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Abstract

Efficient and effective communication (active communication) among stakeholders is
thought to be central to agile development. However, in geographically distributed
agile development (GDAD) environments, it can be difficult to achieve active
communication among distributed teams due to challenges such as differences in
proximity and time. To date, there is little empirical evidence about how active
communication can be established to enhance GDAD performance. To address this
knowledge gap, we develop and evaluate a measurement model to quantitatively
analyze the impact of agile enterprise architecture (AEA) on GDAD communication
and GDAD performance. The measurement model was developed and evaluated
through developing the AEA driven GDAD model and associated measurement
model based on the extensive literature review, model pre-testing, pilot testing, item
screening, and empirical evaluation through a web-based quantitative questionnaire
that contained 26 different weighted questions related to the model constructs (AEA,
GDAD active communication, and GDAD performance). The measurement model
evaluation resulted in validated research model and 26 measures: 7 formative items
for AEA, 5 reflective items for communication efficiency, 4 reflective items for
communication effectiveness, 2 reflective items for each on-time and on-budget
completion, and 3 reflective items for each software functionality and quality. The
results indicate the appropriateness and applicability of the proposed measurement
model to quantitatively analyze the impact of AEA on GDAD communication and
performance.

Keywords: Geographically distributed agile development, Communication, Enterprise
architecture, Performance

1 Background

Agile methods have been introduced to address a number of issues related to the de-
velopment and delivery of software projects. These issues include projects running
over budget, projects running behind schedule, and projects not meeting customers’
needs and expectations (Chow & Cao 2008). Agile methods emerged over a period of
time to increasingly influence future trends in software and information system devel-
opment in both the local and distributed contexts (Gill 2015a). According to Ramesh
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et al. (2006), GDAD can be defined as an agile development that involves distributed
teams over different time zones and/or geographical locations. Hence, GDAD teams
could be globally distributed or distributed within the same country in different loca-
tions (Ramesh et al. 2006). GDAD faces many challenges. The most noticeable chal-
lenge is the communication and coordination between dispersed stakeholders
(Herbsleb & Mockus 2003; Korkala & Abrahamsson 2009).

Communication refers to the process of exchanging information between senders
and receivers (McQuail 1987). Clark and Brennan (1991) defined communication as a
collective activity that "requires the coordinated action of all the participants. Ground-
ing is crucial for keeping that coordination on track.” Communication grounding helps
in achieving rapid communication with minimum effort (i.e. efficiency), and under-
standable message (i.e. effective) (Clarke & Brennan 1991; Modi et al. 2013). Herbsleb
and Mockus (2003) reported two general types of communication in agile software de-
velopment; informal and formal communication (Herbsleb & Mockus 2003). Informal
communication is defined as a conversation (personal face-to-face) between software
developers that takes place outside the formal structure or management’s knowledge
(Herbsleb & Mockus 2003). Since informal communication can quickly address
changes in customer’s requirements, it is more important than formal communication
in agile software development (Henderson-Sellers & Qumer 2007). Herbsleb and
Mockus (2003) defined the formal communication as the communication form that fol-
low explicit and clear steps (e.g. backlog and card walls). According to Gill et al. (2012),
although informal communication is more effective within co-located agile develop-
ment teams, formal communication may be critical for GDAD success. Whether the
communication is formal or informal, there is a need to understand the two important
dimensions of active communication (Gill 2015b): communication efficiency and com-
munication effectiveness (Alzoubi et al. 2016; Pikkarainen et al. 2008). To address cus-
tomer’s requirements and to mitigate the uncertainty in requirements, communication
among agile development team should be active. This is even more critical in GDAD
environment where face-to-face communication is hard to achieve among distributed
teams due to numerous number of challenges (e.g. differences in geographical loca-
tions, time zones, cultures and languages) (Herbsleb & Mockus 2003).

