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Abstract—Software development teams are increasingly global. Team members are separated by multiple boundaries such as

geographic location, time zone, culture, and organization, presenting substantial coordination challenges. Global software

development becomes even more challenging when user requirements change dynamically. However, little empirical research has

investigated how team dispersion across multiple boundaries and user requirements dynamism, which collectively increase task

environment complexity, influence team coordination and software development success in the global context. Further, we have a

limited understanding of how software process capabilities such as rigor, standardization, agility, and customizability mitigate the

negative effects of global team dispersion and user requirements dynamism. To address these important issues, we test a set of

relevant hypotheses using field survey data obtained from both project managers and stakeholders. Our results show that global team

dispersion and user requirements dynamism have a negative effect on coordination effectiveness. We find that the negative effect of

global team dispersion on coordination effectiveness decreases as process standardization increases and that the negative effect of

user requirements dynamism on coordination effectiveness decreases as process agility increases. We find that coordination

effectiveness has a positive effect on global software development success in terms of both process and product aspects.

Index Terms—Global boundaries, global software development, user requirements dynamism, software process capability, task

environment complexity, team coordination, team dispersion
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1 INTRODUCTION

SOFTWARE development has become much more geogra-
phically dispersed in recent years in part due to

globalization and outsourcing [1]. A recent Gartner report
[2] indicates that more than 90 percent of Fortune
500 companies use external resources for IT services
delivery and that 31 percent of IT spending by companies
in 2010 was on external services. One software engineer of
a large IT services company we interviewed said “It is
nearly impossible these days to find a software team that is
completely collocated.” However, globally dispersed soft-
ware teams may deal with special challenges as they are
often divided by multiple boundaries, such as geographic
location, time zones, culture, and organization [3], [4]. In
support of this view, an IBM report [5] stated “Going global
offers many benefits. However, distributed teams face more
challenges than collocated teams.” Carrying out software
development work across multiple global team boundaries
is difficult because of the substantial coordination chal-
lenges associated with bridging these boundaries to get the
work done. This problem is particularly severe in software
development because of the dynamic nature of user
requirements, which imposes the need to keep track of
and act upon frequent changes affecting the final software.

In this study, we argue that the need for more coordination
when user requirements change often, coupled with the
coordination barriers imposed by global team dispersion
across multiple boundaries, increase the task environment
complexity. While task complexity has been studied
extensively [6], [7], [8], [9], [10], [11], [12], the complexity
of the task environment has received little attention in the
literature [13], [14], [15]. In particular, we argue that because
software development involves highly dependent activities
[16], and because the essence of coordination is the
management of these dependencies [17], this additional
complexity in the task environment makes it more difficult
to coordinate software work effectively. While there are
many factors that can contribute to increased complexity in
the task environment, two are particularly important to
global software teams—team dispersion across global
boundaries and user requirements dynamism.

Global teams are dispersed across multiple boundaries,

which increases the amount of information that team

members need to consider when working with each other

[18]. Moreover, these team boundaries (e.g., distance, time,

cultural, and organizational) often coexist [3], [19], making

the effects of individual boundaries difficult to observe. For

example, some empirical studies of global teams have

investigated the effects of a single boundary such as

geographic distance [18], [20], [21], modeling it as a binary

variable (e.g., colocated versus distributed) or as the

number of locations, without controlling for effects of other

global boundaries. Similarly, studies of team coordination

across time zones have modeled time separation as a time

span difference or number of time zones [16]. In this study,
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we argue that it is not necessarily the presence of one or
more boundaries that makes a task environment complex
for coordination and collaboration, but how team members
are dispersed across various global boundaries. We argue
that coordination challenges are greater when members
need to cross more global boundaries to collaborate and
when members are more dispersed across these boundaries.
Conversely, coordination costs are expected to be lower
when more work can be done without crossing such
boundaries [3].

The other component of task environment complexity
results from user requirements dynamism in software
development [15]. User requirements are dynamic and
volatile when uncertainties are involved in understanding
the functional scope of a software system [22]. Software
development generally involves frequent requirements
changes. Studies have shown that around 25 percent of
the initial requirements change in medium-sized software
projects and over 35 percent in large-scale projects [23].
Thus, user requirements changes during the software
development life cycle are the norm, rather than the
exception and these changes are likely to be more salient
in a global development environment. We discuss these two
components of task environment complexity further in
Section 2.1.

While we argue that global boundary dispersion and
user requirements dynamism increase the complexity of the
software development environment and, therefore, nega-
tively influence coordination effectiveness, we also argue
that such detrimental effects can be mitigated by appro-
priate software process capabilities. Prior research suggests
that effective software processes contribute to software
development success [24]. A software process is defined as
a set of activities performed during the development of a
software system [25] and these activities involve interac-
tions among people, technology, methods, and procedures
[26]. Among different types of software process capabilities,
we identify rigor, standardization, agility, and customizability
as key capabilities for global software development from
the prior literature and our preliminary field interviews

[27]. Standardized and rigorous software processes may

offset some of the negative effects of team dispersion on

development performance, whereas ad hoc, ill-defined

processes may make software development fall into

disarray with increased dispersion. On the other hand,

agile and customizable software processes may help teams

cope with user requirements dynamism as such processes

can lower cost and shorten time in responding to user

change requests. To the best of our knowledge, these

moderating effects have not been investigated.
In sum, our research contributes to the software

engineering literature by studying the effect of software

development task environment complexity (rather than task

complexity) resulting from global team dispersion across

multiple boundaries and user requirements dynamism on

software development coordination effectiveness. Our re-

search also contributes by investigating the mitigating roles

of software process capabilities in coping with increased
task environment complexity. Consequently, our study

seeks to answer the following important questions, which

have not been adequately answered by prior research:

1. What are the effects of task environment complexity on
coordination effectiveness in global software develop-
ment? More specifically:

a. What are the effects of global team dispersion across
multiple boundaries?

b. What are the effects of user requirements dynamism?
2. What are the moderating effects of software process

capabilities—i.e., rigor, standardization, agility, and
customizability—on the effects of task environment
complexity on coordination effectiveness of global soft-
ware development?

2 THEORY AND HYPOTHESES

The research model and hypotheses for our study are

shown in Fig. 1. The hypotheses and their theoretical

background and underpinnings are presented in the

following sections.
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2.1 Task Environment Complexity

We distinguish between task complexity and task environ-
ment complexity. The former refers to the inherent
complexity of the task itself, regardless of the nature of
the collaboration environment in which the task is situated.
Task complexity in software development increases as the
number of task components (e.g., software modules) [28]
and their relatedness increase [29]. In contrast, task
environment complexity refers to the complexity of the
collaboration environment in which the task is situated,
regardless of the nature of the task itself. Task environ-
mental complexity in software development increases as the
development team is more geographically dispersed and
culturally diverse, and as user requirements change more
frequently. While task complexity increases the cognitive
demands on the team members who are performing the
tasks because they need to process more information cues to
get the job done [9], [12], it does not necessarily increase
coordination costs with other members. Conversely, higher
task environment complexity increases the number of
information cues that need to be processed to work with
other members on the task.

