them were
available from public data sources. The third was that they could be made
comparable across varying industries and organizational sizes.
Six of the variables outlined in Section 2.3 could be measured using
publicly available data. The methodology for calculating index values for each
of the variables is given below. The indexes are presented as ratios of virtual
activity, in the context of the firm’s business operations and markets. An
example of how index values were calculated for one firm is provided in
Appendix A.
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3.3.1

Operational Dispersion (exclusive)

Organizations have the challenge of responding to customers wherever they are
(Jarvenpaa & Ives, 1994), and virtual organizations have the potentially
advantageous feature of being able to locate staff close to where they are
needed (Gao, Ng, & Wang, 2008). The index of operational dispersion
(exclusive) looks at where the customers are, relative to where the staff
members are located. Using geospatial software analysis, the distance between
the principal address of the firm and the city of each of its subsidiaries
(operational dispersion) was calculated using the great circle method (Rose &
Spiegel, 2009; van Leeuwen, 2007).
Customer dispersion (exclusive) was based on the firm’s country of
incorporation and the established national trading partners of that country. The
distribution was weighted by the established percentage of trade. The distances
were measured from largest population center to largest population center in
each country.
The index of operational dispersion, exclusive of any potential but
unrealized markets, is the ratio of operational dispersion to customer dispersion
(exclusive) and represents the fit between the locations of operational staff and
those of existing customers. Figure 3-1 provides an overview of how this index
was created and what data sources were used to quantitatively respond to the
qualitative descriptions form the literature.
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Index
Operational
Dispersion
(exclusive)

Methods and sources
DENOMINATOR: OPERATIONAL DISPERSION
n

 LinearKM (HQ  (n)DistributedOperations)
1

where linear KM = linear (shortest) distance in kilometers
HQ -> (n)Distributed Operations indicates the distance between the principal
office (HQ) of the firm and the location of subsidiary n
Data Source: Mergent Online
NUMERATOR: CUSTOMER DISPERSION (EXCLUSIVE)
n

 LinearKM (CountryHQ  CountryTradingPartners)
1

where CountryTradingPartner is each country with which the firm’s operating
head-quartered country trades with. Distance is measured from centers of
greatest popululation density
Data Source: CIA World Factbook.

Figure 3-1 Method for Index of Operational Dispersion (exclusive)
3.3.2

Operational Dispersion (inclusive)

To understand the opportunities to leverage virtual work for wider markets
and thus to explore the impact of virtual work in an inherently more global
perspective, operational dispersion was also examined in a way that would
include a broader market set. While the exclusive market perspective refers to
established marketplaces (existing customers), the inclusive perspective also
incorporates the potential marketplace as defined by the rest of the world. The
established trading relationships were never completely provided for a country.
This further increases the difference between inclusive and exclusive. The
remaining fraction in the inclusive definition is weighted by the diameter of the
earth (12,800km), as a means to convey a global potential difference for an
unknown market (Scholte, 2002). Figure 3-2 shows how the inclusive index of
operational dispersion was calculated. The same process of using known values
for the numerator of exclusive values, and then including as a percent of the
unknown a global value was used throughout for inclusive index creation.
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Index
Operational
Dispersion
(inclusive)

Methods and sources
DENOMINATOR: OPERATIONAL DISPERSION
n

 LinearKM (HQ  (n)DistributedOperations)
1

where linear KM = linear (shortest) distance in kilometers
HQ -> (n)Distributed Operations indicates the distance between the principal
office (HQ) of the firm and the location of subsidiary n
Data Source: Mergent Online: Subsidiaries Countries & Property
NUMERATOR: CUSTOMER DISPERSION (INCLUSIVE)
n

 LinearKM (CountryHQ  CTP  %undefined *12800)
1

where CTP is the known country trading partners’ distance measured from
population density centers, and the unknown percentage of trade is multiplied
by the diameter of the earth in kilometers
Data Source: CIA World FactBook.

Figure 3-2 Method for Index of Operational Dispersion (inclusive)
3.3.3

Languages

This index examines the ability of firms to deal with local factors by comparing
the number of languages used in the organization’s market with the number of
languages available to the organization’s operations. Virtual organizations can
be challenged by cultural and linguistic challenges (Fulk, 2001), as can
businesses working across boundaries (Dunning, 1993). These challenges are
quantified in the index of languages as shown in Figure 3-3. The number of
operational languages spoken by the firm’s staff was estimated as the number
of different official languages spoken in the countries in which the firm was
headquartered and had subsidiaries. Similarly, the number of customer local
languages was estimated by counting the languages spoken in the countries in
which customers were based. When a country had multiple official languages,
they were all then included.

TOWARD AN INDEX OF VIRTUALNESS

44

Index
Languages

Methods and sources
DENOMINATOR: STAFF LOCAL LANGUAGES

Languagesn
where Languagesn is the number of unique official languages spoken in the
countries in which the firm’s head office and each of the firm’s subsidiaries are
located.
Data Source: From Operational Dispersion and the CIA World FactBook
NUMERATOR: CUSTOMER LOCAL LANGUAGES

Languagesm
where Languagesm is the number of unique official languages spoken in the
countries in which the firm’s customers are located.
Data Source: From Customer Dispersion and the CIA World FactBook.

Figure 3-3 Method for Index of Languages
3.3.4

Time Zones

Virtual organizations are purported to be able to “overcome vast spatial and
temporal boundaries” (Boudreau, Loch, Robey, & Straub, 1998). While the
indexes of operational dispersion address spatial distances, the index of time
zone dispersion compares the number of time zones spanned operationally to
the temporal distance between the firm’s principal office and its markets,
quantified using the formula described in Figure 3-4. The index is the ratio of
customer (market) time zone dispersion to staff time zone dispersion.
Index
Time Zones

Methods and sources
DENOMINATOR: STAFF TIME ZONES

max(Officentimezone  Officek timezone)

where Officentimezone  Officektimezone is the number of time zones between each
pair of the firm’s offices (including headquarters and subsidiaries)
Data Source: From Customer Dispersion and the CIA World FactBook
NUMERATOR: CUSTOMER TIME ZONES

max(HQtimezone  Market n timezone)

where HQtimezone  Marketntimezone is the number of time zones between the
firm’s principal office and the capital city of each country in which customers are
based
Data Source: From Customer Dispersion and the CIA World FactBook

Figure 3-4 Method for Index of Time Zones
3.3.5

Currencies

While the ability to deal with local factors is part of the much discussed cultural
challenges of virtual work (Jarvenpaa & Leidner, 1998), increased operational
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complexity is an issue facing global corporations (Birou & Fawcett, 1993) which
might be affected by being virtual (Marquardt, 1998). The index of currencies
acts as an indicator of complexity by examining the impact of additional
currency operations on organizations operating virtually. The methodology for
estimating the index of currency is shown in Figure 3-5.
Index
Currencies

Methods and sources
DENOMINATOR: OPERATING CURRENCIES

Currenciesn
where Currenciesn is the number of unique currencies in use in the countries in
which the firm’s head office and each of the firm’s subsidiaries are located.
Data Source: Mergent Online Cumulative foreign exchange translation
adjustment
NUMERATOR: CUSTOMER CURRENCIES

Currenciesm
where Currenciesm is the number of unique currencies in use in the countries in
which the firm’s customers are located.
Data Source: From Customer Dispersion and the CIA World FactBook.

Figure 3-5 Method for Index of Currencies
3.3.6

Employment

The ability to recruit specialized staff is proposed as both an advantageous
component of virtual organizations (Shao, Lee, & Liao, 2000) and a justification
for the use of virtual teams (Bell & Kozlowski, 2002). An employment metric is
further supported by both human resources literature addressing the value and
location of competent staff (Schuler & MacMillan, 1984) and by the virtual work
literature as a motivating force for virtual organizations (Helms & Raiszadeh,
2002). The employment index was calculated using information on
unemployment rates in the countries in which the firms operated as opposed to
the headquarter country. The methodology for estimating the index is detailed
in Figure 3-6. The inclusive definition used a global value of unemployment of
6.1% (CIA, 2007).
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Index
Employment

Methods and sources
DENOMINATOR: LOCAL UNEMPLOYMENT

Unemployment n
where Unemploymentn is the unemployment rate in the country in which the firm is
headquartered
Data Source: OECD (Organization for Economic Co-operation and
Development) Analytical Data Base, January 2008
NUMERATOR: MARKET UNEMPLOYMENT

Unemployment m

where Unemploymentn is the unemployment rate in the country in which the firm
has distributed operations
Data Source: OECD (Organization for Economic Co-operation and
Development) Analytical Data Base, January 2008 and CIA World Factbook

Figure 3-6 Method for Index of Employment
3.3.7

Technology (exclusive and inclusive)

This index provides a means to examine the potential relationship between
technology and organizational performance. Technology is a key enabler of
virtual work (Foster, et al., 2001). The organization’s local access to
telecommunications networks is an indicator of the likeliness of the venture to
succeed (Lucas & Baroudi, 1994). The index compares operational and market
access to the Internet and is detailed in Table 3-7. This ratio gives an idea of the
technical readiness of the firm as demonstrated as the ability for a percentage of
the country to get online (Janneck, et al., 2008). For the inclusive version the
OECD provided 22% penetration in 2007 was used.
Index
Technology
(exclusive and
inclusive)

Methods and sources
DENOMINATOR: AVAILABILITY OF INTERNET TO OPERATIONS

InternetAccess(HQ)
where InternetAccess is the percentage of the population with Internet access in
each operational location.
Data Source: OECD (Organization for Economic Co-operation and
Development) Analytical Data Base, January 2008
NUMERATOR: AVAILABILITY OF INTERNET IN MARKETS
n

 InternetAccess * Market(%trade

m

)

1

For the exclusive index, this value excluded potential but unrealized markets,
while potential markets were included in the inclusive index using the
approach described for the other inclusive indexes.
Data Source: OECD (Organization for Economic Co-operation and
Development) Analytical Data Base, January 2008

Figure 3-7 Method for Index of Technology
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3.3.8

Return on Equity (ROE)

The literature review in Chapter 2 details the basis for using ROE as a
performance metric. This metric is the only data element in the research that did
not require investigator calculation, but is provided as a value by the Mergent
database. The formula is:

ROE 

3.3.9

NetIncome
TotalEquity

Tobin’s Q

Approximate Tobin’s Q is used, as described in Chapter 2, as otherwise Tobin’s
Q requires data from a firm that is not publically available. This ratio is used to
normalize across industries by focusing on corporate investment decisions and
the consequential corporate value (Chung & Pruitt, 1994). The approximation to
Tobin’s Q used in this study is the ratio of the market value of a firm to the
replacement value of its assets. Market value is calculated as the sum of three
values: MVE is the product of a firm’s share price and the number of
outstanding shares, PS is the liquidating value of the firm’s outstanding stock,
and debt is the value of the short term liabilities. The denominator, TA, is the
book value of the entire assets of the firm. Data were gathered from the firms’
annual reports. The formula is:

q(approx) 

MVE  PS  DEBT
TA

3.4 Sampling Plan
The population for this study was organizations with operations that are
scalable to multiple national markets. Typically, such organizations are publicly
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traded and classify themselves with an SIC. The organizations specifically
targeted for this study (the sampling frame) were those included in the Mergent
database of corporate reports.
To create the sample, a list of all organizations meeting the above criteria
(publicly traded, with an SIC code, included in the Mergent database) was
prepared. Each sample company was sequentially chosen through electronic
time-based random sampling. The full set of firms from the Mergent database
from August 2007 was loaded into a database alphabetically by registered
name. They were then sorted using the database’s random function. This
random function used the time when executed as a sort key. The first 140 were
selected after the random sorting.
3.4.1

Sample Size

Power analysis was used to obtain an initial estimate of minimum required
sample size. The most sensitive metric was postulated to be currency
operations. Using the upper bound of 164 currencies, and an effect size of 2
based on the difficulty for businesses to address more than two currencies
when virtual work locations are international (Jorion, 1990), the required
sample size for 0.8 power with .95 significance is 262. However as there are
multiple elements of virtual work in the different indexes being evaluated,
when the first 100 samples of data were collected, the power analysis was
repeated for each set of elements to identify the appropriate sample size was
140.
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3.5 Data Analysis
3.5.1

Performance Baselines

A baseline of acceptable and undesirable performance was needed to examine if
the measured aspects of virtual work contributed to or distracted from
organizational performance. As stated in the introduction, this research was not
designed to ascertain how much a contribution virtual work made, only if there
was an observable relationship between working virtually and performing
satisfactorily.
For the ROE performance metric, values of zero or higher were deemed
acceptable, and below zero not desirable. Investors may judge acceptable ROEs
with a different perspective, such as performance beyond typical rates of
interest (Modigliani & Cohn, 1979), but this research is designed to look for
association with performance. The baseline of 0 might not reflect performance
that is as great as that desired by investors, but in broad terms, this study
assumes that not losing equity is acceptable performance, and better than losing
equity.
No given value of approximate Tobin’s Q nominally distinguishes good
from bad performance, so a threshold had to be picked. Defining above average
performance gives a clear method of delineation. The mean value was used to
establish a threshold between above average (acceptable) and below average
(less desirable) performance. The mean is of more interest than the median in
this context because it is weighted by extreme values. Median Tobin’s Q, with a
large number of similar values clustering about the mid-point, did not
adequately represent above average performance and the mean provided a
TOWARD AN INDEX OF VIRTUALNESS

50

more rigorous metric for acceptable performance. Thus Tobin’s Q as used in
this study is a rather harsh metric for performance – defining whether or not a
firm was better than most, while ROE provided a clearer indicator: if a firm is
losing equity that is bad, and anything else is acceptable.
3.5.2

Classification

Firms were sorted into two groups: below and above the ROE performance
threshold value (0). This classification then supported the examination of the
data for clustering and thresholds. While performance on both ROE and Tobin’s
Q was split at 41 (29.2%) acceptable and 99 (71.8%) less desirable, the actual
firms in both groups were only 87.9% identically represented.
3.5.3

Two-Step Cluster Analysis

Each of the nine indexes was individually evaluated to see if two or more
clusters of values could be distinguished for the firms with satisfactory
performance as measured by ROE, using the SPSS two-step cluster procedure.
For all the indexes, a two cluster solution emerged. The maximum index value
for firms in the cluster with lower values was defined as the threshold value.
3.5.4

Association

The phi coefficient of association (  ) was used to determine the relationship
between index class and performance class for each index. Indexes that had a
significant association with performance (at p<.05) were judged to be of
interest. Chi-Squared is not presented as it is related to the square of phi for the
contingency tables used, where the phi coefficient squared equals Chi squared
divided by the number of observations:
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n
The phi coefficient offers a view of association, based on the alignment of the
data without the divisor of the number of observations.