Prior literature reports that active communication may enhance GDAD performance
(on-time completion, on-budget completion, functionality and quality of software) by
reducing the cost and time of project, and increase customer satisfaction (Paasivaara et
al. 2009). However, there is a lack of empirical evidence to support this claim. To ad-
dress this knowledge gap, there is a need to empirically examine how active communi-
cation can be achieved to enhance GDAD performance (Korkala et al. 2009). This
paper addresses this important research gap, and uses agile enterprise architecture (EA)
driven approach (Gill 2015b) for developing a communication model to enhance
GDAD performance. This paper uncovers the relationships between the AEA, GDAD
active communication and GDAD performance. Further, this paper evaluates the meas-
urement model in order to examine the research model. This paper describes research
which addresses the following research question:

RQ: How to quantitatively analyze the impact of AEA on GDAD communication and
performance?



Alzoubi et al. Journal of Software Engineering Research and Development (2018) 6:4 Page 3 of 24

The main contribution of this paper is to fill the above small research gap by propos-
ing and evaluating a measurement model that involves AEA, GDAD communication,
and GDAD performance. This paper investigates if AEA can enhance GDAD commu-
nication and GDAD performance. Moreover, this paper clarifies the importance role of
GDAD communication on GDAD performance.

The paper is structured as follows: Section 2 discusses the theoretical back-
ground of the research. Section 3 discusses the research model and hypotheses.
Section 4 discusses the research method of validating the measurement model.
Section 5 discusses the research findings and future directions. Section 6 con-
cludes the paper.

2 Theoretical background

This section discusses the relevant literature and identifies three constructs of the re-
search model: AEA (including one antecedent or independent variable: AEA), GDAD
active communication (including two dimensions or dependent variables: efficiency and
effectiveness), and GDAD performance (including four dimensions or dependent vari-
ables: on-time completion, on-budget completion, software functionality and software
quality). Table 1 synthesizes the literature review and presents the resultant AEA driven
GDAD communication model variables. The literature carefully reviewed the research
model constructs (Fig. 1).

This study is an output of our ongoing research in the area of AEA and GDAD
communication. It has gone through three stages. Firstly, we had conducted a de-
tailed systematic literature review to identify the GDAD communication challenges
(Alzoubi et al. 2016). We identified 17 challenges of GDAD communication and
we categorized them into six categories: (1) Distance Differences (different time
zones and different geographical areas), (2) Team Configuration (team size, number
of teams, and coordination among teams), (3) Project Characteristics (project do-
main and project architecture), (4) Customer Communication (involvement of cus-
tomer and involvement of customer representative), (5) Organizational Factors
(project management process, communication tools, communication infrastructure,
and organizational culture), and (6) Human Factors (language, national culture,
trust, and personal practice). Secondly, we have proposed AEA as a potential facili-
tator and enhancer of GDAD communication (Alzoubi et al. 2015). AEA is used
for two reasons: (1) it is more suitable to the people and active communication-
driven agile development ways of working than the traditional documentation-
driven and heavy process-centric EA approach, and (2) it offers a holistic and
evolving shared view of the integrated information of business and IT architecture
domains to enable effective and efficient communication among GDAD stake-
holders. Usually, development teams rely on isolated software or IT architecture.
EA as a holistic and integrated business and IT information will ensure that the
important points of the whole EA are not overlooked by the GDAD teams. EA is
perceived to be a glue to keep the GDAD teams aligned towards a shared vision
(Edwards 2007). Thirdly, we have proposed the integrated AEA driven GDAD com-
munication model (Alzoubi & Gill 2015). The fourth stage, which is the focus of
this paper, is to validate the measurement model.
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Table 1 The Research Model Variables Literature Review (Alzoubi & Gill 2015)

Variable

Literature

Relevant Definitions/Concepts/Ideas

Agile Enterprise Architecture

Communication Efficiency

Communication Effectiveness

Ambler 2014

Bass et al. 2013

Gill 2013

Niemi & Pekkola 2015

Ovaska et al. 2003

Sauer (2010)

Smolander 2002

Svensson et al. 2012

Franke et al. 2010

Herbsleb & Mockus 2003)

Lee & Xia 2010

Melo et al. 2011

Misra et al. 2009

Bhalerao & Ingle 2010

Cannizzo et al. 2008

Dorairaj et al. 2011

AEA should follow the strategy of “everyone
owns the architecture” and be a team effort.
AEA should use a minimum documentation
and avoid big up-front design

System quality can be predicted based solely
on an evaluation of its architecture

AEA is a blue print that the overall structural,
technical, social, behavioral, and facility
elements of an enterprise