Coordination theory defines coordination as the “man-
agement of dependencies among task activities” [30]. Task
activities that are the responsibility of a single individual are
affected by the complexity of the task, but are not affected so
much by the complexity of the task environment and,
therefore, have very little impact on coordination effective-
ness. Conversely, interdependent task activities that are
assigned to more than one member will require coordina-
tion to manage these dependencies. Prior research has
studied software task complexity extensively [28], [29], [31],
but to the best of our knowledge, very few studies have
examined the complexity of the software task environment
[14], which is prevalent in global software teamwork. From
the complexity theory perspective, task environment com-
plexity comprises structural complexity and dynamic complex-
ity [15]. In the context of global software development, team
dispersion represents an important aspect of structural
complexity and user requirements dynamism represents an
important aspect of dynamic complexity.

2.2 Effect of Global Team Dispersion on
Coordination Effectiveness

Team members working in a software development project
are often separated by boundaries such as geographic
distance, time zone, culture, and organization [3]. We argue
that it is not so much the presence of a particular boundary
or the number of boundaries present that affect team
coordination effectiveness, but how members are distrib-
uted across these boundaries. Members of a team without
boundaries become easily familiar with their task context
and each other’s work routines because they interact with
each other frequently. But as team members are more
evenly distributed across locations, time zones, cultures,
and organizations, more boundaries need to be bridged to
manage their task dependencies. A team is more evenly
distributed across a boundary when its members are more
widely dispersed across that boundary. For example, a team
with five members in one site and seven members in the
other site is more evenly distributed across a geographic

boundary than a team with one member in one site and
eleven members in the other site, which results in more
coordination effort.

Dependencies among task activities can be pooled,
sequential, or reciprocal [32] and they can be coordinated
either mechanistically (i.e., by program or by plan, e.g.,
project schedules, plans, specifications, procedures, etc.) or
organically (i.e., by interacting and communicating, e.g.,
meetings, one-on-one discussions, etc.) [33], [34]. Further-
more, a substantial amount of organic coordination in
software development takes place informally through
spontaneous encounters [35]. The presence of a global
boundary of any type between any two team members
makes it more difficult to coordinate formally and less
likely for members to meet informally to coordinate [36]. So,
naturally, more dispersion across global boundaries makes
the task environment more complex because it increases the
number of boundaries that need to be bridged to collaborate
and the number of interdependent information cues that
team members need to process to carry out the task [3], [4],
[12], [37], [38]. Increased task dependencies across bound-
aries are associated with increased demands for coordina-
tion and communication effort [9]. For example, the
coordination challenges in a software development project
with four sites, three time zones, and two different cultures,
with members evenly distributed across them will be more
substantial than when members are concentrated in one
site, one time zone, and share the same culture and
organization affiliation. But this condition has not been
incorporated in the prior studies of global software teams.

This study utilizes and tests a multiboundary global team
dispersion measure in the context of global software
development. We conceptualize this measure from the
perspective of the structural complexity of the task environ-
ment, rather than based on single boundary measures.
While various global team boundaries have been discussed
in the literature, four of them have been consistently
suggested as most important in team research—geographic
location, time zone, culture, and organization [3], [4], [39],
which our field interviews also confirmed. Therefore, this
study focuses on these four boundaries.

Much attention has been paid to the effects of individual
boundaries in prior research [20], [21], [40], but we argue
that it is the simultaneous presence of multiple boundaries
that makes global software development more challenging.
Further, prior research has employed the number of
boundaries (e.g., number of time zones, number of
geographic locations, etc.) to measure the extent to which
a team is distributed [16], [37]. But we argue that it is the
distribution of members across these boundaries that
significantly impacts team coordination effectiveness [38].
Each boundary between any two members creates a
discontinuity between them, which increases the coordina-
tion costs incurred to bridge that boundary [41]. As team
members become more evenly dispersed across these
boundaries, the number of boundaries between members
increases, thus increasing the coordination challenges.
When a team is heavily concentrated in one location, time
zone, culture, or organization, even if multiple boundaries
exist in the team, it is relatively easy for the team to
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coordinate tasks because most of the work is carried out in
the same place, time zone, or organization, and thus, task
dependencies can be relatively easily managed [42]. Con-
versely, when a team is more evenly distributed across
boundaries, more members need to cross boundaries to
coordinate their task activities, which imposes additional
external constraints on member interactions, resulting in
communication delays and breakdowns, in turn affecting
task outcomes [35]. Therefore, we posit:

H1. More even distribution of team members across team
boundaries is associated with lower coordination effectiveness in
global software development.

2.3 Effect of User Requirements Dynamism on
Coordination Effectiveness

Prior research in requirements engineering has reported on
the inherent difficulties in defining user requirements due
to z communication gap between different groups of
stakeholders, and this problem is exacerbated when a team
is globally distributed and requirements dynamically
change [27], [43], [44]. Consistent with prior research [45],
we define user requirements dynamism as the rate of
change in user requirements for the software under
development. User requirements dynamism causes uncer-
tainty, ambiguity, and variability in a software develop-
ment project [15].

User requirements dynamism makes it important for
the software team to develop a good understanding of
changing user needs, assess the business impact of these
changes, evaluate technical feasibility, negotiate with users,
and modify the software system. All these activities require
substantial coordination among team members. The impact
of user requirements dynamism on software development is
expected to be particularly well pronounced in distributed
environments due to increased communication barriers
imposed by multiple global boundaries. Therefore, we posit:

H2. User requirements dynamism is negatively associated
with coordination effectiveness in global software development.

2.4 Moderating Effects of Process Rigor,
Standardization, Agiity, and Customizability

Software process plays an important role in software
development. To cope with the challenges resulting from
geographic dispersion and volatile user requirements,
software teams need strong software process capabilities
[24], [27], [46]. Effective software processes enable teams to
cope with various development challenges, reduce severe
defects, and fulfill user requirements successfully [47], [48].
We argue that globally dispersed teams need ambidextrous
process capabilities demonstrating both alignment and
adaptability [49], [50], [51]. On the one hand, globally
dispersed teams may need alignment and coherence among
all the activities in their software process so that they can
carry out software development tasks with stability,
consistency, accuracy, and efficiency and thus overcome
difficulties in communication and coordination across
locations and other boundaries [27]. On the other hand,
globally dispersed teams may also need process adapt-
ability to deliver software that meets changed user require-
ments resulting from greater uncertainty and dynamism in
distributed environment [52]. Drawing upon prior literature
and our preliminary field interviews, this research identifies

process rigor and process standardization as two facets of
alignment and process agility and process customizability
as two facets of adaptability.

Prior research has viewed process rigor as an important
process capability for software development [53]. Following
prior literature [27], [50], [54], process rigor is defined in this
research as the process capability that increases clarity,
accuracy, and formality of the software process. It is
characterized by clear definitions of roles, activities, work
products, methods, and measures, detailed top-down
planning, detailed documentation, tight monitoring and
controlling, and use of formal methods [27], [54], [55]. It is
especially emphasized and enacted by plan-based struc-
tured approaches to software development [50].

Rigorous processes might be especially important when
software teams are globally dispersed. The dispersion of
geographic, time, cultural, and organizational boundaries in
a software team increases the complexity of team coordina-
tion and exacerbates the risks of errors, delays, and higher
costs. Rigorous processes can reduce these risks by
eliminating ambiguity and improving clarity in work
procedures. With a high level of process rigor, details of
software development tasks are clearly defined and
accurately executed. Dispersed teams would benefit from
such detailed, well-defined processes because rigorous
processes help minimize the need for ad hoc coordination
and communication for clarifying and resolving issues and
problems. A related prior study demonstrates that the
benefit of improved software processes is more salient
when the complexity of software development is higher
[47]. Therefore, we posit:

H3. As software process rigor increases, the negative effect of
global team dispersion on coordination effectiveness decreases.