3.6 Summary
Chapter 3 has discussed the research methodology employed in the study of
firms, a quantitative correlative research design. The next chapter presents,
examines and assesses the results for this study.
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4 Study 1 Results
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4.1 Summary
This chapter begins with a summary of the results before providing details of
the distribution of each of the metrics. Table 4-1 reports the threshold values for
each index and the association between the index and each of the two
performance metrics, ROE and approximate Tobin’s Q. The indexes of
operational dispersion, languages, time zones, currencies, and technology were
positively associated with ROE, while no association was observed for the
employment index and no index was associated with Tobin’s Q. The firms that
were more strongly engaged in virtual work with scores above the index
threshold values in operational dispersion, languages, time zones, currencies,
and technology had satisfactory rather than unsatisfactory ROE.
Table 4-1 Summary of Results
Association with

Association with

ROE1

Tobin’s Q1

.008

.27***

-.12ns

.01

.61***

.2 ns

Languages

2

.04**

-.12 ns

Time Zones

1

.19**

.13 ns

Currencies

4

.23***

-.11 ns

Employment (inclusive)

1.56

.08 ns

.10 ns

Employment (exclusive)

1.32

-1.27 ns

.06 ns

1.01

.19 **

.10 ns

1.31

.17**

.05 ns

Index

Threshold

Operational Dispersion
(exclusive)
Operational Dispersion
(inclusive)

Technical Infrastructure
(inclusive)
Technical Infrastructure
(exclusive)
1

Phi statistic for nominal association: * p<.01. **p<.05, *** p<.001. ns = not significant
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The association between five of the elements of virtual work and ROE
supports the thesis of this thesis that a framework can be constructed to
measure the association between virtual work and organizational performance.
This chapter will present research leading to the establishment of threshold
values for the indexes, giving the results of each of twenty separate
examinations, discussing alternative analytical techniques evaluated, and
examining the general lack of association with Tobin’s Q.

4.2 Performance Metrics
Figure 4-1 shows the distribution of firms ordered (from 1 to 140) by
performance as measured by ROE. In the figure, vertical lines discriminate
between groups of firms that are performing poorly, nominally and well.
(Nominally in this context describes firms that are neither excelling nor failing,
but still operating.) The firms are relatively evenly distributed across these
performance groups. Table 4-2 provides the summary statistics for ROE, and
includes the count of the number of firms classified as having acceptable
performance (ROE of zero or higher, i.e., those in the good and nominal groups
in Figure 4-1) and those who have unsatisfactory performance with ROE below
zero.
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Figure 4-1 Distribution of firms by Return on Equity (ROE)

Table 4-2 Descriptive Statistics: ROE
Mean

-.55

Median

.19

Std. Deviation

16.38

Variance

268.45

Range

112.17

Minimum

-60.24

Maximum

51.93

Classification

0 or above: 41 (29.2%)
Below 0: 99 (70.8%)

The subject firms’ estimated Tobin’s Q has generally expected ranges
around one based on the literature review in Chapter 2. In this sample, there is
a handful of firms that have quite large Tobin’s Q, as illustrated in Figure 4-2.
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Inspection of the firms with high Tobin’s Q shows that they are mostly holding
companies. There is no justification for omitting such firms, which may operate
virtually, from the sample. Including these firms as well as using the mean
could have been a reason that a relationship was not observed between Tobin’s
Q and virtual work. However sensitivity tests were used to exclude this
possibility. Table 4-3 details the summary statistics for Tobin’s Q.

Figure 4-2 Distribution of firms by Tobin's Q
Table 4-3 Descriptive Statistics: Tobin’s Q
Mean

11.63

Median

5.43

Std. Deviation

15.34

Variance

235.30

Range

82.43

Minimum

1.26

Maximum

83.69

Classification Above mean: 41 (29.2%)
Below mean: 99 (70.8%)
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4.3 Indexes of Virtualness
4.3.1

Index of Operational Dispersion (Exclusive)

Figure 4‐3 shows 55 sample firms with no distributed operations, 20 with greatly
distributed operations, and 65 with some distributed operations. The firms had
representatively diverse markets defined. Table 4‐4 describes the distribution of
this data. The two step cluster analysis identifies .008 as threshold. Firms that
slightly exceeded the degree of distribution of the market, meaning they had
operations equal to or greater than the exclusive definition of market, were above
the threshold value.

Figure 4-3 Distribution of firms by Index of Operational Dispersion (exclusive)
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Table 4-4 Summary Statistics: Index of Operational Dispersion (exclusive)
Std.
Mean

Median

Mode

.02

.01

.00

Deviation
.04

Variance

Range

Minimum

Maximum

.0

.32

.00

.32

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

27

.00

.008

Higher

14

.0084

.32

Total

41

.00

.32

4.3.1.1 Index of Operational Dispersion (exclusive) with ROE and Tobin’s Q

Figure 4-4 compares operational dispersion calculated using the exclusive
method against ROE. Inspecting the four quadrants created by jointly
classifying the firms on operational dispersion and ROE (below zero and zero
or above), it can be seen that eleven firms with operational dispersion
(exclusive) above .008 had poor performance (quadrant I), but some poorly
performing firms had less operational dispersion (quadrant IV). Some wellperforming firms were below (quadrant III), and some above (quadrant II). The
numbers in each quadrant are summarized in Table 4-5.
Only twelve firms above the operational dispersion (exclusive) threshold
have higher than mean Tobin’s Q (Figure 4-4 and Table 4-5).
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Figure 4-4 Distribution of Operational Dispersion (exclusive) and Return on Equity

Figure 4-5 Distribution of Operational Dispersion (exclusive) and Tobin’s Q
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Table 4-5 Summary Distribution of Operational Dispersion (exclusive) and ROE and
Tobin’s Q
Quadrant

ROE
n

Tobin’s Q
%

n

%

I: high virtualness, low performance

11

7.8

47

33.6

II: high virtualness, high performance

53

37.8

17

12.1

Subtotal: high virtualness

64

45.7

64

45.7

III: low virtualness, high performance

44

31.4

26

18.6

IV: low virtualness, low performance

32

22.8

50

35.7

Subtotal: low virtualness

76

54.2

76

54.3

140

100.0

140

100.0

Total

4.3.2

Index of Operational Dispersion (inclusive)

Operational dispersion had a very similar distribution when calculated using
the inclusive method (Figure 4-3) as when calculated using the exclusive
method as illustrated in Figure 4-6. The values when examine with only two
digits are usually rounded to be the same. For example the high value for the
exclusive is .31699328 and the inclusive .32036367. When presented here, both
appear to be .32. However, the inclusive distribution had a larger potential
range of dispersion. This is illustrated in the sample firms 1-20 having greater
differentiation in the inclusive rather than exclusive approach. Table 4-6
provides summary statistics. Classification into higher and lower virtuality
resulted in similar proportionality, but with the potentially greater market size
resulting in a higher threshold of 0.01.
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Figure 4-6 Distribution of Index of Operational Dispersion (inclusive)

Table 4-6 Summary Statistics Distribution of Index of Operational Dispersion
(inclusive)
Mean

Median

Std.

Mode

Variance

Range

Minimum

Maximum

.0

.32

.00

.32

Deviation
.02

.05

.00

.05

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

32

.00

.01

Higher

9

.017

.32

Total

41

.00

.32

4.3.2.1 Index of Operational Dispersion (inclusive) with ROE and Tobin’s Q

The effect of operational dispersion, including the full range of potential
marketplace opportunities that are made possible with virtual work as shown
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in Figure 4-7, seems more pronounced when measured against ROE. This
affirms the idea that a method for addressing larger geographic impact is
through virtual work. Specifically, the unconstrained definition of market
operational dispersion places fewer firms in the second quadrant (high
virtuality and high performance) as seen in Table 4-7 than the limited definition
with ROE (Table 4-5). Figure 4-8 compares operational dispersion (inclusive)
with Tobin’s Q. The result is very similar to that obtained with the exclusive
method.

Figure 4-7 Distribution of Index of Operational Dispersion (inclusive) with ROE
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Figure 4-8 Distribution of Index of Operational Dispersion (inclusive)
With Tobin’s Q

Table 4-7 Summary Distribution of Index of Operational Dispersion (inclusive) and
ROE and Tobin’s Q
Quadrant

ROE
n

I: high virtualness, low performance

Tobin’s Q
%

n

%

1

.7

16

11.4

II: high virtualness, high performance

20

14.3

5

3.6

Subtotal: high virtualness

21

15

23

15.0

III: low virtualness, high performance

77

55

40

28.6

IV: low virtualness, low performance

42

30

79

56.4

Subtotal: low virtualness

119

85

117

85

Total

140

100.0

140

100.0
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4.3.3

Index of Languages

The index of languages represented a relatively small range in index values
as illustrated in Figure 4‐9. This was lower than expected before the data was
collected. For the firms involved, the market and operations were rarely
spread across languages. More common were operations and market spread
across a single language. There was a preponderance of English language
global firms operating in Australia, New Zealand, Singapore, Hong Kong, U.K.,
U.S., and the Virgin Islands. When firms had largely separated language
markets, they tended towards largely separated operations representing the
languages. Table 4‐8 summarizes the statistics.

Figure 4-9 Distribution of Index of Languages
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Table 4-8 Summary Statistics of Index of Languages
Std.
Mean

Median

Mode

.74

.40

.33

Deviation
.66

Variance

Range

Minimum

Maximum

.44

3.21

.13

3.33

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

16

.17

2.00

Higher

25

2.00

3.33

Total

41

.17

3.33

4.3.3.1 Index of Languages with ROE and Tobin’s Q

The firms with the highest ratio of languages to performance (those above the
threshold value of 2) all had satisfactory ROE (as seen in Figure 4-10). With
Tobin’s Q (Figure 4-9), no firms both exceeded the mean Tobin’s Q and the
index of languages threshold value of 2. Apart from the research-wide
challenge with Tobin’s Q (discussed later in this chapter), this possibly suggests
that the more globally focused firms witness a faster correction in share prices
than those less distributed, as illustrated in Figure 4-11. There is a large cluster
of firms as shown in Table 4-9 below the threshold for both Tobin’s Q and ROE
comparisons.
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Figure 4-10 Distribution of Index of Languages and ROE

Figure 4-11 Distribution of Index of Languages and Tobin's Q
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Table 4-9 Summary Distribution of Index of Languages and ROE and Tobin’s Q
Quadrant

ROE
n

Tobin’s Q
n

%

%

I: high virtualness, low performance

0

0

5

3.6

II: high virtualness, high performance

5

3.6

0

0

Subtotal: high virtualness

5

3.6

III: low virtualness, high performance

43

30.7

41

29.3

IV: low virtualness, low performance

92

65.7

94

67.1

Subtotal: low virtualness

135

96.4

135

96.4

Total

140

100.0

140

100.0

4.3.4

3.6

Index of Time Zones

The distribution of index of time zones illustrated in Figure 4-12 shows that a
third of the firms have no virtual operations as measured by time zones to
market, a third have some coverage, a fifth (30) are fairly well covered (a ratio
of one-to-one), and a final fifteen percent (20) better to exceedingly well
positioned. Summary statistics for the time zones index are provided in Table
4-10. The threshold for the time zones index was determined to be 1. This index
value is straightforward to understand as it represents that the firm had
operations in every time zone where there was a defined market.
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Figure 4-12 Distribution of Index of Time Zones

Table 4-10 Summary Statistics for Index of Time Zones
Mean

Median

Mode

.56

.33

.08

Std.
Deviation
.53

Variance

Range

Minimum

Maximum

.29

2.32

.08

2.40

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

27

.08

1.00

Higher

14

1.00

2.40

Total

41

.08

2.40

4.3.4.1 Index of Time Zones with ROE and Tobin’s Q

The firms that exceeded the one-to-one ratio for time zone coverage all had
positive ROE as illustrated in Figure 4-13. Similarly, having a one-to-one
mapping favored a positive ROE (firms on the line in the figure), but the
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distinction was not as definitive as the greater than one-to-one mapping. This is
an interesting point for further research, decoupling operations to market and
addressing time zone-based workflow. Operations dispersed beyond market
time zones may see greater ROE because they have the ability to time shift work
around the globe. This is further discussed in the following chapter.
Index of time zones and Tobin’s Q is shown in Figure 4-14. There are a
large number of firms for both ROE and Tobin’s Q comparisons that are below
the threshold as detailed in Table 4-11.