EA artefacts can be used as a communication
medium in many situations

The architecture represents an important
communication tool and a coordination
mechanism in multi-site development

EA description can enhance communication
in global software environment since EA can
play as a common language among
distributed developers

Architecture can be assumed as a language
metaphor such that architecture description
about structures and solutions can be used as
communication enabler between different
stakeholders

Using architecture was perceived as delivering
big amount of rich information in global sites
and enhancing active communication by
providing a common vocabulary among
distributed teams

Efficiency concerns with short manufacturing
times, cycle times, lead times and work times

Splitting work across distributed sites slows
the work down

Communication efficiency can be enhanced
by timely communication and right people to
communicate with

Efficiency relates to the cost, time, resources
and effort associated with software team
responses

Efficiency concerns with doing things right of
any task, even if it is not important to the job,
that meets all the standards of time, quality,
etc.

Fast communication is a success factor of
GDAD practices

Fast communication is hindered in larger
team context

GDAD requires effective communication by
adopting tools like teleconference and instant
feedback from the customer

Communication effectiveness concerns with
minimum disruption, waiting time and
misunderstanding to receive the message
Communication effectiveness requires
immediate feedback that reduces waiting
time and helps team members to address
problems

Communication effectiveness facilitates rapid
knowledge transfer between teams, allows
team members to understand customer’s
requirements and helps team members

Page 4 of 24
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Table 1 The Research Model Variables Literature Review (Alzoubi & Gill 2015) (Continued)

Variable

Literature

Relevant Definitions/Concepts/Ideas

On-Time Completion

On-Budget Completion

Software Functionality

Software
Quality

Herbsleb & Moitra 2003

Melo et al. 2011

Chow & Cao 2008
Drury-Grogan 2014

Lee & Xia 2010

Melo et al. 2011

Chow & Cao 2008

Lee & Xia 2010

Mahaney & Lederer 2006

Chow & Cao 2008

Lee & Xia 2010

Mahaney & Lederer 2006

Bartelt & Dennis 2014

Chow & Cao 2008

Conboy & Fitzgerald 2004

Drury-Grogan 2014

Mahaney & Lederer 2006
Misra et al. 2009

perform development activities more
efficiently

Communication effectiveness can be
increased by reducing the effect of
communication challenges such as time-zone
differences and language barrier, and increasing
effective formal and informal communication

Communication effectiveness is defined as
delivering a complete, adequate and accurate
message

Communication effectiveness requires more
communication frequency and coordination
between GDAD teams

Effectiveness refers to doing the right things
for the tasks that are important to the job,
even if they are completed without meeting
standards of time, quality, etc.

Delivering software project (system) on time

Refers to the scheduling of tasks and
completion dates

The extent to which a software project meets
its time baseline goals

Refers to meeting datelines, overtime needed
to complete the work, and other time related
issues

Delivering software project within estimated
cost

The extent to which a software project meets
its cost baseline goals

The extent to which a software project is
completed within the estimated budget

Meeting customer's requirements and
objectives

The extent to which software project meets
its functional goals, user needs and technical
requirements

meeting the technical goals of the software
project

Different communication tools (e.g., IM and
forum) result in significant different decision
quality and team outcome

Delivering good product or project

Achieving high standards of the software,
supporting documentation and the
development team

Refers to how well the finished product
functions

Improving the project performance

Quality criteria are productivity, customer
satisfaction, business processes and
functionality

2.1 Agile Enterprise architecture

Traditional EA is defined as "the organizing logic for business processes and IT infra-

structure, reflecting the integration and standardization requirements of the company’s

operating model" (Ross et al. 2006, p. 9). Traditional EA provides a long-term view of
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Agile Enterprise GDAD Active GDAD
Architecture Communication Performance
Hid(+) J
Hic(+) Communication H3a (+) >| On-Time Completion |<
v Efficiency N H3b(+) 7
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Htat) T }3;:): ) On-Budget Completion |<—
Agile Enterprise [] H2(-)
Architecture v Haat) Software Functionality|<
« L bl —
T Hib ) Communication [
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H1f(+) —‘
Fig. 1 Research model (Alzoubi & Gill 2015). This figure identifies and defines the constructs of the research
model. It also defines the relationships between these constructs (Source: Alzoubi & Gill 2015, permission granted)