Process standardization has been considered another
important process capability to improve software develop-
ment performance [56]. Process standardization and process
rigor are two different, distinct capabilities. While process
rigor relates to clarity, accuracy, and reliability of software
processes, process standardization mainly refers to uniform
and consistent use of the same software processes within the
global software team. While some prior studies conceptua-
lized process standardization as process consistency across
projects in the organization [56], following prior research on
distributed software development [57] this research con-
ceptualizes process standardization as the consistent use of
the same methodologies, tools, techniques, templates, and
work practices across global development sites.

Communicating spontaneously, frequently, and unam-
biguously is not done easily in globally dispersed environ-
ments because team boundaries need to be bridged and
crossed [46]. Communication between globally distributed
developers can be problematic because of differences in
software methodologies, national and organizational cul-
ture, and language barriers. It is very challenging for global
teams to develop shared understanding because members
of such teams often do not stand on “common ground” [58].
Standardization has been long viewed as an important
organizational mechanism to cope with task dependencies
[32]. Standardized processes across project locations help
overcome communication barriers and facilitate coordina-
tion among global team members who otherwise might
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have very different ways of carrying out tasks [57].
Standardized processes help team members develop shared
mental models about the task [59], set common expecta-
tions, understand each other’s work, coordinate their
activities, and thus integrate distributed work effectively
[27], [56]. Process standardization leads to a cohesive
organizational culture through the common technical
language, procedures, and goals [60]. Furthermore, process
standardization can reduce the negative impact of person-
nel turnover and help overcome differences derived from
diverse local contexts [56], [57], [60]. Therefore, process
standardization can save a great deal of time and effort
because, without standardized processes in place, global
software teams would need to spend a significant amount
of time and effort to continuously negotiate ground rules
and protocols for task coordination. Therefore, we posit:

H4. As software process standardization increases, the
negative effect of global team dispersion on coordination
effectiveness decreases.

Consistent with prior research, process agility in this
research is defined as the process capability to sense and
respond to changing user requirements [61], [62], [63], [64].
The benefits of process agility have been demonstrated
mostly for collocated development, and the generalizability
of such findings to globally dispersed development has not
yet been validated [64], [65], [66]. As a result, the role of
process agility in global software development is poorly
understood [52], [67].

Process agility enables software teams to manage their
responses to changing user requirements and implement
necessary changes in a timely and cost-effective manner
[68], [69]. Due to inherent uncertainty in business and
technology environments, changes in user requirements are
inevitable. Process agility is needed especially when
required changes are not anticipated or adequately specified
at the onset of the project [70]. Changes in user requirements
may disrupt the rhythm and pace of the team’s coordination
and cause time/cost overruns if the team’s response is not
timely. Agile software processes enable the team to
effectively manage team interactions and collaboration to
orchestrate interdependent tasks that need to be executed in
multiple locations across boundaries. Thus, the negative
effect of user requirements dynamism on software devel-
opment is reduced by process agility. Therefore, we posit:

H5. As software process agility increases, the negative effect of
user requirements dynamism on coordination effectiveness
decreases.

Process customizability is conceptually distinct from
process agility. Whereas process agility refers to the ability
to respond to user requirement changes within the already
established process, process customizability refers to the
ability to respond to user requirement changes by tailoring,
reconfiguring, and improvising the process itself [71], [72].
Customizability captures “structural” adaptations of soft-
ware processes, while agility does not imply such structural
changes but rather captures “nonstructural” improvements
on the existing processes. In a sense, customizability can be
viewed as a metaroutine that changes first-order routines
and processes [73]. For example, software teams might
increase agility by making a change management process

more efficient, having an experienced person dedicated to
responding to change requests, using social media and
other advanced technology to facilitate communication, and
reducing excessive documentation associated with change
process. On the other hand, a software team might increase
customizability by making processes more modular and
loosely coupled, eliminating processes that don’t add much
value, and improvising new processes to handle exceptions.

Customizing a software process is not uncommon in
practice. Prior research found that globally dispersed teams
often required the use of a modified method or changes to
the extant method [74]. Development methods may be
formalized in an organization as a starting base or a process
template, but teams customize and reconfigure these
methods to accommodate the specific, idiosyncratic context
of a given project [71], [72], [75], [76]. Process customization
may change the formality, frequency, granularity, and
scope of process activities, documents, artifacts, roles, and
phases [77].

In dynamic business and technology environments, it is
difficult for a software team to determine the most suitable
and effective development process at the outset of the
project. Significant changes in business and technology
would demand the customization of software processes
throughout the software development life cycle as existing
processes may no longer be best suited to changed user
requirements and development environments [77]. There-
fore, we argue that process customization is an important
way to deal with changing user requirements and a lack of
such customizability can be a barrier to coordination of
team members. It is critical for software teams to be able to
easily tailor and reconfigure the extant processes, thus
dynamically adapting and optimizing software processes to
effectively handle changing user requirements and mitigate
the negative impact of the changes on team coordination
effectiveness [46]. Therefore, we posit:

H6. As software process customizability increases, the negative
effect of user requirements dynamism on coordination effective-
ness decreases.

2.5 Effect of Coordination Effectiveness on Global
Software Development Success

Because global software development is a complex task
with highly dependent activities, we argue that project
coordination effectiveness is essential to the success of the
software development project. The positive effects of team
coordination effectiveness on project performance have
been proposed in the software engineering literature [4],
[18]. Coordination theory predicts that coordination has an
impact on task performance when tasks have highly
dependent activities [35], [78], [79], as is the case with
software development work [80]. The difficulties and
problems associated with team coordination is one of the
main reasons for time and cost overruns, poor quality, and
other problems associated with software development [81].
Effective coordination is likely to help the software
development project to meet time, cost, and scope goals
and deliver a high-quality system that would satisfy users
and benefit the implementing organization [82].

Prior research suggests that project success in software
development consists of two different dimensions: process
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performance and product performance [48], [79]. Process
performance refers to the effectiveness of the implementa-
tion process undertaken, for example, in terms of on-time
completion and within-budget completion of the project
[79], [83]. In the context of global software development,
another important indicator of process performance would
be how well the project team leveraged distributed
resources to materialize the potential advantage of being
globally dispersed. Product performance refers to the
performance of the resulting software system, including
software quality, software functionality, software impact,
and user satisfaction with the software system [84]. In this
study, we use perceived measures for the two dimensions
of global software development success: project manager’s
perception of software process success and project stakehol-
der’s perception of software success. Therefore, we posit:

H7. Coordination effectiveness is positively associated with
software process success as perceived by the project manager.

H8. Coordination effectiveness is positively associated with
the success of the resulting software as perceived by the system’s
stakeholders.

In addition to the hypotheses we posited above, we
expect the positive effects of process rigor, process
standardization, process agility, and process customizabil-
ity on coordination effectiveness. However, since these
effects are not the main focus for this research, we did not
propose hypotheses explicitly for those effects. Further-
more, we did not hypothesize moderating effects of process
rigor and process standardization on the relationship
between user requirements dynamism and coordination
effectiveness, or moderating effects of process agility and
process customizability on the relationship between global
team dispersion and coordination effectiveness because we
did not find compelling theoretical underpinnings that
support such moderating effects.