Figure 4-13 Distribution of Index of Time Zones and ROE
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Figure 4-14 Distribution of Index of Time Zones and Tobin’s Q
Table 4-11 Summary Distribution of Index of Time Zones and ROE and Tobin’s Q
Quadrant

ROE
n

I: high virtualness, low performance

Tobin’s Q
n

%

%

0

0

7

5

II: high virtualness, high performance

11

7.9

4

2

Subtotal: high virtualness

11

7.9

11

7.9

III: low virtualness, high performance

43

30.7

37

26.4

IV: low virtualness, low performance

86

61.4

92

65.7

Subtotal: low virtualness

129

92.1

129

92.1

Total

140

100.0

140

100.0

4.3.5

Index of Currencies

Figure 4-15 shows the distribution of the index of currencies. In this index, the
Euro block of operating companies had a strong advantage. While a third of the
firms sampled were in the Euro block, only 15% of the entire sample had index
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values less than 1 (markets where they did not have other currency operations).
Had the Eurozone not been created (and the data adjusted for a common
currency), this would have been closer to 50%.
Table 4-12 provides summary statistics for the index of currencies. The
threshold value was 4.

Figure 4-15 Distribution of Index of Currencies
Table 4-12 Summary Statistics for Index of Currencies
Mean

Median

Mode

Std.

Variance

Range

Minimum

Maximum

5.81

7.86

.14

8.00

Deviation
3.57

3.50

4.00

2.41

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

32

1.00

4.00

Higher

9

6.00

8.00

Total

41

1.00

8.00
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4.3.5.1 Index of Currencies with ROE and Tobin’s Q

Figure 4-16 shows ROE and index of currencies and Figure 4-17 shows the same
index with Tobin’s Q. In many ways, currencies are like languages in that they
are another means to look at global distribution. The regional nature of
currencies amplifies regional trade blocks as the Euro or the Eastern Caribbean
indicates. In this case, there is again an apparent association with ROE, though
not with Tobin’s Q as seen in Table 4-13.

Figure 4-16 Distribution of Index of Currencies and ROE
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Figure 4-17 Distribution of Index of Currencies and Tobin’s Q

Table 4-13 Summary Distribution of Index of Currencies and ROE and Tobin’s Q
Quadrant

ROE
n

Tobin’s Q
%

n

%

I: high virtualness, low performance

11

7.9

33

23.6

II: high virtualness, high performance

31

22.1

9

6.4

Subtotal: high virtualness

42

30.0

42

30.0

III: low virtualness, high performance

66

47.1

32

22.9

IV: low virtualness, low performance

32

22.9

66

47.1

Subtotal: low virtualness

98

70.0

98

70.0

140

100.0

140

100.0

Total

4.3.6

Index of Employment (Inclusive)

The index of employment compares the rate of unemployment in the market
with the rate of unemployment in the operating areas (where the firms had
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operations). The distribution is shown in Figure 4-18. Summary statistics are
provided in Table 4-14.

Figure 4-18 Distribution of Index of Employment (inclusive)

Table 4-14 Summary Statistics for Index of Employment (inclusive)
Mean

Median

Std.

Mode

Variance

Range

Minimum

Maximum

.11

2.70

.36

3.06

Deviation
1.16

1.16

1.26

.33

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

40

.42

1.56

Higher

1

3.06

3.06

Total

41

.42

3.06
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4.3.6.1 Index of Employment (Inclusive) with ROE and Tobin’s Q

The six firms that leveraged differing unemployment rates in their operations
represented less than 5% of the total firms (see Table 4-15). However, with two
exceptions, the remainder of the firms below the threshold were evenly spaced
between quadrants III and IV of Figure 4-19. There was no observed association
with success as measured by ROE. Figure 4-20 also shows no observed
association with success as measured by Tobin’s Q.

Figure 4-19 Distribution of Index of Employment (inclusive) and ROE
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Figure 4-20 Distribution of Index of Employment (inclusive) and Tobin’s Q
Table 4-15 Summary Distribution of Index of Employment (inclusive)
Quadrant

ROE
n

Tobin’s Q
%

n

%

I: high virtualness, low performance

2

1.4

6

4.3

II: high virtualness, high performance

9

6.4

5

3.6

Subtotal: high virtualness

11

7.9

11

7.9

III: low virtualness, high performance

88

62.9

36

25.7

IV: low virtualness, low performance

41

29.3

93

66.4

Subtotal: low virtualness

129

92.1

129

92.1

Total

140

100.0

140

100.0

4.3.7

Index of Employment (exclusive)

When examining the effect of employment with a constrained definition of
market, the results are similar to the inclusive values. The distribution of the
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index is plotted in Figure 4-21 and summary statistics appear in Table 4-16. The
threshold value was 1.32.

Figure 4-21 Distribution of Index of Employment (exclusive)
Table 4-16 Summary Statistics of Index of Employment (exclusive)
Mean

Median

Mode

.95

.98

1.04

Std.
Deviation
.26

Variance

Range

Minimum

Maximum

.07

2.33

.27

2.60

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

40

.34

1.32

Higher

1

2.60

2.60

Total

41

.34

2.60

4.3.7.1 Index of Employment (exclusive) with ROE and Tobin’s Q

The results were very similar to the inclusive values, in that few firms leveraged
the different rates of unemployment to demonstrate a difference in performance
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in relationship to the threshold value. This is illustrated in Table 4‐17 and
plotted in Figure 4‐22 for ROE and Figure 4‐23 for Tobin’s Q

Figure 4-22 Distribution of Index of Employment (exclusive) and ROE

Figure 4-23 Distribution of Index of Employment (exclusive) and Tobin’s Q
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Table 4-17 Summary Distribution of Index of Employment (exclusive) and ROE and
Tobin’s Q
Quadrant

ROE
n

Tobin’s Q
n

%

%

I: high virtualness, low performance

1

.7

2

1.4

II: high virtualness, high performance

3

2.1

2

1.4

Subtotal: high virtualness

4

2.9

4

2.9

III: low virtualness, high performance

42

30..0

39

27.9

IV: low virtualness, low performance

93

66.4

97

69.3

Subtotal: low virtualness

135

96.4

136

97.1

Total

140

100.0

140

100.0

4.3.8

Index of Technology (inclusive)

This index used the degree of Internet access as a means to measure the
overall access to technology ‐‐ both of customers in the markets and firms
in the operations. For the large part, the operations and markets were
unbalanced, and technology would not be enabling (values less than 1) as
seen in Figure 4‐24. For the values greater than one, firms are able to
leverage technical expertise in the markets to their advantage. The
distribution is summarized in Table 4‐18.
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Figure 4-24 Distribution of Index of Technology (inclusive)

Table 4-18 Summary Statistics for Index of Technology (inclusive)
Std.
Mean

Median

Mode

.60

.46

.75

Deviation
.30

Variance

Range

Minimum

Maximum

.09

2.05

.24

2.29

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

15

.37

1

Higher

26

1

2.29

Total

41

.37

2.29

4.3.8.1 Index of technology (inclusive) with ROE and Tobin’s Q

For operations where technology access in the markets was equal to or slightly
greater than that of home operations, there was a relatively large cluster in ROE
quadrant II (high virtualization, high performance), as shown in Figure 4-25
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and Table 4-19. The relationship with Tobin’s Q is not as marked, as seen in
Figure 4-26.
The result for this index of virtual work is exciting, as it indicates that
technical infrastructure in a country is likely to have a positive (if present) or
negative (if not present) impact on a firm’s performance.

Figure 4-25 Distribution of Index of Technology (inclusive) and ROE
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Figure 4-26 Distribution of Index of Technology (inclusive) and Tobin’s Q

Table 4-19 Summary Distribution of Index of Technology (inclusive)
and ROE and Tobin’s Q
Quadrant

ROE
n

I: high virtualness, low performance

Tobin’s Q
n

%

%

0

0

6

4.3

II: high virtualness, high performance

11

7.9

5

3.6

Subtotal: high virtualness

11

7.9

11

7.9

III: low virtualness, high performance

86

61.4

36

25.7

IV: low virtualness, low performance

43

30.7

93

66.4

Subtotal: low virtualness

129

92.1

129

92.1

Total

140

100.0

140

100.0
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4.3.9

Index of Technology (exclusive)

When examining the index of technology with the exclusive market definition,
the result is that a majority of firms have identical infrastructure in terms of
Internet access to the home country of operations (value of 1). This is plotted in
Figure 4-27 while summary statistics are provided in Table 4-20. This intuitively
seems likely but is by no means a foregone conclusion, as developed countries
do have variance in the degree of Internet connectivity (often as a function of
geography). A smaller percentage has values below .5 rather than above 1.5.
This represents a pre-disposition to operating in an infrastructure-enabling
environment.

Figure 4-27 Distribution of Index of Technology (exclusive)
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Table 4-20 Summary Statistics for Index of Technology (exclusive)
Std.
Mean

Median

Mode

1.01

.91

.97

Deviation
.52

Variance

Range

Minimum

Maximum

.27

4.26

.29

4.55

Case Summaries
Virtualness Cluster

N

Minimum

Maximum

Lower

33

.73

1.01

Higher

8

1.08

4.55

Total

41

.73

4.55

4.3.9.1 Index of Technology (inclusive) with ROE and Tobin’s Q

In the inclusive marketplace, the threshold value increases to 1.31 from
1.01 for the exclusive definition. Again with similar results to the
exclusive index, it appears that being above the threshold provides just
enough differentiation for firms with high virtualness to be assured of a
non-negative ROE (quadrant II) as shown in Figure 4-28 and Table 4-21.
Figure 4-29 plots Tobin’s Q with the index of technology
(exclusive). The result is similar to that for the inclusive index.
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Figure 4-28 Distribution of Index of Technology (exclusive) an ROE

Figure 4-29 Distribution of Index of Technology (exclusive) and Tobin’s Q
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Table 4-21 Summary Distribution of Index of Technology (exclusive) and ROE and
Tobin’s Q
Quadrant

ROE
n

I: high virtualness, low performance

Tobin’s Q
n

%

%

1

.7

9

6.4

II: high virtualness, high performance

13

9.3

5

3.6

Subtotal: high virtualness

14

10.0

14

10

III: low virtualness, high performance

94

67.1

36

25.7

IV: low virtualness, low performance

32

22.9

90

64.3

Subtotal: low virtualness

126

90.0

126

90.0

Total

140

100.0

140

100.0

4.4 Exploration of Alternative Analytical Techniques

Time Zone and Tobin’s Q and
ROE

Time Zone and Tobin’s Q and
ROE

Time Zone and Tobin’s Q and
ROE

Figure 4-30 Multivariate approach

While Tobin’s Q and ROE should reflect two perspectives on a firm’s
performance, they share common elements and there may be some merit in
comparing virtualness with a combined performance index. The approximation
technique for calculation of Tobin’s Q depends on a single day’s snapshot of
value, as defined by share price and outstanding shares, so a key is needed to
allow for differences between Tobin’s Q and ROE, generated either on a
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particular day or over a year. ROE is used in this context as an annual reported
value. A common approach was tried, examining the index of time zones over a
five-year period with ROE and Tobin’s Q, and did not provide different results
for the relationship between virtualness and either metric. Nor, as illustrated in
Figure 4-30, did it offer a means to concurrently perform a multivariate analysis
of a single index and the two performance metrics. Judged by the bivariate
analyses presented in Section 4.3, the approximate Tobin’s Q results do not
contribute to an understanding of the contribution of virtual work to
performance. Since this research is concerned with measuring the relationship
between virtual work and organizational performance, rather than what
combination of factors influence that performance, multivariate analysis was set
aside.
Similarly, the use of multi-index examinations of a single aspect of virtual
work was set aside. This research is fundamentally concerned with ascertaining
whether measuring virtual work in relation to performance leads to an
understanding of when to employ virtual work. While it might be interesting to
understand whether a certain soup recipe of virtual work elements leads to
exponential performance increases while another recipe does not, this is outside
of the scope of this research (the concern here is just to determine if making
soup is a good idea, not precisely how to make the best soup!). The resulting
focus on single elements of virtual work, rather than on all the factors that
could influence performance, is discussed further in Chapter 6.