an organization’s processes, technologies, and systems, which enables individual pro-
jects to build capabilities rather than just fulfil immediate needs (Ross et al. 2006). The
effective use of EA standards can provide cost and efficiency advantages by standardiz-
ing the different platforms, technologies, and application architectures among distrib-
uted sites (Boh & Yellin 2006; Ross et al. 2006). This can potentially reduce the
organizational operational complexity, minimize waste and replication of system com-
ponents, enable reuse of system components, and control the number of skilled indi-
viduals (e.g., developers) required to maintain the systems (Boh & Yellin 2006).
Moreover, using EA standards enables integrating applications and sharing data across
distributed sites. This helps distributed sites to integrate their business processes, develop
key applications faster, and make effective use of organizational data (Bass et al. 2013).

However, in contrast to traditional process and documentation focused EA, AEA of-
fers an incremental and people focused approach that aims to enhance agility (Gill
2013; Mthupha 2012). Agility is not only an outcome of technological achievement, ad-
vanced organizational and managerial structure and practice, but also an outcome of
human skills, abilities, and motivations (Edwards 2007). Therefore, AEA should re-
spond to changes in an effective and efficient manner to handle potential changes
(Batra et al. 2010). Moreover, AEA should focus on the process inside an organization
(i.e. improving the operations of the organization) as well as people since they have the
biggest role in agile development (Edwards 2007). In order to ensure that AEA is not
only developed in EA process (as in traditional EA), agility characteristics should be
embedded in the end products and in the process, itself (Gill 2013). Agile software de-
velopment practices with fine-tune of agile principles make it possible to apply agility
into the process of EA (Edwards 2007).

AEA can be defined as the systematic process of following agile development principles
while interpreting business strategy and vision into an effective enterprise (i.e. create, com-
municate and improve requirements and principles in flexible manner) (Gill 2013; Mthupha
2012). The scope of AEA includes people, processes, information and technology of the en-
terprise, and their relationships among each other and to the external environment (Ross et
al. 2006). AEA provides holistic solutions that address the business challenges of the enter-
prise and support the governance needed to implement them (Edwards 2007).
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2.2 GDAD active communication

Communication between stakeholders is core to the agile development (Agile Mani-
festo 2001). To overcome the issues of development time and cost, and customers’ re-
quirements changes, agile development focuses on the role of people and
communication. People and interactions are valued over processes and tools, and cus-
tomer collaboration over contract negotiation (Henderson-Sellers & Qumer 2007).
Agility, the core of agile development, identifies how the agile team should communi-
cate and respond to requirements changes. Lee and Xia (2010) p. 90, defined software
development agility as “the software team’s capability to efficiently and effectively re-
spond to and incorporate user requirement changes during the project life cycle.” Con-
boy (2009) defined software development agility as the continued readiness “to rapidly
or inherently create change, proactively or reactively embrace change, and learn from
change while contributing to perceived customer value (economy, quality, and simpli-
city), through its collective components and relationships with its environment” (Con-
boy 2009; p. 3400). According to the above agility definitions, communication among
agile teams and team members should be efficient and effective (Gill 2013; Mthupha
2012).

As shown in Table 1, previous literature provides several theoretical concepts of com-
munication efficiency and effectiveness. There is a common theme underlying the vari-
ous definitions and descriptions in that communication is generally defined in terms of
exchanging the adequate information in short time (Bhalerao & Ingle 2010; Cannizzo
et al. 2008; Dorairaj et al. 2011; Melo et al. 2011; Misra et al. 2009). Furthermore, the
previous literature views communication efficiency and communication effectiveness as
the two different scopes of active communication. Efficiency focuses on short manufac-
turing times, work times, lead times and cycle times (Franke et al. 2010). Efficiency
concerns with time, cost, resources or effort associated with communication (Lee &
Xia 2010). Melo et al. (2011) defines efficiency and doing thing or task right (i.e. the
task is completed meeting all the standards of time, quality, etc.), even if it is not im-
portant to the job. Accordingly, we define communication efficiency as delivering a
message to a receiver with high quality and with minimal time, cost, effort, and re-
sources required to establish communication. Effectiveness concerns with the practices
or ways to effectively respond to market and customer demands (Franke et al. 2010).
Communication effectiveness refers to minimal disruption, misunderstanding and wait-
ing time to exchange the required information (Cannizzo et al. 2008). Melo et al.
(2011) defined effectiveness as doing the right things just to the tasks that are import-
ant to the job, even if they are completed without meeting standards of quality, time
and so on. Accordingly, we define communication effectiveness as delivering a message
to the receiver who understands it as it was intended with minimal disruption and mis-
understanding, even if it takes a long time.