3 METHOD

3.1 Data Collection and Research Sample

Before collecting primary data with our online survey
instrument, we conducted preliminary field interviews with
several project managers of global software development
projects to formulate research questions, identify key
constructs, and generate measurement items. We conducted
1 hour, semi-structured interviews face-to-face and by
telephone. We then used a web-based online survey
instrument to collect our primary data. No one from the
preliminary field interviews participated in the survey. To
avoid common method bias, we designed the survey
instrument to collect data from two key informants from
each project, a project manager and a stakeholder (e.g., a
project sponsor, user, or client of the project). Project
managers responded to questions related to team bound-
aries, user requirements dynamism, rigor/consistency/
agility/customizability of their software process, coordina-
tion effectiveness, and software process success (see
Appendix A). Project stakeholders responded to questions
related to software success (see Appendix B).

We solicited survey participation from organizations
that were members of the Center for IT and the Global

Economy at the Kogod School of Business, American
University. We identified and sent an invitation to 171
project managers who had managed global software
development projects. In total, we received 103 project
manager responses. Several responses had missing values
for important items such as team distribution. After
eliminating those incomplete responses and several re-
dundant responses due to multiple data entries, we
retained 80 usable project managers’ responses for our
data analysis, resulting in an effective response rate of
46.8 percent. A substantial number of our data points came
from three US companies: an oil company, a manufacturing
company, and an IT service company. Specifically, 67 pro-
jects were from these three companies and 13 projects
were from 12 different organizations in various industries.
We then contacted stakeholders of the projects in our
sample whose name and contact information were pro-
vided by the project managers. We obtained 66 responses
from stakeholders. After eliminating incomplete responses,
we retained 62 usable stakeholders’ responses. In sum, we
retained 62 matched responses from project managers and
stakeholders and 18 additional project manager responses
that were not matched with their corresponding stake-
holder responses. Since the sample size is not very large,
we used all 80 project manager responses when testing H1
to H7 that did not require stakeholder data, to maximize
the statistical power of our data analysis. However, when
testing H8, which required data both from project
managers and from stakeholders, we used the 62 matched
pairs for data analysis.

On average, a project team had 48.7 members, a budget
of $8.3 million, and duration of 15.8 months. Project
managers had about 11 years of project management
experience and nearly 20 years of IT-related work experi-
ence. Table 1 shows further details. To examine the
possibility of nonresponse bias, we compared the response
group with the nonresponse group on organizational size
and industry and did not find significant differences. In
addition, we split the sample into two half-sized sub-
groups based on the time when each response was
received. We then compared the early response group
with the later response group on variables such as project
budget, team size, project type, organizational size, and
project management experience, gender, and education. No
significant differences between the two groups on these
variables were found. Therefore, we concluded that
nonresponse bias was not likely to be an issue.

3.2 Constructs and Measures

Appendix A shows the measurement items used in this
research. We measured global team dispersion by assessing
the extent to which the members of a software development
team are evenly distributed across boundaries of space,
time, culture, and organization. Project managers were
asked to identity all locations of the development sites, the
number of team members at each site, the number of team
members with specific nationalities (nationality is used as a
proxy for culture), and the number of members from
different organizations such as external vendors and
contractors. Then, the number of time zones was computed
from project locations. We used the Gini coefficient [85],
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which is a widely used measure of dispersion, to measure
how evenly a project team was dispersed across multiple
team boundaries. We computed the Gini coefficient for each
of the four team boundaries and then averaged the four
Gini coefficients to indicate a composite scale of global team
dispersion. The resulting mean Gini coefficient ranges from
0 (i.e., team members are perfectly evenly dispersed across
different locations, time zones, nationalities, and organiza-
tions) to 1 (i.e., all team members are concentrated in one
location, time zone, nationality, and organization). We used
the reversed mean Gini coefficient (i.e., [1-mean Gini

coefficient]) as the final measure of global team dispersion
to indicate how evenly teams are distributed across global
team boundaries so that higher mean scores indicate more
even distribution of team members.

The measurement items for user requirements dyna-
mism were informed by and adapted from prior research
[15], [86]. User requirements include both functional and
nonfunctional requirements [81], [87]. Using five-point
Likert scale items, we measured rate of changes in

10 different categories of requirements, including system
input, output, data structure, data processing logic, busi-
ness process, user interface, software interface with other
software systems, security, reliability, and data backup/
recovery. In addition, two items measured the extent of
requirements fluctuation during software development.

We measured process rigor using items adapted from the
prior literature (e.g., Jalote [54] and Ahern et al. [81]) and
from results of our preliminary field interviews. The items
intend to measure the extent to which software process is
defined, formalized, planned, communicated, monitored,
and measured. The items for process standardization
measure the extent to which common development pro-
cesses are consistently used across project sites. Specifically,
we measured the consistent use of software development
methodologies, project management processes, communi-
cation methods/technologies, and project performance
review methods/processes across sites. These items were
selected based mainly on the results of our preliminary field
interviews because no directly relevant measures of process
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standardization for global software development were

available from prior research. We measured process agility

by assessing how software process enables the team to

sense requirements changes, plan for appropriate re-

sponses, and incorporate necessary changes into the soft-

ware under development. These measurement items were

informed by and adapted from prior research [62], [63]. We

measured process customizability by assessing how effec-

tively the team was able to tailor and reconfigure extant

software processes and design and implement new pro-

cesses when needed. The items were selected based on the

results of our field interviews.
Coordination effectiveness is defined as the extent to

which task dependencies have been effectively managed as

evidenced by reduced coordination problems [17]. Software

development projects are considered to be poorly coordi-

nated when they exhibit task redundancy, rework, lack of

problem-solving capability, and integration-related difficul-

ties. The items were adapted from similar scales used in

prior research [40] to measure coordination problems. For

our data analysis, the item scores measuring coordination

problems were reversed to indicate coordination effective-

ness. The success of global software development was

measured by two dimensions [79], [88]. The first dimension

is the process aspect of the software development perfor-

mance perceived by project managers. We measured time

and cost overruns, the extent to which the team saved

time and cost in globally dispersed development environ-

ment, and the extent to which the team effectively utilized

distributed resources and talents. The second dimension is

the success of the completed software system as perceived

by project stakeholders [84], [89]. The items measured the

extent to which the software met user requirements,

functional goals and technical specifications, and the extent

to which the software provided useful information, satisfied

users, produced expected organizational benefits, and was

easy to use.

4 ANALYSIS AND RESULTS

4.1 Construct Validity

In this research, the measurement items of process rigor,

process standardization, process agility, process customiz-

ability, coordination effectiveness, and software success

are intended to be reflective measures, whereas the

measurement items of global team dispersion, user

requirements dynamism, and process success are intended

to be formative measures that tap into the multifacets of

the constructs.1 Following recommendations from prior

research [90], we used different approaches to validate the

convergent validity, discriminant validity, and reliability

of reflective measures versus formative measures. Ex-

ploratory factor analysis of the reflective measures

produced the hypothesized six-factor solution (see Appen-

dix C). All retained items loaded on their expected factors

with loadings ranging from 0.60 to 0.90. Results show that

the square root values of the average variance extracted

(AVE) for all six constructs are greater than 0.707 and

exceed the correlations with other constructs, indicating

satisfactory convergent and discriminant validities for the

constructs. Cronbach’s � values for the six reflective

constructs ranged from 0.84 to 0.89, indicating adequate

construct reliabilities (Table 2).
We followed the guidelines recommended by Petter

et al. [90] to validate the construct validity of the
formative measures. We used a modified multitrait-multi-
method matrix (MTMM) analysis proposed by Loch et al.
[91] for validating convergent and discriminant validity
of formative measures. Results show that the majority of
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TABLE 2
Means, Standard Deviations, Scale Reliability, and Intercorrelations

Notes. 1) * 0.05 level; ** 0.01 level, 2) Cronbach’s alphas reported on the diagonal, 3) n ¼ 80 except for Software Success (nsoftwaresuccess ¼ 62).