4.5 Lack of Association with Tobin’s Q
The absence of a correlation with Tobin’s Q may be attributable to the method
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used to establish a market from publicly available information, as opposed to a
firm’s own operational definition of it. Both a true Tobin’s Q and the
approximation used in this research depend on the share price of the firm,
which is a market measure – on open exchanges, there is a market for the shares
of a firm. Individual actors demonstrate their assessment of the value of the
firm through the price they are willing to pay for the shares. These individual
actors are making a qualitative assessment, which is in part a representation of
perceived value, but perception of value is not uniformly the same as
operational value (Useem, 1999). Furthermore outside actors may decide that a
different investment such as gold is more desirable, irrespective of the firm’s
operations, and consequently sell shares and drive down the approximate
Tobin’s Q value for the firm. This, combined with market-wide impacts in the
year of examination (2008) and the month (February) of share price data used,
might have amplified the impact of volatile currency exchange rates and market
uneasiness. These forces might together explain the mismatch between the
results for ROE and the public (investor) perception of a firm’s short and longterm performance as represented by Tobin’s Q.
As will be addressed in Chapter 5, perhaps neither of these performance
indicators is an ideal measure. Nonetheless, an approach based on ROE has led
to identification of indexes showing significant relationships with virtuality and
an improved understanding of aspects of virtualization that appear to be
associated with organizational performance.
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5 Case Study: CyberBridges and Global CyberBridges
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5.1 Introduction: the Application of Virtual Work Assessment to
Academic Research
The examination of virtual work’s relation to performance, as described in
Chapter 4, was undertaken to explore whether a relationship could be observed
between public corporations’ performance and virtual work. This exercise was
distinguished from the traditional research on virtual work in that a broad
rubric was sought, as well as available and consistent performance data.
Having demonstrated that it is possible to identify a relationship between some
elements of virtual work and performance, the opportunity now arises to apply
this understanding in ongoing research. This is of interest specifically for
contributing to ongoing academic research into virtual work, in order to discuss
broader applications of the methodology established. This chapter will examine
the virtual work aspects of an academic project, “Global CyberBridges”,
studying the metrics of virtual work and their relationship with the success or
failure of the project; and will then tailor the methodology presented in this
thesis to that project, ensuring that the results are applicable to understanding
those elements of virtual work that directly link to scholarly performance.
Global CyberBridges grew out of a study led by Heidi Alvarez on
collaborative learning, a project called CyberBridges (Alvarez, 2007), which
applied John Bransford’s “How People Learn” model of inquiry-based learning
(Bransford, 2000) to research on technology-augmented education. The
intention of CyberBridges was to offer a faculty member’s research project as an
investigative base so that students could develop their understanding of
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technology through non-technology-focused inquiry. For example, a physics
research project would ask a student how to better understand a particular
perspective on dark matter, and the student would attempt to do this through
computer modeling, a field previously unfamiliar to the student. Through
CyberBridges, a network of technology faculty and staff acted as resources to
the student, whose learning was driven by the inquiry. The CyberBridges
project, with NSF support, reported success with this model in 2005-2006
(Alvarez, 2007). An important factor in the assessment of CyberBridges, which
differentiates it from other technology education programs, was that the success
of the student in the domain of research was the paramount focus, rather than
some detached metric of technology competency.
Global CyberBridges, a follow-on project during 2006-2009 with NSF
support, sought to amplify the virtual work aspects of CyberBridges (Alvarez,
2010b). While the original project engaged the student and the technology
educators virtually to some extent, the primary operation was co-located
between the students and faculty of Florida International University and the
University of Puerto Rico. Global CyberBridges sought to cast a wider net,
seeking to extend the activity to the East and West coasts of the United States,
and to Brazil and China. Apart from the virtual work aspect, the underlying
methodology remained the same in Global CyberBridges as it had been in
CyberBridges. Because of that, this research could use the performance of
CyberBridges as a baseline for assessing the virtual work aspects of Global
CyberBridges
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5.2 Methodology
5.2.1

Approach

The case study first applied the methodology used to examine the firms
(Chapters three and four) to the CyberBridges and Global CyberBridges
projects. This was done by normalizing the results of both projects for size; the
method is further discussed in section 5.2.2. Then indexes were constructed
using the same elements of virtual work proposed in Chapter 3. The definitions
of markets and operations differ in this context; they are discussed in Section
5.2.3.
The case study discusses the suitability both of the indexes developed in
Chapter 3 to scholarly work, and the applicability of the framework. The
framework is further examined through consideration of other indexes of
virtual work and scholarly performance metrics. The methods described in
Chapter 3 were needed to establish a framework and to ascertain if the
framework would lead to an association between indexes of virtuality and
performance. While the largely transparent corporate results, market and
operations data enabled a framework to be developed, this case study uses a
research project to examine extensibility of the framework.
5.2.2

Performance Metrics for Global CyberBridges

For the analysis of firms in Chapter 4, the performance metrics ROE and
Tobin’s Q, two measures for evaluating firm performance taken from the
literature, were used. To evaluate Global CyberBridges, a set of more
appropriate metrics for scholarly endeavor was needed. Performance analysis
of CyberBridges and Global CyberBridges can be examined both in terms of an
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individual research project and as a project designed to attract peer interest.
The performance of an individual research project can be judged by
publication in scholarly journals, or at a refereed conference, or as a chapter in a
book (Fox, 1983; McGrail, Rickard, & Jones, 2006). For this performance metric,
publications, the non-virtual CyberBridges had a ratio of one -to -one, meaning
that every endowed student published one item on his or her work. For the
Global CyberBridges virtual project, as at May 2010, the ratio was 1.78. As the
project is not yet completely finished, it is likely that this ratio will eventually
exceed two publications per endowed student, based on the volume and track
record of authored publications not yet reviewed (Alvarez, 2010a).
The second performance metric is the number of others deeming the work
to be of sufficient interest and impact to warrant their collaboration. In this
context, peers are other students with similar backgrounds, who would be
attracted to the work based on their assessment of its contribution to their
education. While student and faculty pairings are funded, the number of
unfunded cohorts is a value metric for both the research being undertaken
(being sufficiently interesting to attract more students) and for the student
(showing the ability to attract peers to a research effort). In the non-virtual work
there were 0.5 cohorts for each student; the local project had limited exposure
and external engagement, so that only half the students could attract a single
other student to the research. In contrast, the virtual initiative had a ratio of 10.7
cohorts to each funded student. While assessing work in terms of cohorts is not
a conventional method, it is one used by both CyberBridges, and will be used in
this analysis as well.
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Table 5-1 CyberBridges and Global CyberBridges Performance Summary
Performance metrics

CyberBridges

Global CyberBridges

Publications

1

1.78

Cohorts

.5

10.7

In the same way that ROE and Tobin’s Q offer two valuable metrics of
corporate success but are certainly not comprehensive, so rate of publication
and cohorts attracted are useful but not comprehensive metrics of scholarly
performance. Nonetheless, they offer a consistent basis of performance
comparison for virtual and non-virtual work in the CyberBridges projects.
It is important to note that both these CyberBridges performance metrics
are normalized values. One simple difference between the non-virtual and
virtual programs is that the latter is larger, with more students being funded.
The normalized approach adjusts for this by scaling the publications and
cohorts on a basis of the number of funded students; however, this does not
necessarily take account of scholastic inertia. As the less successful project
(judged by the ratios of publications and cohorts) was implemented before the
virtual one, there could have been amplification due to greater effectiveness in
the administration of the program, greater general knowledge of the initiative,
or an authority bias in the system (seeing that the NSF judged the first project
worthy of a successor, the successor would be assumed to be good).
5.2.3

Applying the Researched Virtual Work Elements to Global CyberBridges

The first examination of the relationship between virtualness and performance
in the CyberBridges projects used the indexes and threshold values developed
for the firms. Because of different definitions of the markets of the firms and the
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projects, some adjustment to the threshold values had to be made. The
significance of each index and the calculation of threshold values for the
CyberBridges projects are discussed in this section. The threshold values
developed in the previous chapter will be examined against these scholarly
projects.
5.2.3.1 Operational Dispersion

Operational dispersion in the investigation of firms included both inclusive and
exclusive market definitions; however, Global CyberBridges does not lend itself
operationally to an examination of the inclusive interpretation. While an
inclusive interpretation would certainly apply for broader studies,
operationally Global CyberBridges has a defined space, and hence only an
exclusive market definition.
The market was therefore defined in this case as the space in which the
students and faculty researchers were located, and the operational locations as
those where the technical and programmatic support operated. For Global
CyberBridges, operations were ‘headquartered’ in Miami, distributed
operations were in San Diego and Beijing, while the students were in Sao Paulo
and Rio de Janeiro in Brazil, in Florida and California, and in the Eastern
Provinces of China (Alvarez, 2010b). Linear distances, university to university
(in kilometers) were calculated using the method for calculating dispersion
described in Chapter 3. Global CyberBridges had an index of operational
dispersion of 1.32, comprised of a market dispersion (Miami to Sao Paulo, San
Diego, and Beijing) of 26,581 km and an operational dispersion of 20,027 km,
with technical support and operations in Miami and Beijing. The non-virtual
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CyberBridges, being non-distributed, had an index value of 0.
5.2.3.2 Languages

The application of market languages for Global CyberBridges is ambiguous: in
examining a firm’s working languages, the languages counted would be those
commonly used for business in the market in national segments, an appraisal
methodology that is not without its own difficulties. In some cases the official
languages of nations extend beyond what is common for business; regional
dialects can sometimes be more aptly described as languages. Because of these
variations, the focus for analyzing a firm’s markets has to be in terms of the
official languages. The litmus test is this: if a firm in a nation has dealings with a
bank, what would be the language of the transaction? The result was that some
countries, like Switzerland, have three market languages (French, German and
English) while Singapore has only one (English).
The group communications of Global CyberBridges were transacted in
English, either asynchronously or in real time (Alvarez, 2010b). For this reason,
English may be described as the only market language of Global CyberBridges.
The operating languages included Beijing Standard Mandarin, Portuguese,
English, and Spanish (the language predominantly used in Miami). The
numerator in the index of languages is the number of staff local languages: that
is, four. The denominator is the number of market languages, in this case one.
As a result the index value for languages in Global CyberBridges was 4,
reflecting diverse languages in operations. The threshold value for this index
was not adjusted.
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5.2.3.3 Time Zones

The research on a firm’s time zones did not take into account variations due to
daylight saving time, assuming that daylight saving time would come and go
over a year and would effectively average out over an annual cycle.
Furthermore, since these are largely one-hour, or sometimes thirty-minute
shifts, it did not seem necessary to adjust for them. However the Global
CyberBridges project faced significant challenges resulting from problems with
time zone coordination, due to opposite cycles of daylight saving time between
the northern and southern hemispheres. While Miami and Sao Paulo are one
time zone different on a map, in reality, as the two countries move in and out of
daylight savings seasons, local times can sometimes be as much as three hours
apart while at other times they are exactly the same. Daylight savings time
starts and ends in Brazil around October 16 and February 20; in the United
States on March 10 and November 4. This effectively creates four separate
periods with three differences in time zone. To complicate the problem even
more, perhaps, China does not adjust for daylight savings. Time problems are
further compounded by differing school calendars, each taking advantage of
summer holidays, which in the northern hemisphere are six months out of step
with those in the south (Alvarez, 2010b). There are eight different time zones
between operations in Miami and China, so that the index of time zones for
Global CyberBridges was 0.88.
5.2.3.4 Currencies

While currencies are a significant challenge for firms repatriating funds or
dealing with commercial operations, they are not as important for the
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collaborative activities of universities. Universities have financial challenges
operating outside their countries, but this is certainly a minor operational
concern. This does not mean that it was not a challenge for Global
CyberBridges: rather, there were strong university and organizational barriers
to addressing challenges arising from multiple currencies, in contrast to the
attitude of firms that have incentives to capture whichever currency they can.
This issue materialized most concretely under the original funding agency
(the NSF) and was echoed by subsequent funding bodies (The Academic
Foundation of the State of Sao Paulo and the Chinese Academy of Science), who
were not particularly inclined to expend currency beyond their borders while
still valuing international projects. What this meant was that each country had
effectively to pursue its own local funding with coordination done outside
academic or commercial relationships, so that there were numbers of people
responsible to different funding agencies for various parts of the project. While
Global CyberBridges was deliberately structured so that collaboration was
fundamental to its international success, ultimately success could be re-defined
by the sponsoring “agency”, which comprised three separate bodies with no
formal inter-governmental cooperation.
In the case of Global CyberBridges, currency can act as a proxy metric for
the degree of government interaction and for the coordination challenges of
virtual work. In effect there were two operating currencies (U.S. dollars and
Chinese Yuan) and three market currencies, resulting in a currency index for
Global CyberBridges of 0.66.
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5.2.3.5 Employment

The index of employment was intended as a metric for determining the
desirability of acquiring a workforce within an operational space and market,
and to gain insight into the human resources operations of firms having various
degrees of virtuality. This was examined using a comparison of the national
rates of unemployment at the headquarters, and at the distributed operations.
For university enrollment, unemployment rates and enrollment rates are
typically counter cyclical (Gustman & Steinmeier, 1981). Over the four years of
Global CyberBridges there were some significant swings in local
unemployment, particularly compared with minor changes in the rates of
college graduation at the institutions in question: in the United States
unemployment increased from 4.8% to 9.4% while in Brazil it went from 9.6% to
7.4%. There can also be a delay in employment affecting enrollment (Cardoso &
Ferreira, 2009). This case study used the average value of unemployment for all
three Global CyberBridges countries over 2005–2009.
The firms’ non-virtual operation (only in 2007) resulted in an index value
of 0.22, representing low unemployment. Global CyberBridges’ index value of
0.9 represents a slightly higher average rate of unemployment across the United
States, China, and Brazil, with a lower total percentage of unemployment.
5.2.3.6 Technology

The technology index looks at the Internet availability rates of a firm’s
operations and compares this with their market access rates. When applying
this concept to CyberBridges, it is straightforward to determine universities’
connectivity rates, but the result would be an index without a direct correlation
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between the resources broadly available and those available to the
CyberBridges projects. While a university is ultimately a hierarchical structure,
in financial terms research projects tend towards a self-sustaining model for
most infrastructures apart from bandwidth (which, if taken into account at all,
comes from either a telephone tax or an overhead). This means that a
university’s funding, whether generally poor or generous, is not necessarily
correlated with the availability of resources for a particular project. Internet
access is not a complete set of infrastructures, just as it was not a perfect set for
the firms either, as there are critical common infrastructures such as power and
network connectivity. But the baseline for university connectivity, especially for
those involved in Global CyberBridges, is so high that differences in bandwidth
would not explain differences in technical infrastructure. Some participants had
external connections at 10 GB not shared with any other universities, some had
shared 10 GB connections. With the average utilization of these links at 20% per
university, it did not matter whether 20% or 40% was used, since there was
excess capacity in both scenarios.
Furthermore, all the universities involved in Global CyberBridges had
robust network connections and interconnections. As the universities’ policies
did not allow for examination of the project’s available bandwidth other than at
the level of the universities, the total network capacity of the university was
used as an indicator, but certainly not a crucial one. In these terms, both the
virtual and non-virtual CyberBridges had an index value of 1, because the
markets and the operations each had complete (100%) Internet access.
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5.3 Results
Global CyberBridges had a larger number of cohorts and a larger number of
publications per student than CyberBridges, so the virtual project was more
successful in this respect; the non-virtual CyberBridges project provided the
baseline. When examining the CyberBridges and Global CyberBridges data
against the thresholds determined in Chapter 4, the results are consistent with
the findings related to firm performance, as shown in Table 5-2 and discussed
below.
Table 5-2 Comparison of Firm Threshold to CyberBridges and Global CyberBridges
Indexes
Element of Virtual Work

Threshold values
from firms

CyberBridges

Global
CyberBridges

Operational Dispersion (exclusive)

0.008

0

1.32

Languages

2

1

4

Time Zones

1

0

0.88

Currencies

4

1

0.66

Employment (exclusive)

1.32a

0.22

0.9

Technology (exclusive)

1.31

1

1

a

No statistically significant association with ROE for firms.