2.3 GDAD performance

Researchers have diverse interpretations of software development performance. Some
have referred to it as a project success (Mahaney & Lederer 2006; Misra et al. 2009).
Project is assumed to be successful if it is completed within or close to the success cri-
teria boundary such as the estimated time/schedule, budget/cost, functionality and
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acceptable level of quality (Mahaney & Lederer 2006). Time, budget and quality are the
key components of any project’s success (Misra et al. 2009). Other authors have re-
ferred to performance as project effectiveness (e.g., Dyba et al. 2007; Jiang & Klein
2000). Project is assumed to be effective if it meets the speed, schedule and efficiency
standards (Jiang & Klein 2000). Aspects related to effectiveness are project duration, ef-
fort and quality (Dyba et al. 2007). Wallace et al. (2004) define performance through
two pillars: product performance (i.e. reliability, functionality, satisfaction, quality, and
user requirements) and process performance (i.e. on-time and on-budget).

Prior literature (agile and traditional software development), in general, assume three
major dimensions (i.e. on-time completion, on-budget completion and functionality) that
make and distinguish software development performance (Lee & Xia 2010). However, ac-
cording to Chow and Cao (2008), quality is the fourth important dimension of perform-
ance. Hence, this study refers to four dimensions of software development performance:
functionality, quality, on-time completion and on-budget completion. Functionality refers
to the extent to which the software meets its functional goals, technical requirements and
user needs (Lee & Xia 2010). Chow and Cao (2008) defined quality as delivering a good
working product (Chow & Cao 2008). On-time completion refers to delivering a software
according to its duration baseline goals (Lee & Xia 2010). On-budget completion refers to
delivering a software according to its cost baseline goals (Lee & Xia 2010).

3 Research model and hypotheses

Building on the guidelines of Lewis et al. (2005), the first stage in developing constructs is
to identify and define the constructs, and evaluate the constructs by academics and practi-
tioners’ experts. This was done and introduced in our previous paper (Alzoubi & Gill 2015).
The output of this stage is a refined model with its related hypotheses as shown in Fig. 1.
Therefore, the research constructs and the hypotheses are briefly discussed in this paper.
The research model identifies three constructs and seven variables: (1) AEA (independent
variable: AEA), (2) GDAD active communication (dependent variables: communication effi-
ciency and communication effectiveness), and (3) GDAD performance (dependent variables:
on-time completion, on-budget completion, software functionality and software quality).

3.1 Relationship between AEA and GDAD active communication

Agile principles emphasize that self-organizing teams, business people and agile devel-
opers must work together throughout the project to deliver the best architectures and
(Batra et al. 2010). In a small co-located agile team (i.e. development team and business
people work together in daily basis to work out the best project architecture and design
through active communication and continuous collaboration), this principle is very suc-
cessful (Ambler 2014). However, in GDAD environment, this principle is not easy to be
achieved (Batra et al. 2010). In such complex GDAD environment, different silo GDAD
teams need to be efficiently and effectively communicated with different changes to
their and other dependent project(s) architectures and requirements in order to align
their work. According to Ovaska et al. (2003), using the overall AEA holistic integrated
shared view can help achieving the best design and architecture. The integrated view of
AEA provide the “possibility to see and discuss how different parts (the ICT systems,
the processes, etc.) are interconnected and interplay. Understanding means not only
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knowing what elements the enterprise consists of and how they are related from differ-
ent aspects, but also how the elements work together in the enterprise as a whole”
(Karlsen 2008, p. 219).