1. For rigorous validation of measures, researchers have recently
begun to distinguish formative measures from reflective measures (For
more information, see [90]). Reflective measures are caused by their latent
construct and thus they are expected to have high degrees of covariation
among them. On the other hand, formative measures are causes of their
latent construct and thus they are not expected to have high degrees of
covariation among them. Reflective measures and formative measures
require different approaches and criteria for validating reliability,
convergent validity, and discriminant validity.



interitem correlations and item-to-construct correlations

within a given construct are significant and that most

items correlate more highly with one another within the

same construct than with items of other constructs.2

Therefore, convergent and discriminant validities for the

three formative constructs were satisfactory.
To assess if significant common method variance is

present [92], we performed the following analyses. First, we

conducted a Harman’s one-factor test [93] on all the

variables of process rigor, process standardization, process

customizability, process agility, user requirements dyna-

mism, coordination effectiveness, and process success. All

these variables were entered into an exploratory factor

analysis. Our results show that multiple factors with

eigenvalue greater than 1 are present and that the largest

factor does not account for a majority of the covariance,

accounting for only 27.07 percent. Second, we loaded all

these variables onto one factor and examined the fit of the

confirmatory factor analysis model. If a substantial amount

of common method variance is present, the one-factor

confirmatory factor analysis model should fit the data well

[94]. Our results do not show a good fit of the single-factor

model with the data (�2ðd:f: ¼ 819; N ¼ 80Þ ¼ 2;085:81,

p ¼ 0:000, GFI ¼ 0:44; AGFI ¼ 0:39; CFI ¼ 0:78; RMR ¼
0:12; RMSEA ¼ 0:14). The results obtained from the two

analyses indicate that common method variance is not of a

serious concern and, therefore, is unlikely to confound the

interpretation of results.

4.2 Model Specification and Estimation Procedure

We specify three equations to test our hypotheses. First, we

specify (1) to test H1 to H6. Since this equation includes

interaction terms, we centered independent variables

before creating interaction terms to avoid possible multi-

collinearity and lack of scale invariance problems [95]. We

controlled for variables that may affect team coordination

such as team size, project duration, and project manager’s

project management experience when we tested the effects

of the independent variables and their interaction terms

with moderating variables on the dependent variables. We

also controlled for software development methodology

using dummy variables but dropped them in the final

analysis to preserve degrees of freedom because no

significant effect was found. We measured team size by

the number of team members. Project manager’s project

management experience was measured in years and

project duration was measured in months. Our analysis

indicates that these three control variables are distributed

in a nonnormal fashion. Therefore, we transformed the

variables using a logarithmic transformation to reduce

skewness and approximate normality. These transformed

data demonstrated normality in Q-Q plots. We included

binary dummy variables to control for the three organiza-

tions (Organizations 1, 2, and 3) that accounted for a large

portion of the sample.

Coordination Effectiveness ¼ �0 þ �1lnðTeam SizeÞ
þ �2lnðProject DurationÞ þ �3lnðPM ExperienceÞ
þ �4ðOrg1Þ þ �5ðOrg2Þ þ �6ðOrg3Þ þ �7ðTeam DispersionÞ
þ �8ðRequirementsDynamismÞ þ �9ðProcess RigorÞ
þ �10ðProcess StandardizationÞ þ �11ðProcess AgilityÞ
þ �12ðProcess CustomizabilityÞ
þ �13ðTeam Dispersion� ProcessRigorÞ
þ �14ðTeam Dispersion� Process StandardizationÞ
þ �15ðRequirements Dynamism� Process AgilityÞ
þ �16ðRequirements Dynamism� Process CustomizabilityÞ
þ "1:

ð1Þ

We specify (2) to test H7. Although not hypothesized in
this research, the equation also included the main effects of
team boundary dispersion, user requirements dynamism,
process rigor, process standardization, process agility, and
process customizability on software process success to
examine whether or not these variables have direct main
effects on the dependent variable.

Software Process Success ¼ �0 þ �1lnðTeamSizeÞ
þ �2lnðProject DurationÞ þ �3 lnðPM ExperienceÞ
þ �4ðOrg 1Þ þ �5ðOrg 2Þ þ �6ðOrg 3Þ
þ �7ðCoordination EffectivenessÞ
þ �8ðTeam DispersionÞ þ �9ðRequirements DynamismÞ
þ �10ðProcess RigorÞ þ �11ðProcess StandardizationÞ
þ �12ðProcess AgilityÞ þ �13ðProcess CustomizabilityÞ
þ "2:

ð2Þ

In a similar fashion, we specify (3) to test H8.

Software Success ¼ �0 þ �1lnðTeam SizeÞ
þ �2lnðProject DurationÞ þ �3lnðPM ExperienceÞ þ �4ðOrg 1Þ
þ �5ðOrg 2Þ þ �6ðOrg 3Þ þ �7ðCoordination EffectivenessÞ
þ �8ðTeam DispersionÞ þ �9ðRequirements DynamismÞ
þ �10ðProcess RigorÞ þ �11ðProcess StandardizationÞ
þ �12ðProcess AgilityÞ þ �13ðProcess CustomizabilityÞ þ "3:

ð3Þ

4.3 Results

We estimated the parameters of the three equations using a
hierarchical ordinary least squares (OLS) regression meth-
od. Tables 3, 4, and 5 show the analysis results for (1), (2),
and (3), respectively. We conducted Kolmogorov-Smirnov
tests to check the normality of the residuals and did not find
any violations (z ¼ 0:61; p ¼ 0:86 for (1); z ¼ 0:54; p ¼ 0:93
for (2); z ¼ 0:42; p ¼ 0:98 for (3)). We tested for hetero-
scedasticity of the error terms using White’s tests and did
not find any violations.

For (1), the predictive power of the regression model
increased significantly as we added to the base model
(Model 1a) the main effects (Model 1b; �F ¼ 26:696; p <

0:01Þ and the hypothesized interaction effects (Model 1c;
�F ¼ 3:166; p < 0:05). The estimates of the parameters
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TABLE 3
Results of Regression Analysis for Coordination Effectiveness (1)

Notes. 1) y p < 0:10; * p < 0:05; **p < 0:01. 2) n ¼ 80.

TABLE 4
Results of Regression Analysis for

Software Process Success (2)

Notes. 1) y p < 0:10; * p < 0:05; ** p < 0:01. 2) n ¼ 80.

TABLE 5
Results of Regression Analysis for Software Success (3)

Notes. 1) y p < 0:10; * p < 0:05; ** p < 0:01. 2) n ¼ 62.



shown in Models 1a to 1c provide support for H1, H2, H4,
and H5: Both global team dispersion across boundaries and
user requirements dynamism are associated with lower
coordination effectiveness; software process standardiza-
tion mitigates the negative effect of global team dispersion
on coordination effectiveness; and software process agility
mitigates the negative effect of user requirements dyna-
mism on coordination effectiveness. However, H3 and H6
were not supported. Although not explicitly hypothesized
in this research, we also found positive main effects of
process rigor, process standardization, and process agility
on coordination effectiveness. However, we found that the
main effect of process customizability on coordination
effectiveness was not significant. In sum, these results suggest
that global team dispersion and user requirements dynamism have
negative main effects on coordination effectiveness and that these
negative effects are mitigated by process standardization and
process agility, respectively.