The operational dispersion index for CyberBridges was below the
threshold of desirability, while the index for Global CyberBridges was above it.
The threshold for this element of virtual work suggested that the distribution of
operations to students would approach success when it was greater than 0.70.
Having operational staff in Beijing and Miami worked well, and engaged the
students in Sao Paulo effectively. While it would have been ideal to have
operations in Brazil as well, funding and cost issues prohibited this; however,
lack of operations in Brazil was not a significant barrier to the effectiveness of
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the project.
The threshold value for the index of languages was found to be 2, as
detailed in Chapter 4. The CyberBridges project had a ratio of one-to-one for
student and operations languages, but as the market did not span any other
time zones the denominator was zero, in Global CyberBridges this ratio was
four-to-one. Global CyberBridges exhibited better performance than
CyberBridges, and the index was above the threshold. This result is confirmed
by the discussion of effective communication in both project reports. The
operational language used in Global CyberBridges was English, but
significantly there were very few native English speakers. The native languages
of the participants were diverse; because of this, a predisposition towards
virtual communication materialized in the form of a dependency on
asynchronous communication to facilitate routine videoconferences. These
asynchronous e-mails and posts clarified work efforts and detailed operations
in a way that might not have been achieved with a common native language.
There were four operational languages in Global CyberBridges compared with
the CyberBridges value of 1; establishing a common understanding takes a
concerted effort; and this has been shown to be an essential learning tool in How
People Learn (Bransford, 2000).
The threshold value for the index of time zones was previously
established as 1. Firms with operations spanning all the time zones in which
their customers were located were more likely to be successful. CyberBridges
was not distributed, and so was well below the threshold. Global CyberBridges
did not have distributed operations covering the regions where all the students
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were, so the Global CyberBridges index was also below the threshold. While
this result is counterintuitive, since being below the threshold suggests less than
desired performance in which the threshold represents a potential for good
performance, not a guarantee. This distinction is important to this research as
the discussion of the challenges of Global CyberBridges includes significant
issues related to scheduling. One component of the Global CyberBridges project
was regular videoconferences, which were extraordinarily difficult to arrange
given different school schedules and changing time zones in the northern and
southern hemispheres. The coordination between Miami and Beijing was
awkward – early in the morning for one side, and late at night for the other –
but in practice worked out relatively smoothly. The scheduling of Miami or
Beijing with Sao Paulo was more challenging, the differentiating factor being
not simply the time zone or hemisphere differences, but the lack of local
coordination in Brazil, which did not host a Global CyberBridges operations
base. While circumstances in Beijing might have been as challenging, they were
not.
Certainly there are compounding factors and other causal elements, but
the application of the time zone index of virtual work, both in threshold value
and the examination of Global CyberBridges operations, suggests that
reasonable performance is possible without one-to-one time zone
correspondence, even though operational challenges from being below the
threshold do emerge.
The examination of currencies in an academic setting typifies the
challenges outlined in this chapter. The non-virtual CyberBridges had the same
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operating and market currency, thus an index value of 1, whereas Global
CyberBridges was distributed over three currencies. This is a function of a
scholarly marketplace in which efforts are driven by global reputation but
funded locally. Just as the index of time zones for Global CyberBridges was an
important data point that did not correspond to increased performance, so it
was for currency. The structure of international academic research outside the
European Union is disjointed, and funds rarely cross international borders. This
means that the research vision of Global CyberBridges called for three different
perspectives and three different reporting and costing structures. There are
clear inefficiencies in such a system. It is difficult to coordinate the assessment
of student fellows when the funding amount (and thus the number of awards)
depends on the country of origin of the students who apply. Establishing
priorities in international cooperation with different local demands weakens the
ability to offer funds as a stimulus for collaboration.
While there are certainly bureaucratic overheads with the EU approach of
multi-national research funded by a single currency valid across disparate
countries (Banchoff, 2002), it seems that, when contemplating the combination
of separate bureaucratic processes and the challenges of coordination, separate
overheads are not substantially different. The argument against a multinational single currency authority is that it prevents local tailoring of the
operations to precisely suit circumstances, so that ultimately single funding
stifles diversity. The EU design certainly factors in these elements, although its
long-term effectiveness is still unclear.
In an instance where the Global CyberBridges’ currency index value is
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below the threshold, the original proposal itself makes clear what painful
processes the operations needed to undergo to address the lack of common
operating currencies. In these circumstances Global CyberBridges did not
exceed the threshold, but if it could have done so without governmental
constraints, performance might have been even greater (Blau, 1994).
The threshold value for the index of employment did not distinguish
between levels of performance using ROE or Tobin’s Q for firms, so that
evaluating Global CyberBridges against that metric is not helpful. Furthermore,
the index of employment as constructed would likely be contra-indicated for
university-based research, as it is a ratio of the general rate of unemployment to
the percentage of college graduates in the national population. While firms may
value an educated work force, and are eager to fill the demand for employment
by those with a baccalaureate education, Global CyberBridges benefitted from
those students who continue their studies and research. Students’ decisions to
continue their studies could well be motivated by the rate of unemployment or
by the scarcity of co-nationals with advanced education.
The index of technology was designed to examine whether a firm’s
operations would have comparable amounts of technical infrastructure at the
firm’s headquarters and distributed operations, and in the markets. The
measure used to evaluate this was the relative availability of Internet access.
Simple access was the basis for analysis with firms, but research universities
have a much higher need. The criteria for effectiveness are also quite different.
This is most so among the top tier of research institutions in a country. All the
universities involved in Global CyberBridges had 10GB external network
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connections, with international interconnecting networks of comparable size.
For that matter, the labs involved in Global CyberBridges had speciallydesigned high-speed connections to the universities’ external links. Students
had extensive access to networking across all campuses, and technology tools
such as computers were generally available so that all students had high-speed
Internet access. Immersive video conferencing was used. (The particular video
conferencing system was SAGE, itself a research project. Global CyberBridges
participated in the testing and refinement of this system). Asynchronous tools,
including e-mail and collaborative web environments, were universally
available to all students and staff. The technical challenges in Global
CyberBridges seemed to center primarily on bridging advanced technical
knowledge to the domain-specific research being undertaken (Alvarez, 2010b).
Technical infrastructure is present for the most part among the top
research universities globally, which nowadays average greater than 10GB
international and inter-continental connectivity. This evolution makes the index
of technology as constructed inappropriate for interactions between researchintensive universities. Technology has become in this community a critical but
intrinsic component of operations, like electricity and air travel. Given this, the
index of technical infrastructure results, neither for CyberBridges nor Global
CyberBridges, are informative, as the pervasiveness of Internet availability in
the community eliminates the point of measuring it.

5.4 Discussion: Refining Indexes
The work discussed so far in this thesis presents a path towards performance
indexing of virtual work. The particular indexes chosen were those that could
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be examined from outside the organization, using only publicly available data.
This work was meant to determine whether particular measures of virtuality
could be shown to be associated with performance; if so, the next step would be
to construct more situationally aware indexes and observe their effect on
performance. The threshold values established in this work suggests a
methodology for linking the more tailored index values to performance over
time: a functioning ‘dashboard’ that measures elements of virtual work and
performance over time in order to establish preferred virtual operating
thresholds. The dashboard would represent the publicly assessable indexes
identified as appropriate for a particular initiative, as well as other indexes
based only on non-public data.
For Global CyberBridges (and other similar scholarly work) a virtual work
index dashboard design could use two of the sets of performance metrics
offered in this case study: the rate of publications by research fellows, and the
number of cohorts or peers attracted to work with a study leader. Other
performance metrics relating to Global CyberBridges’ goals and requirements
could be included, such as days past deadline for all reports and/or numbers of
reports due; numbers of applicants and/or fellow positions funded; numbers of
synchronous meetings rescheduled and/or held; student and faculty requests
for information; and the duration in days of the operation of the project, as
depicted in Figure 5.1. These are performance measures based on external
published reports. More insightful measures for any effort could be added
based on an understanding of all the stakeholders’ definitions of performance.
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Figure 5-1 Dashboard Model
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The six indexes of virtual work checked against Global CyberBridges
earlier in this chapter yielded some potentially useful indexes, and some of little
value. These six indexes were suggested by the literature review, and limited to
those externally observable for firms. When designing operational dashboards
the pool of potential indexes is much greater.
For Global CyberBridges, four of the established indexes were potentially
useful. Operational dispersion offered some particular insights into the effect
that the distance between the operations and the students ultimately has on
performance. If, for example, Global CyberBridges did not have operations, but
only students, in Beijing, the index would have fallen below the threshold level.
When applied to the larger dashboard of performance metrics this could be a
subtle predictor of performance shifts.
The indexes of language, time zones, and currency would also be useful
for a Global CyberBridges-specific dashboard, and for academic work
generally. While time zones and currencies were shown, in a simplistic
comparison with the threshold values derived from firms and CyberBridges, to
be contra-indicative of the two performance metrics used, this is not necessarily
the whole story. As discussed in this chapter, Global CyberBridges did have a
very hard time with time zones and currency (replaced in the academic setting
by monetary authority). A more sensitive approach over time could examine
what operational changes would affect the movement in these index values and
observe their effect on performance. Furthermore this approach could be used
to refine and re-define the other, previously discussed, indexes and their
threshold values.
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Other indexes that build upon the body of work on understanding
virtualness and leverage understanding gained from analysis of the internal
operations of Global CyberBridges are suggested and incorporated in the
sample dashboard in Figure 5-1:
1. Internet bandwidth use per student: this could describe a macroperspective of aggregate volume of communication. Looking at the
gross amount of data processed per student might lead to an
understanding of virtual work and data filtering and prioritizing.
2. Blog posts per student: understanding whether there is a rate of
asynchronous communication and community learning that can
foster performance would benefit Global CyberBridges and help to
focus efforts on the behaviors that contribute most.
3. Volume of emails originating from students to members of faculty:
Global CyberBridges-distributed operations could benefit from
understanding the autonomy of students and the need for
encouraging dialogue (by pinging from faculty to students).
4. Time spent co-located versus time spent apart (distributed) per
student: understanding the impact of time co-located on virtual
collaborative performance would help Global CyberBridges allocate
travel funds and design engagements that aligned with
performance.
5. Hours of travel for students between operational centers per trip
taken by students: examining human resource overheads associated
with the virtual structure of Global CyberBridges could contribute
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to the understanding of how to develop the operational design to
reduce non-contributing efforts.
6. Videoconference requests for the project, per day spent in the
project: this index is not novel to Global CyberBridges, as it is
something already reported today, but linking and tracking it
relative to performance would provide feedback on what the ideal
level should be.
7. Incidents of faculty-initiated synchronous communication resulting
from student-initiated asynchronous communication per faculty
member: Global CyberBridges could measure the escalation of
student–faculty inquiries as part of understanding performance
under the How People Learn model. Tracking the threshold of virtual
work that subsequently leads students to ask questions would help
Global CyberBridges understand the personnel infrastructure
needed for best performance.
8. Requests for distributed resources or incidence of resources being
made available: Global CyberBridges’ challenge of operating
globally is exacerbated by the need for distributed resources, such
as time on shared computational facilities or use of distributed
visualization resources. Both the engagement of other virtual
resources and their availability are indexes that could help to
understand whether Global CyberBridges is effective in partnering
beyond the project’s operations.
9. Mean time for student response to asynchronous faculty
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communication per student: the driving engine of Global
CyberBridges is student learning and participation in research. This
index would look at how engaged students were, and could
provide a means to suggest design of engagement that would lead
to enhanced performance. This index offers Global CyberBridges an
insight into how well it motivates the students and how they
respond through the examination of a component of virtual work.
10. Volume of shared materials archives per discrete internal or
external query of the archives: understanding the degree of shared
knowledge that is created and then used is a way for Global
CyberBridges to track internal knowledge momentum and sharing.
To see how the community builds and uses shared knowledge
formally, and how that relates to performance, would provide
Global CyberBridges with insight into operations. The latter could
even be used as a basis for continuing or expanding work. Having
an electronic knowledge base, and being able to show how it has
contributed to performance in the past, could lead to the logical
argument that starting a project with an established knowledge
base would result in higher performance than starting without one.
11. Number of similarly addressed multi-party emails as a proportion
of total project-related emails: Global CyberBridges could benefit
from understanding the creation of dynamic sub-networks within
the cohorts, allowing an understanding of whether the students
were effectively leveraging one another, and whether that
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contributed to performance. The decision of how a team would best
address a particular project, whether by a team of whatever size
and skills or by an individual, was left to the student fellows in
Global CyberBridges. Understanding the impact of sub-networks
and cohorts on performance would allow Global CyberBridges to
structure effective solo or team efforts.
12. Faculty plans for travel time versus distributed collaboration time:
understanding the threshold at which Global CyberBridges faculty
decided it was necessary for co-location in comparison to the
amount of virtual work and its relationship to performance would
help Global CyberBridges engage and support faculty. This would
also help to understand when faculty members identify
unarticulated opportunities to improve effectiveness. Furthermore,
this index would help Global CyberBridges to understand the limits
of virtual work in contributing to performance.
These twelve potential indexes of virtualness in a scholarly context
represent examples of the way by which the index framework can be refined
and applied to research work beyond Global CyberBridges. These indexes were
not tested in this research, but the framework that supports further refinement
was. The framework illustrates that indexes of virtual work and can show an
association with measures of performance. Without this basis of a functioning
framework the justification for a quantifying framework would be weak, as
there would be no guarantee that it would lead to an association with
performance that could have an association with performance. The twelve
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suggested indexes for Global CyberBridges are merely a subset of the possible,
and are not presented as a definitive set for further research on scholarly work,
but as an example of what is possible.
The use of the framework with facilitating software such as a dashboard,
coordinating different data sources into a condensed view, can support a
community that shares both indexes and threshold values. For example,
researchers attempting a project that they deem similar to Global CyberBridges
could model indexes based on what Global CyberBridges shared, and further
use the threshold values that Global CyberBridges found associated with
performance as benchmarks to structure the new effort’s organization. Over
time projects could refine the understanding of indexes and thresholds to
provide a means to communicate effective virtual efforts in concrete, replicable
terms. Similar projects could share similar indexes and performance metrics
developed in particular fields, and pass on the corresponding threshold values
for those aspects of virtual work. In this community design, the shared
thresholds would influence the operations, with the performance metrics as a
system check for validating and fine-tuning the values.