This integrated shared view may serve as a common information model for enabling
clear communication among GDAD teams and can provide a single view of the AEA
information to GDAD stakeholders (Ambler 2014; Gill, 2015b; Ovaska et al. 2003).
“Architecture provides a common language in which different concerns can be
expressed, negotiated, and resolved at a level that is intellectually manageable even for
large, complex systems. Without such a language, it is difficult to understand large sys-
tems sufficiently to make the early decisions that influence both quality and usefulness”
(Bass et al. 2013, p. 29). Moreover, it can provide a rich source of information shared
by all GDAD teams (Madison 2010; Svensson et al. 2012). This integrated view helps
GDAD team members to coordinate their work through interfaces of their components
(i.e. different components can be developed separately). This means that considering
development of other components and the frequencies of communication with other
team members are decreased (Ovaska et al. 2003). Therefore, we propose.

Hla: Agile Enterprise Architecture positively affects the efficiency of the GDAD

communication.

H1b: Agile Enterprise Architecture positively affects effectiveness of the GDAD

communication.

3.2 Relationship between AEA and GDAD performance

It is possible to predict system quality based solely on an evaluation of its architecture
(Bass et al. 2013). AEA draws from a uniform infrastructure, platform, application, and
communicates the architecture value and status with all stakeholders (Madison 2010). It
improves implementation consistency and reduces the number of errors by providing the
basis for architecture rules to the involved teams (Kornstadt & Sauer, 2007). AEA may en-
hance GDAD performance since it is assumed as a placeholder for software quality, secur-
ity, reliability and modifiability (Kornstadt & Sauer, 2007). Therefore, we propose.

Hic: Agile Enterprise Architecture positively influences on-time completion of GDAD
project.

H1Id: Agile Enterprise Architecture positively influences on-budget completion of
GDAD project.

Hle: Agile Enterprise Architecture positively influences GDAD project quality.

HIf: Agile Enterprise Architecture positively influences GDAD project functionality.

3.3 Relationship between GDAD active communication dimensions (efficiency and effectiveness)
Due to GDAD communication challenges, the message may not be received as effect-
ively as intended. Considering the impacts of time, cost and effort on communication,
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a GDAD team tends to first decide what and how much they would communicate,
which affects communication effectiveness (Dorairaj et al. 2011). Clear communication
may not be achieved by sending short message (Clarke & Brennan 1991). Accordingly,
increasing the communication effectiveness may decrease the communication efficiency
and vice versa. Therefore, we propose.

H2: GDAD communication efficiency negatively affects effectiveness of the GDAD
communication.

3.4 Relationship between GDAD active communication and GDAD performance

Fast communication may lead to fast responding to customer requirements, which re-
sults in high agile development performance (Cockburn 2007; Misra et al. 2009). Delay
in identifying project impacts, dependencies and resultant changes in GDAD environ-
ment may lead to longer development duration and extra cost (Boehm & Turner 2003).
If the efficiency of GDAD communication is low, the amount of extra time and costs
required for handling customer requirements changes is high (Cockburn 2007). This
may increase the additional time and cost, and not meeting the assigned time and
budget targets (Lee & Xia 2010). Therefore, we propose.

H3a. Communication efficiency positively influences on-time completion of GDAD
project.

H3b. Communication efficiency positively influences on-budget completion of GDAD
project.

H3c. Communication efficiency positively influences GDAD project functionality.
H3d. Communication efficiency positively influences GDAD project quality.

According to Dyba et al. (2007), higher communication effectiveness comes at the
price of considerably longer time and higher cost, while shorter and faster communica-
tions come at a price of substantially lesser effectiveness. To effectively communicate
about many different customer requirements and requirements’ changes, GDAD team
may need new capabilities and resources or reconfigure existing capabilities and re-
sources (Lee & Xia 2010). This requires a considerable amount of extra cost and time
(Lee & Xia 2010). Furthermore, communication about customer’s requirements and re-
quirements’ changes helps in correcting system configuration, and improve design and
product quality (Bhalerao 2010). The functionality and quality of the system will not
satisfy “up-to-date” customer needs if the team fails to embrace important changes
(Lee & Xia 2010). Therefore, we propose.

H4a. Communication effectiveness negatively influences on-time completion of GDAD
project.

H4b. Communication effectiveness negatively influences on-budget completion of
GDAD project.
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H4c. Communication effectiveness positively influences GDAD project functionality.

H4d. Communication ef