The results for (2) shown in Models 2a and 2b provide
strong support for the positive main effect of coordination
effectiveness on software process success. The predictive
power of the regression model increased significantly as
we added to the base model the main effects of the six
independent variables (�F ¼ 2:453; p < 0:05). The results in
Model 2b show that the effect of coordination success on
process success remains significant even when the other
independent variables are added to the model. Interest-
ingly, we found that process rigor has a positive effect on
process success above and beyond its indirect effect
mediated by coordination effectiveness.

The results for (3) shown in Models 3a and 3b provide
strong support for the positive main effect of coordination
effectiveness on software success. The predictive power of
the regression model did not increase significantly as we
added to the base model the main effects of the six
independent variables (�F ¼ 1:443; p > 0:10). The results
in Model 3b show that the effect of coordination success on
software success remains significant even when the other
independent variables are added to the model, and that
process rigor once again has a positive effect on software

success above and beyond the mediating effect of coordina-
tion effectiveness. In sum, the estimates of (2) and (3)
provide support for H7 and H8 that coordination effective-
ness is positively associated with both software process
success and software success. Fig. 2 presents the resulting
research model based on the empirical tests of hypotheses
H1 through H8.

Fig. 3 illustrates the interaction effect of global team
dispersion and process standardization and the interaction
effect of user requirements dynamism and process agility
on coordination effectiveness.3 When process standardiza-
tion is low, a relatively strong negative effect of team
dispersion on coordination effectiveness is observed,
demonstrating a declining line. When process standardiza-
tion is high, however, this negative effect becomes much
weaker, demonstrating a much flatter line (Fig. 3a).
Similarly, when process agility is low, a strong negative
effect of requirements dynamism on coordination effective-
ness is observed, demonstrating a steep line. When process
agility is high, however, this negative effect becomes
weaker, demonstrating a flatter line (Fig. 3b).

We inspected our models for multicollinearity using
conditions specified in prior research [96]. The highest
variance inflation factor of all the independent variables and
the interaction terms in Models 1a to 3b was 3.83. The
condition indices for Models 1a, 1b, 1c, 2a, and 3a were
below 20. However, the condition indices for Models 2b and
3b were 42.47 and 45.75, respectively. These relatively high-
condition indices may result from high correlations between
coordination effectiveness and other independent variables
as shown in Table 2. To further assess multicollinearity, we
tested reduced models only with the variables exhibiting
significant effects in Models 2b and 3b. Results showed that
these variables remained significant with the same direc-
tions in the reduced models and that the condition indices
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Fig. 2. Summary of regression results.

3. We constructed the diagrams in Fig. 3 by splitting the data at the
median of each variable and calculating the mean of coordination
effectiveness for each of the four subgroups. Therefore, the diagrams are
only simplified illustrations of the interaction effects and should not be
interpreted as perfectly accurate representations of the interaction effects.



were 17.37 and 15.53. In sum, the results indicate the
absence of serious multicollinearity effects in our regression
models and the robustness of the regression estimates.

5 DISCUSSION

5.1 Effect of Team Dispersion and Requirements
Dynamism

Our study shows the negative impact of global team
dispersion and user requirements dynamism (task environ-
ment complexity) on coordination effectiveness and on
global software development success. High global team
dispersion not only increases the number of information
cues that need to be processed to work together in a task
(e.g., who is where? what time is in location x? did
colleagues leave for the day already? how do I word this
memo so that my colleagues across the Atlantic understand
what I mean?), but also the interdependencies among these
information cues, both of which make the task environment
more complex [9], [12]. Our preliminary field interviews
also support the negative effect of global team dispersion on
coordination effectiveness. For example, one software
development project manager said “I would think that it
would be foolish to not take whatever mathematical calculation
you have (for a collocated project) and start off with 1.5 times that
budget and plan amount for a distributed project because it’s
simply much more difficult to get things done.” Another
manager stated, “When your team is distributed, it takes a lot
longer time to figure out certain things that would probably get
resolved by a 5 minute phone call . . . they dwell on the issue or
problem for probably a week or two weeks.”

As we expected, frequent changes in user requirements
undermine software teams’ ability to seamlessly coordinate
development tasks that are often interdependent across
team boundaries. The need to deliver software on-time and
within-budget, and accommodate changing requirements
concurrently creates tensions and confusion that might
cause redundant work, rework, and integration challenges.
One project manager in our field interview highlighted the
challenges associated with user requirements dynamism: “If
something changes, she would ask: OK, you just threw all this
stuff at me . . . what do you want me to work on first because I
can’t do it all by the time you need it . . . what’s your priority?”
Prior research has shown similar negative effects of user

requirements dynamism on various software development
processes. However, this research extends the general-
izability of the relationship to globally distributed software
development. Global software teams should understand the
strong negative effect of user requirements change and
develop proper coping strategies to ensure effective team
coordination.

5.2 Moderating Effect of Process Standardization
and Agility

As the team needs to bridge the even dispersion of
members across multiple boundaries to get the job done,
process standardization becomes paramount to maintain-
ing coordination. Consistently, our preliminary field inter-
view results also suggested that successful teams used
standardized development processes, especially when the
development work was carried out by teams whose
members were evenly distributed across development
sites. For example, a project manager said “We have common
processes for development of systems. Common processes are
very, very key when you have multiple locations and team
members are widely dispersed.” Another project manager said
“I think one of the key things we have done is we have internally
developed project management automation processes and tools
that we use globally from wherever we are.” However, when
team members were largely concentrated in a single
location, the need for process standardization was less
important. Our results suggest that global software teams
should standardize software processes to help overcome
difficulties resulting from team dispersion across multiple
boundaries. Prior research tends to suggest that the main
role of process standardization is to increase consistency
and reliability across software development projects in an
organization. Our study suggests a complementary view
that process standardization plays a role in coping with
global team dispersion.

Contrary to our expectation, process rigor did not
moderate the negative effect of team dispersion on team
coordination. Given the positive main effect of process rigor
on coordination, this result suggests that while process
rigor generally increases coordination effectiveness, it
does not influence coordination effectiveness more or less
as team dispersion increases. In other words, process rigor
is equally important for software development independent
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Fig. 3. Illustration of interaction effects.



of the degree of team dispersion. One plausible explanation
is that the cost of implementing and enforcing rigorous
process in a highly dispersed team may offset the additional
benefits of rigorous processes for the team.