5.5 Index Impact on Academic Work
The dashboard concept as described above has both design and operational
challenges, but as a method it may help the study of virtual work to evolve to a
data-driven scientific research space.
The design challenge arises from the fact that the performance metrics of
publications and cohorts need significant lead times in order to take effect.
While the indexes record the ongoing situation, the time needed to create and
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review a publication leaves a long period during which performance data
remains unchanged. The ebb and flow of cohorts on the project has a smaller
lead-time, but still there is a gap between the time when a student is recruited
and when that student confirms participation. This delay between performance
outcomes is not dissimilar to the case of firms announcing results quarterly or
examining performance on an annual basis; but in the case of Global
CyberBridges, and for that matter, for any research and operations whose main
motivation is refining virtual work, the performance data could arrive too late.
The rate of publication could decrease because of, say, a disorder in virtual
operations, and this might not be known until too late. This is similar to the
challenge with understanding corporate performance between quarterly or
annual reporting periods.
To remedy this, the performance metrics may need to be redefined to
encompass a more wide-ranging set of milestones leading up to publication or
the involvement of cohorts. This might look on intermediate stages, such as
hypothesis development, literature review, conduct of the research, data
analysis, peer review, drafting, faculty review, submission, and so on, as
signposts on the way to the final product. The challenge is to define the
performance metrics for Global CyberBridges and other academic research
projects in such a way that the assembly-line checklist approach to monitoring
performance does not hamper creativity or innovation. An argument could be
made that innovators will step outside whatever metric box has been created,
so that collection of metrics should not be a factor in designing the system. In
any case, observing and reporting abnormal as well as normal performance is
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valuable to the research domain under way and to the understanding of virtual
work. In corporate work understanding things like sales and costs separate
from ROE or Tobin’s Q would also provide a level of detail that could be
refined beyond the uniform, publically reported metrics.
The larger issue, performance data lagging behind observable changes in
indexes, can be resolved over time by academic development of best practices
through the creation of threshold values for similar projects. Just as the
threshold value from the index of operational dispersion offered insight into the
operational dispersion of Global CyberBridges, the post-project analysis and
development for Global CyberBridges of the observed relationships between
index values at a threshold and performance could be shared across the
academic community, and a notion could emerge of best practices conveyed
through threshold values. Given such an approach, lagging performance
indicators would be a less critical part of the ongoing operation but part of
annual or post-project analysis instead, and thus would contribute to the body
of understanding of the thresholds as well.
Most critically, the indexes discussed here for academic work attempt to
ascertain quality through quantity. Quantity and quality are not necessarily
guaranteed to be the same (Marginson, 2000). This is certainly not the concern
for firms (for example, greater ROE is qualitatively a positive) (Gale, 1972).
Application of the index to environments where qualitative assessment cannot
be made through quantitative means alone would need to be assessed in other
ways.
Operationally, the dashboard as described can be implemented as a
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custom piece of software. While a general core framework could be shared, the
indexes as described above would need to be tailored to the particular
environment in which they are deployed. Custom software has a challenging
history in the academic community, in terms of both the resources needed to
develop it and the real challenges in ongoing support (Weaver, Spratt, & Nair,
2008). While some domains, such as physics, have an integrated support system
and indeed a heritage of software development, this is not universally the case.
Furthermore, some of the indexes discussed above, for example those
based on the headers of email messages, may fall outside the generally accepted
academic norms of privacy. Academic privacy policies are evolving, and other
indexes such as those that look at the amount of bandwidth consumed by
students, once considered private, are now being recorded by universities to
address bandwidth management and acceptable use (Novak, 2008). In the case
of a defined project, setting a requirement for faculty, students, and staff to opt
into the data collection that drives the indexes is perhaps a method for
sidestepping existing university concerns about privacy. It is important to
reiterate here that the firms and Global CyberBridges were analyzed in this
thesis using only publicly available data; so while some of the indexes that are
proposed in Section 5.5 might violate a particular institution’s privacy policies,
they are not the only means to the end of indexing virtual work and examining
its association with performance.
The research and literature review discussed the idea that while
technology was understood to be important to virtual work, it was very much a
black and white matter. Either technology was present and virtual work was
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possible, or there was no technology and no virtual work. Shades of grey in
technology do not seem to have a real influence on performance, meaning that
if network infrastructure is pervasive and available, virtual work can be
successful. While a lack of infrastructure precludes virtual work, availability
becomes a minimum threshold for virtual operations. This could be a recent
phenomenon, as the core tools of virtuality are nowadays embodied in every
personal computer, and expensive and elaborate systems are no longer required
to allow collaboration. While the expensive and elaborate systems still exist,
and were used by Global CyberBridges, this research, or for that matter any
found in the literature review, did not differentiate differences in performance
between independent system-based collaborative environments and those
based on personal computers.
Thus, while working virtually has a low threshold for technology,
observing and indexing virtual work has quite a high threshold. This is a
challenge outside the software space, as designing, documenting, and recording
data is complex. The design, deployment, and support of a custom software
application to operate as a dashboard integrating the monitoring of indexes
against thresholds and performance would add a significant overhead to each
project. The proposed benefit, which could outweigh the cost, is increased
performance. While this increase in performance could be quantifiably justified
in the corporate environment by a statement such as “the software
development will cost X and it allows us to increase ROE by 1%, and 1% of ROE
has a value of 1000 times X “, this does not work as easily in the academic
environment. For the large part, costs are fixed, and incremental income for
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projects comes from a set of established and constrained resources.
Consequently, there is no easy financial formula that can justify this investment
in academia.
The benefit to academia will need to involve a financial remedy to an
existing challenge. Broadly speaking, such challenges typically include the
recruitment of capable and contributing students, providing space for them to
work, and having faculty members to engage them. Universities are today
employing tools to convey operational performance metrics (Erne, 2007;
Grewal, Dearden, & Llilien, 2008), but this is distinctly different from
understanding the impact of virtual work on performance. The dashboard
investment described here would be a means of understanding the
effectiveness, and ultimately the contribution, of a virtual student and faculty
team towards research and the research publications that are a current metric
for academic accreditation. This benefit may be persuasive enough; however,
while a compelling formula exists for corporate investment, the academic
justification (outside of sponsored projects with sponsor directed assessment
methodologies) would need to show an operational benefit in order to attract
sustained investment (Akerlind, 2008).
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6 Discussion
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6.1

Overview of the Chapter

The discussion in this chapter takes the form of responses to questions posed by
the author, a format that allows for examination of perceived uncertainty in
areas of research methodology and results, as well as potential threats to
validity. While not intended to be an exhaustive list of questions that might
arise from the research, it addresses major themes.
6.2

Why not use Interviews and/or Surveys to Examine Further Impacts of
Virtual Work on the Performance of Firms?

The methodology used was intended to look for externally observable evidence
of virtual work. This approach had the advantage of being not very susceptible
to inconsistent measurements and biased reporting; besides, the principal
concern of this research was the investigation of a relationship between virtual
work and performance as a new assessment paradigm, rather than refining an
understanding of aspects of virtual work.
The need for consistency in measuring virtual work is critical in examining
its relationship with performance. While interviews and surveys could offer a
consistent method for collecting data on the investigator’s side, they do not
ensure consistent reporting by the subject. These approaches were examined
during pre‐research design and ruled out, because of possible statistical bias in
response rates (Tomaskovic‐Devey, Leiter, & Thompson, 1994) and the need to
adjust for unobserved variables in interviews or survey responses (Ping, 2004),
each of which would have distracted from the pursuit of a framework rather
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than contributed to the research.
Reporter bias in the examination of virtual work has been explored in the
literature in the past (Hill, Miller, Weiner, & Colihan, 1998; Raghuram, Garud,
Wiesenfeld, & Gupta, 2001). In the case of this research, there was no reason to
believe that it would not be a serious challenge in an interview or survey
approach, especially since the focus of interest was on organizational
performance rather than staff satisfaction.
The principal concern of this investigation was to discover whether
linkages could be established between virtual work and performance. The
challenge was to determine whether or not observable changes in virtual work
had measurable and predictable impacts on performance. To do this, a
representative sampling of virtual work elements was made, derived from the
literature but representing neither an exhaustive list nor a comprehensive
examination of any single aspect. Both broader and more detailed examinations
may be of interest in the future, but given that this research was concerned with
finding whether any element of virtual work has an observable effect on
performance, the approach taken here was appropriate.
6.3

What are the Advantages and Disadvantages in Using Data from Public
Firms to Establish Thresholds?

Public firms offer advantages over private and not‐for‐profit firms in that their
performance data is uniform and consistently available, represents a clear goal
in operations, and is of the broadest possible applicability. The disadvantages
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are that the results are subject to external (market) forces and that their
operational principles have a fundamental influence on performance.
Public firms adhere to differing sets of accounting standards (Whittington,
2000), but the extrapolated global listings of international firms provide a
uniform result across the various exchanges. Such was the case with the data
used (Mergent, 2007) so that the net result was uniform data for global firms.
In addition, public firms had consistent available data because the format
requirements for listing on public exchanges lead to consistent reporting. As a
result, public firms provide negative or positive data covering a uniform set of
criteria; this was advantageous to this research.
Public firms may have external public ownership that differentiates them
from private firms; their operation, while it may take different approaches, is
aimed at generating wealth for their owners (Cyert & March, 1992), meaning
that financial performance metrics, such as ROE and approximations of Tobin’s
Q, reflect the operational goals of the firm in some measure. This is not always
the case for not‐for‐profits, nor is it uniformly assumed for private firms
(Boardman & Vining, 1989).
While precise global data covering a breakdown of private, not‐for‐profit
and public firms is not available, a 1999 John Hopkins study of a sampling of
countries found that no more than 30% of firms belonged to the combined
categories of private and not‐for‐profit (Salamon, Sokolowski, & List, 1999).
Thus the majority of firms can be assumed to be public, so that according to this
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perspective, the research approach engaged the largest possible scope for
studying virtual work.
However there are shortcomings to the approach of using data from
public companies. Significantly, the results of public companies are influenced
by market conditions (Richardson, Kane, & Lobingier, 1998). During this
particular study, global contractions could have had an uneven effect on firms’
performance and on the reporting of performance (Hetzel, 2009).
Furthermore the definitions of externally available markets are quite
crude. Instead of understanding the human resources challenge in a particular
industry it is necessary to examine the relative rates of unemployment; instead
of understanding business internet infrastructure the more common metric of
general internet access needed to be used. These crude techniques were
employed as a means to validate the framework. As was addressed in question
6.2, the framework is the novel and necessary component to be validated in
order to support more refined future research.
There is an inherent business cycle to be observed in public firms,
although not all business plans are good ones, nor all markets feasible. The
examination of the relationship between virtual work and performance
inevitably also samples firms that are cycling out of business (Jovanovic &
MacDonald, 1994). While the sampling techniques submerge this in noise, it is a
different space altogether compared with the operations of firms that are not
dependent on financial assessment.
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6.4

Why Examine Just One Year of a Firm’s Activities Rather than a Series
of Years?

The intention of this research was to ascertain whether virtual work could be
indexed, and whether threshold values of these indexes would describe likely
performance outcomes. Looking at the data, it was possible to distinguish
between firms based on both performance and virtualness, and to identify
threshold values, which examined over a single year were shown to have a
relationship with performance. The research design was concerned with
indexing virtual work, as called for in the literature (Cummings, et al., 2008)
rather than focusing on performance. A multi‐year approach would certainly
add evidence about the reliability (or lack thereof) of threshold values in
predicting performance, but it lies outside the scope of this research.
The intention of this research was to find means of quantifying virtual
work, so as to allow the design and assessment of virtual work systems in
operations. Performance was quantified by ROE and approximate Tobin’s Q.
An examination of similar indexes from the beginning of the virtual age would
certainly be interesting, but would not contribute further than these findings to
the notion than virtual work can be indexed, and that the index can be
understood in terms of performance.
6.5

Why Apply Thresholds Established in the For-profit World to Scholarly
Activities?

Chapter 5 of this thesis used the threshold values researched for public firms
and attempted to apply them to the CyberBridges and Global CyberBridges
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academic research projects. Threshold values were ascertained by examining
the relationships of virtual work to firm performance. Chapter 5 uses non‐
monetary performance measures. This approach was designed to demonstrate
that the indexes and thresholds ascertained in Chapter 4 have broader utility,
and that the underlying concept has broader applicability (for example in the
not‐for‐profit realm) even if the relationships between indexes, thresholds and
performance were derived from an analysis of for‐profit firms.
Distillation of indexes from the literature into formulas dealing with
operations in the marketplace for individual corporations is discussed in the
methods chapter (Chapter 3). Reference to prior research, in terms of the
applicability of the indexes to commercial firms, is made, capturing concrete
measures of behavior as values. Chapter 5 also postulates more appropriate or
specific indexes for academic work. There could be, moreover, more indexes or
other performance metrics for virtual work in for‐profit firms. These are all
exciting opportunities for further research; the current research sought to begin
the wider study by discovering whether or not it might be at all possible to
index virtual work so as to understand its impact on performance.
The ratios developed are not aimed specifically at scholarly activities.
Chapter 5 uses the CyberBridges case study to begin to examine the
applicability of the threshold values to scholarly activities.
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6.6

Is One Case Study Enough to Draw Conclusions about the Applicability
of an Index of Virtual Work in Academic Research?

Chapter 5 begins the discussion of the applicability of an index to threshold
values in one case study, and concludes that indexing virtual work with
academic performance can be done, but that a single case study is not enough to
validate the applicability of commercial threshold values.
The chapter compares virtual and non‐virtual versions of the same project,
and examines appropriate performance metrics against the means developed
for indexing virtual work. In these two cases, the results of the commercial
evaluation were used as the basis for analysis in an academic setting. The
results illustrate that the process of indexing virtual work and establishing
performance metrics is feasible in academic projects. The case study is not a
significant sample in terms of size, rather a single test of the previously derived
relationships. The fundamental question is whether or not virtual work can be
shown to have a relationship with performance. The case study demonstrates
that academic research can be evaluated using the same framework as for‐profit
activities. Despite its limited perspective, this single case study does
demonstrate broader applicability, academic research included.
The (virtual work and performance) relationships can be widely
extrapolated; the threshold values are not logically linear products of cause and
effect, but rather specific metrics for the performance range under examination.
While the case study demonstrates the ways in which for‐profit threshold
values can be compared to those for academic virtual work (and there certainly
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could be commonalities), these comparisons are merely illustrations of the
technique, not reference values in themselves. This research establishes that
indexing of this sort contributes to understanding, and postulates that other
indexes or calculated thresholds would need further research so as to refine and
extend this understanding.
6.7

Can the Thresholds be Used in a Predictive Way, or are They More
Effectively Used Descriptively?

The threshold values for most of the indexes were found to distinguish
reasonably well between firms on the basis of performance measured by ROE,
hence in that context they are associative. They were not found to be associated
with approximate Tobin’s Q. The study of Global CyberBridges was indicative
rather than completely analytical. So the threshold values are in a general sense
best used descriptively, and moreover should evolve, as described in the
dashboard discussion in Chapter 5, into a directional indicator, rather than an
absolute measure.
The threshold values were nonetheless predictive for most indexes, in the
sense that values above the threshold were likely to correspond to a firm with
desirable performance, while those below the threshold were likely to
correspond to a firm with a less than desirable ROE. If a firm had an index
value above the threshold, it was more likely that it would have a desirable
ROE.
The possibility that the threshold values were predictive was not tested for
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academic work. The one case study did demonstrate descriptive applicability,
and did show limited evidence that certain values may be predictive. But this
was not conclusive nor was the case study designed to be predictive. As a
descriptive tool for examining virtual work, the thresholds show that a certain
range of virtualness that appears to be associated with desirable performance
exists. Thus while the threshold values are not precise, the framework
illustrates that such values can be determined, and used to guide operations.
The dashboard discussion in Chapter 5 illustrates the descriptive nature of the
established thresholds, and discusses the development of detailed predictive
indexes whereby the operations can be fine‐tuned using index threshold ranges
so as to trend towards enhanced performance.
6.8

Why Examine the Elements of Virtual Work Separately, rather than as
Elements of a Larger Single index?

This research looked at individual elements and performance. Performance is a
function of a large number of elements and even external factors; this is a well‐
researched field (Maltz, Shenhar, & Reilly, 2003; Pfeffer & Salancik, 1978). The
goal of this research was simply to see whether virtual work could be measured
against performance – certainly there are also multiple elements of virtual
work.
This research distilled a number of elements from the literature and
proposed inclusive and exclusive examination of these within markets. At no
time did this research suggest that the set of indexes proposed were all‐
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inclusive, but instead that they merely represented some of the most likely
elements.
A larger single index could represent all the elements of virtual work, or
some of them, or none of them. Furthermore, a single predictive equation
would be susceptible to error from the influence of many non‐virtual factors
that influence performance. However, ultimately, aspects of virtual work are
interdependent and will have associations. The Pearson correlation values for
the indexes are presented in table 6.1 below.
Table 6-1 Pearson Correlations for Indexes
Technical Infrastructure

(inclusive)
Technical Infrastructure

(inclusive)

Employment (exclusive)

Employment (inclusive)

Currencies

Time Zones

Languages

Operational Dispersion

(inclusive)

Operational Dispersion

(exclusive)

Indexes

Pearson’s Correlations
Operational Dispersion

1.00

.96

-.36

-.35

-.37

-.17

-.10

-.13

-1.2

.96

1.00

-.4

-3.8

-.40

-.16

-.11

-.13

-.08

Languages

-.36

-.40

1.00

.81

.82

.134

.11

-.03

.06

Time Zones

-.35

-.38

.81

1.00

.72

.16

.18

.01

-.04

Currencies

-.37

-.40

.82

.72

1.00

.11

.13

-.15

-.08

Employment (inclusive)

-.17

-.16

.13

.16

.11

1.00

.96

.19

.15

Employment (exclusive)

-.13

-.11

.11

.18

.13

.96

1.00

.19

.07

-.13

-.13

-.03

.01

-.15

.19

.191

1.00

.88

-12

-.08

.06

-.04

-.08

.15

.072

.88

1.00

(exclusive)
Operational Dispersion
(inclusive)

Technical Infrastructure
(inclusive)
Technical Infrastructure
(exclusive)
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The exclusive and inclusive interpretations were highly correlated, as
were currencies, time zones and languages. Empirically these different indexes
were not needed. Operationally they all represent different activities of being
virtual, even if the measuring of these activities is highly correlated. When
researching future virtual work indexes there is an opportunity to greatly
simplify the data. However operationally there will still be a need to track the
elements of virtual work in a manageable way. This manageable way could be
through many other indexes or a summary index.
While future research might develop a comprehensive list of virtual work
elements, such an approach is outside the scope of this exercise. To represent
only some elements of virtual work, a larger index would act as a sum of sub‐
indexes; for example, indexes of languages, currency and time zones could be
aggregated, but it would be difficult to interpret such a value or decide how to
take action on the basis of it, as the numeric scales of each of these indexes are
distinct. As this research was not concerned with the amplifying effects or
interdependencies, but rather development and testing of a framework for
indexing elements for virtual work and performance, the examination of
cumulative amplifying effects will need to be undertaken in the future.
6.9

Did choosing ROE in setting thresholds result in a lack of association
with Tobin’s Q and thresholds?

Ultimately the difference between approximate Tobin’s Q and ROE is that
Tobin’s Q reflects more of the market perception of a firm, and ROE more of an
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accounting measure. Both have some overlap, but the principle difference is the
public evaluation in the market. For 12% of the sample firms the classifications
of ROE and Tobin’s Q were significantly different. However ROE was assessed
at better than zero when dividing the indexes in to non‐performing and
performing sets, while Tobin’s Q used the mean value as a performance
threshold.
All of the thresholds were established by using the ROE equal to or less
than zero. These thresholds were then used to examine the relationship of the
indexes with ROE and Tobin’s Q. The cake had to be sliced somewhere to
establish a threshold, and ROE offered an approach that was less influenced by
external factors, and had a low threshold: did the organization have a zero or
better ROE. A test was undertaken attempting to use the mean Tobin’s Q value
to establish thresholds for three of the indexes, and in those cases no
meaningful association was observed with either ROE or Tobin’s Q.
6.10 Why was there no association with the index of employment?
Human resources are an important component of virtual work. However, they
are a very difficult space to measure consistently across firms using publically
available data. It was hoped that workforce skill could be included in the index,
but the degree of skilled labor each firm needed varied without a consistent
scale.
Ultimately a coarse measure was used which examined the rates of
unemployment in the countries of operation and the markets. This helped to
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understand a big picture relatively easily. Are more people out of work in one
country or another, and what can thus be inferred about the labor market in
general? National unemployment rates represent a wide range of issues some
of which directly concern virtual work.
However, 2007 was the start of a nearly global recession. The relative rates
of unemployment are a lagging indicator when addressing performance. Before
human resources are trimmed, they stop being added. This was the concern in
2007 (Quintos, 2008). The lack of association may have been due both to the
constraints in designing a publically observable index, and the circumstance of
employment in 2007.
6.11 What type of organization can the model be applied to?
The model examines virtual work and performance. At a minimum an
organization needs to behave in a manner that performance can be assessed and
there needs to be a way to measure the presence or absence of virtual work.
These two aspects are not uniformly possible in all organizations, and
particularly is difficult when there is not an agreed upon metric for success. The
model does not work with conflicting measures of success‐ for example one
part of the organization assessing itself on how many tasks are accomplished,
while another part assesses how many tasks are undertaken. The model does
support multiple assessment metrics (such as the examination of ROE and
Tobin’s Q) but the organization needs to be “working” towards the goals. For
example, the organization wanted an increase in the task undertaken and a
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corresponding increase in the volume of tasks accomplished.
The model is first evaluated by comparing standard performance metrics
and by using indexes of virtualness to measure the virtual work for the random
sample of firms as it applies to those firm’s markets. Later these indexes are
adapted to examine the academic projects Cyberbridges/Global Cyberbridges.
The data set from which the random sample was taken includes all publically
traded companies listed on exchanges throughout the world. The nature of this
data set means that only a fraction of firms are included. And the firms that are
included must operate at a sufficient scale to justify the reporting overheads
required of publically listed firms. This presents a double‐edge sword in that
the research needed firms with publically available information, but those firms
are then by the nature of the requirements to make data public, not necessarily
indicative of all organizations. With this in mind, the indexes were structured to
divide operations by market, thus controlling for size differences amongst
firms.
It is this same dichotomy that resulted in a representative yet narrow set
of indexes examining virtual work for these publically traded firms. The set
chosen was represented in the literature, and observable through formally filed
reports. The indexes were a measure of virtual work for the context of the
Mergent database of firms.
In expanding the applicability of the model, the measurement of virtual
work can also be tailored. The indexes examined work efforts in relation to a
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marketplace. For many organizations with a finite marketplace, this same
method will work. This was examined in evolving the index construct to
understand the virtual work of Cyberbridges and Global Cyberbridges
(constructed of multiple autonomous organizations). The marketplace in this
context was defined as the organization itself.
Some market definitions are not possible, potentially indefinable or
difficult to measure. One example is an organization that considers anyone with
an Internet connection a customer for its media products. Such an organization
has distributed work‐ such as processing payments in local currencies,
addressing service concerns across time zones, and dealing with localized
language versions of media, as well as technology imbalances with customers.
In such an organization examining virtual work through an index of dispersion
may not make sense‐ the organization may not be dispersed while the market
place very much is. In such cases examining virtual work alone, outside of the
context of the marketplace may be possible with internal data, and would still
benefit from the model of comparing virtual work to performance.
Furthermore, wholly digital organizations may need a completely
different set of indexes to examine factors such as network distance, bandwidth
consumption etc. The model needs a means to look at virtual work, and
compare to performance and through this comparison detail any threshold
values that can be used to guide operations. Just as the special indexes were
derived for academic work in chapter 5, more indexes can be constructed for
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wholly network centric organizations and markets.
1.11 Why are advanced uses of technology not captured in the metrics?
Advanced technology could be a factor in influencing the impact of virtual work on
performance. In order to measure such an impact a methodology is needed to
support such assessments. This thesis is a first step towards such a methodology.
The research design used information that was publically accessible and consistent
across a large body of work. Future inquiries can build on this research and
examine the impact on performance of other aspects of virtual work, such as
advanced technology, personnel training, and workflow design, using data derived
from internal organizational services.
6.12 How can the framework be used to guide operations?
The framework can be used in the planning, execution and ongoing assessment
of virtual work. Understanding the impact virtual work has on performance
can guide when and how virtual work should be employed. While the indexes
chosen in this thesis were guided by the literature, they were filtered by what
information was publically available. However, even these indexes can help
guide operations.
For example:

Index of operational dispersion: A firm can evaluate the dispersion of its
market, and the dispersion of its staff. It can examine the relationship of
the index of operational dispersion with performance. The firm can then
decide to reduce the market of interest, or increase the size of staff or the
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dispersion of staff all to improve performance. When deciding to
undertake virtual work, both choice of the market, and the design of
virtual work can be done with an understanding of the impact on
performance.