We found that the negative effect of user requirements
dynamism on coordination effectiveness was moderated
by process agility. This suggests that agile development
methods, which promote process agility over process
rigor, could be potentially effective for dynamic environ-
ments. Recognizing the detrimental consequences of the
lack of process adaptability in software development,
organizations have begun to adopt agile development
methods such as Extreme Programming and Scrum to
improve agility in responding to constantly changing user
requirements [68], [69]. However, it is important to note
that agile methods are not necessarily equal to process
agility [66]. While prior research tends to investigate
specific agile methods or specific agile practices and
principles [66], [97], our research investigates agility as a
process capability to understand its underlying theoretical
relationships with global software development perfor-
mance. As a result, this research deepens our theoretical
understanding of process agility, which is one of the three
facets of software development agility, along with resource
agility and linkage agility [66]. Furthermore, while prior
research tends to model agility as an independent variable
and requirements uncertainty as a moderator [97], [98],
our study models agility as a moderator and requirements
dynamism as an independent variable, thus providing a
complementary view on their interaction. Our results
suggest that software teams should build process agility
to cope with requirement changes and that the benefit of
agility is greater when user requirements change faster.
One project manager we interviewed stated that the
team’s ability to sense problems and issues was critical
for project performance because it allowed them to
manage project-related changes in a timely manner: “It
[our communication channel] was always open for any issue.
This was a must and not an option. The real communication
between the programmers there and the users here was
something that had to be constantly going on in order to
respond to requirement changes effectively.”

We did not find any significant moderating effect of
process customizability on the relationship between user
requirements dynamism and coordination or on the
relationship between team dispersion and coordination. In
sum, we could not find any significant main or interaction
effect of process customizability in this research. Future
research needs to investigate the conditions under which
process customizability becomes a critical capability in
global software development.

Taken together, our results suggest that process standar-
dization and process agility play different roles in con-
tributing to the success of globally dispersed software
development in a complex and volatile environment. While
process standardization mitigates the risk associated with
dispersed teams, process agility mitigates the risk asso-
ciated with dynamic business and technology environ-
ments. Therefore, software development teams should
assess their task environment complexity and deploy
appropriate process capabilities accordingly.

5.3 Other Findings

Although not explicitly hypothesized in this research, we
also found main positive effects of process rigor, process
standardization, and process agility on coordination
effectiveness as we would have expected. These process
capabilities enable software team members to coordinate
development tasks in a structured and orderly manner
and help them incorporate changes into the software
under development without creating chaotic situations.
However, we did not find the main effect of process
customizability on coordination effectiveness. We spec-
ulate that perhaps it is too difficult to adapt and
reconfigure processes during a global software project,
creating too much disturbance and chaos, thereby losing
continuity of development process [99]. Although process
customizability allows development processes to evolve
and be optimized to best suit the specific development
context and changing user demands, the negative side
effects resulting from reconfiguring existing processes
could have canceled out the benefits. Further research is
required to investigate this issue more deeply.

Additionally, we found that coordination effectiveness
positively affects global software development success. One
important aspect of our study is that we measure our
dependent variable, software development success, with
responses from two different groups: project managers and
stakeholders of the project, thus reducing concerns with
common method bias. What is interesting is that the
impact of coordination effectiveness on software develop-
ment success is supported by both perspectives, the project
manager’s data on software process success and the project
stakeholder’s data on software system success. The results
are remarkably consistent for these two measures of
software development success, thus providing assurance
that our process success measures are unbiased and robust.
This is consistent with coordination theory in that, to be
effective, technical tasks that are highly interdependent
need to be well coordinated. While this finding is not
entirely novel [35], we included this hypothesis to further
confirm this effect and also to provide a stronger validation
for our research model. Nevertheless, we know from
seminal studies on team performance that internal team
ratings of performance often vary from external perceptions
[100], so our results reinforce the importance of coordina-
tion effectiveness to software development success.

Interestingly, we found that process rigor has direct
effects on global software development above and beyond
its indirect effect mediated by coordination effectiveness,
both in terms of process success and software success. This
result suggests that the positive effect of process rigor on
global software development is only partially mediated,
rather than fully mediated, by increased coordination
effectiveness. One plausible explanation is that process
rigor improves software development performance not only
because it makes coordination among interdependent work
more effective but also because it enhances independent
work, which does not require coordination, to be more
productive and of higher quality. Therefore, coordination
does not fully account for the variance in software
development performance caused by process rigor. Future

LEE ET AL.: TASK ENVIRONMENT COMPLEXITY, GLOBAL TEAM DISPERSION, PROCESS CAPABILITIES, AND COORDINATION IN... 1765



research needs to further investigate these complex mediat-
ing paths by which process rigor affects software develop-
ment.

5.4 Contributions

Our research makes an important theoretical contribution
to our understanding of the drivers of success in complex
global software development work and offers a perspective
not investigated in prior research. Our study shows the
negative impact of task environment complexity—i.e.,
global team dispersion and user requirements dynamism—
on coordination effectiveness and on global software
development success. While prior research focuses on
investigating the effect of software task complexity on
coordination, our study extends this line of inquiry into the
complexity of the environment in which software devel-
opment task is situated and enacted.

In this research, global team dispersion measures the
extent to which a team is evenly dispersed across multiple
boundaries including distance, time, culture, and organiza-
tion and how global team dispersion hampers coordination
effectiveness. This is an important theoretical contribution
because prior organizational research has focused on the
effects of single boundaries (e.g., distance, time zones) and
used limited measures of these boundaries (e.g., number of
locations, number of time zones), but our study is the first to
propose and validate empirically that global team disper-
sion across these multiple boundaries generates substantial
task environment complexity. Furthermore, modeling only
one or two boundaries (e.g., distance and time zones)
produces biased estimators due to the omission of other
boundaries (e.g., culture and organizational) that may have
an effect, but on the other hand, including many boundaries
in the model causes multicollinearity with unstable pre-
dictors and large standard errors. Our measurement
approach eliminates these problems and allows us to model
the effect of dispersion across multiple global boundaries.

Appendix D compares the effects of different measures
of global team boundaries on coordination effectiveness.
The team dispersion over multiple boundaries we have used in
the present study exhibits the strongest negative effect on
coordination effectiveness among all measures. None of the
single or multiple boundary counts is significantly asso-
ciated with coordination effectiveness. Team dispersion
over a single boundary also shows a weaker effect on
coordination effectiveness, thus validating that our measure
of dispersion across multiple global boundaries best
captures software development environment complexity
resulting from global boundaries. We recommend that
future studies use this measure for rigorous empirical work.

While our findings about the main effects of global team
dispersion and user requirements dynamism contribute to
our understanding of globally dispersed software devel-
opment, uncovering the interactions of these variables with
software process capabilities further enhances our knowl-
edge of the more nuanced dynamics in global software
development. Interestingly, our research demonstrates that
the negative impact of global team dispersion can be
mitigated by process standardization and that the negative
impact of user requirements dynamism can be mitigated
by process agility. Prior studies have uncovered various

effects of global team boundaries, but our study is one of
the first to show how such negative effects can be
mitigated by management interventions aimed at develop-
ing effective process capabilities. From a theoretical
standpoint, our research suggests that standardization
and agility can be viewed as global software process
capabilities that neutralize risks resulting from task
environment complexity. Furthermore, prior studies tend
to use case study methods to examine process alignment
and adaptability [49], [98]. Our study is one of the few field
survey studies, testing theory with quantitative data and,
thus, complementing prior case studies.