Index of Languages: When deciding to undertake virtual work a firm can
observe the ratio of market languages to current languages and the
relationship with ROE. Then by comparing this to the threshold value, the
firm can adjust one of the elements (staff languages or market languages)
to move toward the threshold value.

Index of Time Zones: The threshold value for index of time zones was
found to be 1. If in creating a new business, six markets in four time zones
are identified, using the threshold a virtual work operation can be
designed to have operations in four time zones, recognizing that this
structure has an association with positive ROE.

Index of Currencies: If a firm is interested in undertaking virtual work,
and is deciding where to locate the staff, the index of currencies threshold
value might help decide whether to locate the staff within a common
currency arrangement or not.
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Index of Technology: When assessing the possibility for virtual work this
index reveals the understanding that the operating technical infrastructure
in respect to the market could be a design element in determining where
to focus a market and operations.
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7 Conclusion
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This research responded to a call from the academic community to understand
the impact of virtual work. The community that made the call had a wide range
of interests, from understanding the impact of grid initiatives, other distributed
or cloud computing efforts, to understanding the social sciences of virtual work.
This diverse community needed a means to understand how the elements that
they were working so hard on were affecting the whole. The framework created
here is a means. The model supports heterogeneous efforts and spans the
commercial and academic spaces by integrating indexes of performance that
examine virtual work in the context of what the effort hopes to address
(market) and the organizational performance metrics.
The understanding that virtual work needed to be measured was
articulated. None of the calls envisioned using public firms’ performance and
externally visible virtual work efforts as a litmus test. However no specific
litmus test was envisioned. Without first understanding if there were an
observable relationship between virtual work and performance, a research
means to investigating causality would not exist. Using public firms to develop
the framework was not the only approach possible. But public firms’
performance and markets are transparent and reported uniformly. Academia
offers more transparency to its operations, but less uniform and open access to
performance metrics. The framework was thus first validated with public firms,
and then examined in academia. The net result is structure that passes the
litmus test of association, and through continued research and sharing can lead
to refinements in both measurements and predictions.
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Going forward the framework provides for deeper theoretical research,
but also a means for the community to rapidly share best practices. The indexes
developed offer a vocabulary for conveying the structure of virtual work
efforts. It is envisioned that as indexes evolve in academia through dashboard
applications, specific values for elements of virtual work will also evolve. These
thresholds can then be shared. The effective structuring of virtual work that is
today lost between efforts will have a means to propagate and be refined within
and among the community.
Previous to this research, new initiatives for improving aspects of virtual
work were examined against efforts in the virtual work domain, or undertaken
by organizations in the ‘hope’ that it would contribute to performance. This
earlier research was unable to demonstrate a relationship between
organizational performance and virtual work, which was employed tactically.
The context for a strategy encompassing both organizational performance and
virtual work did not exist. While the nature of the challenges may seem clear to
those involved in them, and the organizational strategies clear to those who
author them, integration was not implicit in the design. Organizations have
begun sharing metrics they judged the organization by with their members
(Chhinzer & Ghatehord, 2009). In academia this notion of each person’s
contribution to the assessment criteria used by others (be they press or
government) is in some places quantified by software (Harnad, 2009). The
result is that individuals understand what organizations judge them by, but the
organization does not understand what work is effective in influencing these
metrics. For example, an organization might judge itself by the number of
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refereed journal articles published by its members. It might rank people by
degrees of success, and make personnel decisions based on this data. The data
would not, however, show how the people worked, and what collaborations
and interdependencies were related to organizational performance.
There is an observed relationship between virtual work and
organizational performance. Ignoring the structure of virtual work when
examining organizational performance is a pursuit of results without
understanding the inputs, just as refining virtual work without a framework
linking to performance is a pursuit of process, not of ends.
Ultimately neither virtual work nor performance has an end, only a
spectrum. Virtualness is the ongoing work and operational process. Measured
with a start and an end date, there is a period of virtualization. Similarly, the
metrics by which an organization judges its performance are often framed by
fiscal or academic calendar years, but between these starts and ends is an
ongoing evolution. This continuous evolution illustrates the need to utilize a
framework that can underpin an understanding of the inter-relationship
between work – both virtual and not – and performance.
The framework developed in this thesis is a test-bed for examining new
ideas; it offers a mechanism for organizational assessment before, after and
during a transformation:



Quantitative guidance through a transformation project allows the
benefits of virtualization to be understood as they are happening, and
to understand their contribution to the success of the effort.
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Indexes of virtual work may be tailored to describe internal operations
(that are not externally observable) and assess them as performance
metrics. This research examined a set of public firms and a research
venture; the framework is applicable to any venture that introduces or
uses virtual work and has performance goals.



Organizations and researchers will be able to use the results of the
current research to construct these or other indexes for themselves to
support the measurement of relationships between elements of virtual
work and performance.

Extending this research further will allow for evolutionary construction of
virtual work as a response to its impacts on performance. While this framework
was established by examining whether differing amounts of different sorts of
virtual work had a relationship to performance, subsequent research can use
the framework to redesign the constructs of the virtual work efforts themselves,
informed by the impact on performance. For example, the framework might
illustrate via threshold values that having operations distributed no more than
500 miles from the market might lead to higher performance, thus influencing
where firms locate operations. Furthermore, by better understanding the
organizational benefits associated with the implementation of virtual work
theories, the research community will benefit from a mechanism to convey its
financial benefits, aiding in the justification of resources for experimentation.
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The articulation of the need for an index of virtualness developed in the
context of a research workshop, where investigators had a chance to examine
the typical process of work and discuss current thinking. The dialogue
represented a non-virtual, co-located event; one where the participants were all
in the same room. The frustrations of not being able to measure the benefits of
virtual work were insurmountable frustrations, because it was impossible to
specify without a framework to describe the challenges of virtual work and
performance. This thesis has responded to the call. The challenge is addressed
and the result is a scientific understanding of the relationship of virtualness to
performance.
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A.1 Introduction
This appendix illustrates how index values were calculated for a randomly
selected sample firm, Internet Initiative Japan, Inc (IIJI:NMS) as it was in
August 2007. The final values used are detailed in Table A-1.
Table A-1 Example Index Values
Section

Category

Firm Value

Market Value

Index
Value

A.2

Performance: ROE

0.23

A.3

Performance: Tobin’s Q

1.96

A.4

Operational Dispersion

25,278

2943.28

.11

25,278

8703

.34

(exclusive)
A.5

Operational Dispersion
(inclusive)

A.6

Languages

3

5

2

A.7

Time Zones

12

12

1

A.8

Currencies

2

7

3.5

A.9

Employment (exclusive)

5.04

3.09

0.61

A.10

Employment (inclusive)

5.04

5.84

1.15

A.11

Technology (exclusive)

74.06

53.51

0.72

A.12

Technology (inclusive)

74.06

28.04

0.38
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A.2 ROE
Mergent Online provides ROE without the need for further computation.

A.3 Tobin’s Q
Approximate Tobin’s Q was calculated as:

q(approx) 

MVE  PS  DEBT
TA

The values in Table A-2 were provided by Mergent’s summary of annual
reports.
Table A-2 Example Tobin’s Q Data
Category

Variable

Value (USD)

Stockholders

MVE

206,478

Share Price

MVE

$9.72

PS

$ 250,651,728

Total Liabilities

Debt

$ 308,257,035

Current Assets

TA

$ 285,819,369

Shareholder’s Equity

MVE was calculated as Stockholders by Share Price.

A.4 Operational Dispersion (exclusive)
The Mergent Online database provided the list of subsidiaries. The addresses of
the headquarters and subsidiaries were obtained from Internet searches, and
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the distance in kilometers measured via the great circle method was obtained
using GreatCircle Maps software (http://www.qsl.net/sm3gsj/). The locations,
distances from headquarters (HQ) and sum of distances are presented in Table
A-3.
Table A-3 Example ROE Data
Firm

Operational location

Distance to
HQ (km)

IIJI

Headquarters: Jinbocho Mitsui Bldg., 1-105 Kanda

-

Jinbo-cho, Chiyoda-ku, Tokyo, 101-0051, Japan
IIJ Technology Inc.

Chiyoda-ku, Japan

0

IIJ Media

Chiyoda-ku, Japan

0

Communications Inc.
IIJ America Inc.

New York, USA

10,854.15

Net Care, Inc.

Philadelphia, PA, USA

10,872.35

Asia Internet Holding

Bangkok, Thailand

2,855.10

Internet Multifeed Co.

Chiyoda-ku, Japan

0

atom Co., Ltd.

Hiroshima, Japan

Co. Ltd.

696
Total:

25,278

For IIJI, the market is defined in the Table A-4. The exclusive market
definition uses the firm’s nation defined trading relationships as provided by
the CIA World Factbook. Trading partner country’s imports as a percentage of
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the world market in the firm’s industry were obtained from the CIA World
Factbook (https://www.cia.gov/library/publications/the-world-factbook/).

Table A-4 Example Operational Dispersion Data
Market

Percentage

HQ to Capital

Country

of trade

Distance

Weighted distance (km)

US

20.4%

10,895

2222.58

China

15.3%

2,140

327.42

South Korea

7.6%

1,260

95.76

Taiwan

6.3%

2,182

137.47

Hong Kong

5.4%

2,964

160.06

Total:

2943.28

A.5 Operational Dispersion (inclusive)
The inclusive approach recognizes that 45% of the world market for IIJI’s
product is outside the countries the firm supplies. Distance for this residual
market is the great circle route value for the diameter of the Earth. This
approach is detailed in Table A-5.
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Table A-5 Example Market Dispersion Data (exclusive)
Market

Percentage

HQ to Capital

Weighted

Country

of trade

Distance

distance (km)

US

20.4%

10,895

2,223

China

15.3%

2,140

327

South Korea

7.6%

1,260

96

Taiwan

6.3%

2,182

137

Hong Kong

5.4%

2,964

160

Undefined

45%

12800

5,760

Total:

8,703

A.6 Languages
Operating languages (Japanese for domestic operations, English for United
States, and Thai for Bangkok) are counted as three. Market languages are set at
six for English, Japanese, Korean, Mandarin, Cantonese, and Taiwanese, as
established by the CIA World Factbook.

A.7 Time Zones
The maximum number of time zones between operational locations is 12 (the
maximum used for this research given bi-directionality), from Tokyo to New
York. Operations to markets also span 12 time zones.
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A.8 Currencies
Operating currencies are defined as the Japanese yen and US dollar (2).
Operations for IIJI in Thailand are in US dollars so no additional operating
currency is included for Thailand. Market currencies are Japanese yen, US
dollar, Chinese yuan (RMB), Korean won, Taiwanese dollar, and Hong Kong
dollar (6).

A.9 Employment (exclusive)
The operating level of unemployment in Japan, taken from the CIA World
Factbook, is 5.04%. The markets, weighted by trade percentages, are then
summed together for the market rate of unemployment. The exclusive
approach converts the submarket percentages to a basis of 100 so that the
undefined percentage is ignored until the inclusive case.

A.10 Employment (inclusive)
The inclusive definition uses a 2007 global average of 6.1% unemployment from
the CIA World Factbook for the undefined 45% of market. Table A-6 details the
approach.
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Table A-6 Example Market Dispersion Data (inclusive)
Market

Percentage

Local

Weighted

Country

of trade

Unemployment

Unemployment

US

20.4%

5.54

1.13

China

15.3%

5.48

0.84

South Korea

7.6%

5.84

0.44

Taiwan

6.3%

5.52

0.35

Hong Kong

5.4%

6.12

0.33

Undefined

45%

6.1

2.75

Total:

5.84

A.11 Technology (exclusive)
Technology (exclusive) compares the Internet access rates of the markets with
those of the operation. The Internet access rates are published by OECD
(Organization for Economic Co-operation and Development) Analytical Data
Base, January 2008 (OECD, 2007). The access rates for the operational areas are
averaged. The same weighted method for defined and undefined markets
described in A.9 is applied to determine the market values.

A.12 Technology (inclusive)
The 2007 global average Internet access of 23.8% is used to represent the
undefined markets in the inclusive approach. The methodology for using
market as defined as percentages and then averaged is used again, as in A.10.
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