5.5 Limitations and Conclusions

Our research is not without limitations. Our study is subject

to the inherent limitations of any survey research, although

we have taken careful steps to validate our scales and

measurement model and to avoid problems of common

method variance. Our study is also limited by the cross-

sectional nature of our data. It would be useful to conduct

longitudinal studies with more than one wave of surveys to

better understand the causality of the hypothesized

relationships. Longitudinal studies can also allow us to

examine how the four different process capabilities play out

over different phases of the software development life cycle

to mitigate the negative effects of team dispersion and user

requirements dynamism on team coordination. Another

limitation is that process agility and process customizability

could be perceived to be related to each other, although

they are intended to be conceptually distinct and measured

differently. Further investigation on the conceptual and

operational differences between the two constructs is

warranted. Finally, although our sample size provides

sufficient power (> 0:8) to detect Cohen’s [101] medium

and large effects, it provides limited statistical power to

detect small effects. Therefore, it is possible that some of the

nonsignificant effects in our results might have been

detected by a larger sample size with greater statistical

power. Future research should further investigate this issue.

In conclusion, developing a software system with

globally dispersed team members in highly complex and

volatile environments present daunting challenges and

risks to coordinating interdependent tasks that eventually

influence software development success. While there

might be many other mechanisms to cope with such

challenges and risks, our study shows that software process

capabilities—especially process standardization, process

rigor, and process agility—are one possible answer to help

software development teams overcome such challenges and

mitigate the risks, thus delivering high quality, effective

software systems to users.

APPENDIX

A. Measurement Items for the Project Manager
Survey

I. Global Team Dispersion

Note. This data is collected via a dynamic web survey
instrument. The instrument provides the survey respondent
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with the following questions. The data is used to compute

Gini coefficients for the four team boundaries based on

number of geographic locations, number of time zones,

number of nationalities/cultures, and number of organiza-

tions, along with number of team members distributed

across these boundaries:

1. A list of locations (countries for the most part, except
for large countries with multiple time zones which
will have regions listed). The user will be prompted
to check all the geographic locations in which they had
team members working on the project. The list will
have a blank box to add locations that are not in the
list. The user will then click submit.

2. This will create a record for each location checked by
the participant. The next screen will have these
locations listed and the participant will be asked to
enter the number of members in each location.

3. A list of countries. The user will be prompted to
check all the nationalities represented in the team.
The list will have a blank box to add countries that
are not in the list. The user will then click submit.

4. This will create a record for each country checked by
the participant. The next screen will have these
locations listed and the participant will be asked to
enter the number of members for each nationality.

5. A list with only one record labeled “Main Organiza-
tion,” with a blank box to enter any other organiza-
tions participating in the project.

6. This will create a record for each organization
involved in the project. The next screen will have
these organizations listed and the participant will
be asked to select a role for the organization (e.g.,
client, developer or maybe requirements, produc-
tion, etc.), and to list the number of team members in
each organization.

II. User Requirements Dynamism

Please indicate the extent to which you agree or disagree

with the following statements (1: Strongly disagree, 2: Some-

what disagree, 3: Neutral, 4: Somewhat agree, 5: Strongly

agree):

1. System input requirements changed frequently
(Dynamism1).

2. System output requirements changed frequently
(Dynamism2).

3. Data structure requirements changed frequently
(Dynamism3).

4. Requirements for data processing logic changed
frequently (Dynamism4).

5. Requirements for business processes embedded in
the system changed frequently (Dynamism5).

6. User interface requirements changed frequently
(Dynamism6).

7. Requirements for system interface with other sys-
tems changed frequently (Dynamism7).

8. System security requirements changed frequently
(Dynamism8).

9. System reliability requirements changed frequently
(Dynamism9).

10. Data backup/recovery requirements changed fre-
quently (Dynamism10).

11. System requirements fluctuated quite a bit (Dyna-
mism 11).

12. System requirements identified at the beginning of
the project were quite different from those existing at
the end (Dynamism12).

III. Software Process Capabilities

Please indicate the extent to which you agree or disagree
with the following statements

(1: Strongly disagree, 2: Somewhat disagree, 3: Neutral,
4: Somewhat agree, 5: Strongly agree)

Process rigor:

1. Project team responsibilities were clearly defined
and communicated (Rigor1).

2. Project team created a detailed project plan (Rigor2).
3. Formal estimation methods were used for project

planning (Rigor3).
4. Project team used a formal software development

process (Rigor4).
5. Project performance was accurately tracked against

planned targets (Rigor5).
6. Progress toward system quality goals was quantified

and managed (Rigor6).

Process standardization:

1. Common project management practices were used
consistently across sites (Standard1).

2. Common project planning methods/techniques
were used consistently across sites (Standard2).

3. Common communication methods/technologies
were used consistently across sites (Standard3).

4. Common project performance review methods/
processes were used consistently across sites
(Standard4).

Process agility:

1. Project team was able to sense user requirements
changes effectively (Agility1).

2. Project team was able to strategize its response to
user requirements changes effectively (Agility2).

3. Project team was able to make effective decisions to
cope with user requirements changes (Agility3).

4. Project team was able to incorporate user require-
ments changes into the system effectively (Agility4).

Process customizability:

1. Project team was able to effectively tailor its devel-
opment processes when needed (Customizability1).

2. Project team was able to effectively implement
new development processes when needed (Custo-
mizability2).

3. Project team was able to effectively reconfigure its
development processes when needed (Customiz-
ability3).

4. Project team was able to effectively improvise its
development processes when needed (Customiz-
ability4).
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IV. Coordination Effectiveness

Please indicate the extent to which you agree or disagree

with the following statements (1: Strongly disagree,

2: Somewhat disagree, 3: Neutral, 4: Somewhat agree,

5: Strongly agree):

1. Project team did a lot of redundant work (Coordina-
tion1).

2. Project team did a lot of rework (Coordination2).
3. Project team had substantial roadblocks in collabora-

tion (Coordination3).
4. Project team could not figure out how to solve

problems when they came up (Coordination4).
5. Project team was never certain whether the work we

were doing would need further rework (Coordina-
tion5).

6. Many tasks were out of control (Coordination6).

V. Software Process Success

Please indicate the extent to which you agree or disagree
with the following statements (1: Strongly disagree,
2: Somewhat disagree, 3: Neutral, 4: Somewhat agree,
5: Strongly agree):

1. This project had time overrun according to the
original schedule (ProcSuccess1).

2. This project had cost overrun according to the
original budget (ProcSuccess2).

3. This project cost less than if it had been developed
locally (ProcSuccess3).

4. This project took less time than if it had been
developed locally (ProcSuccess4).

5. The project fully utilized globally distributed project
resources (ProcSuccess5).

6. This project fully took advantage of globally dis-
tributed IT talent (ProcSuccess6).
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B. Measurement Items for the Project Stakeholders
Survey

Software success
Please indicate the extent to which you agree or disagree

with the following statements (1: Strongly disagree,

2: Somewhat disagree, 3: Neutral, 4: Somewhat agree,

5: Strongly agree):

1. This project delivered a software system meeting
user requirements (SoftwareSuccess1).

2. This project delivered a software system with many
defects (SoftwareSuccess2).

3. This project delivered a software system meeting
functionality goals (SoftwareSuccess3).

4. This project delivered a software system meeting
technical requirements/specifications (SoftwareSuc-
cess4).

5. This project delivered a software system providing
useful information for users (SoftwareSuccess5).

6. This project delivered an easy-to-use software
system (SoftwareSuccess6).

7. Users were satisfied with the software system
delivered by this project (SoftwareSuccess7).

8. This project delivered a software system resulting
in the expected organizational benefits (Software-
Success8).

C. Factor Loadings and Cross-Loadings for
Reflective Constructs

See Table 6.

D. The Effects of Different Measuares of Global Team
Boundaries on Coordination Effectiveness

See Table 7.
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