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Abstract

Understanding the Role of Synchronous & Asynchronous Communication in
Agile Software Development and Its effects on Quality

Through inward perceptions, we intuitively expect distributed software
development to increase the risks of achieving quality goals compared to co-located
software development. To compound this problem, Agile Software Development (ASD)
maintains that face-to-face (synchronous) communication attributed to co-location of the
development team is a key success factor. Face-to-face communication is the richest
communication medium available. The following study explored the relationship
between synchronous and asynchronous communication within ASD teams and its effects
on quality of software produced. Within two out of four ASD phases (2 out of 6
activities within the phases), the analysis supported the hypothesis that when synchronous
communication scores were held constant, asynchronous communication scores predicted
final quality of software developed by distributed teams. In other words, higher
asynchronous communication scores resulted in higher quality for distributed teams, but
not for co-located teams. Furthermore, the study examined the relationship of distributed
ASD teams and challenges encountered through team proximity, frequency of contact,
time differences, and language barriers. The analysis identified a positive relationship
between proximity, time, and language and asynchronous communication in several ASD
phases. Accordingly, greater dispersed distributed teams that have increased time
difference between team members; and use more primary languages to communicate tend

to use more asynchronous than synchronous communication techniques. Moreover, ASD

Vi



teams that communicate more times per day with their dispersed team members tend to

use equal amounts of synchronous and asynchronous communication.
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CHAPTER I - INTRODUCTION

Background

According to research done by the Standish Group Incorporated in 2009, "44% of
all information technology (IT) projects were challenged and 24% failed which are
cancelled prior to completion or delivered and never used” [112]. Despite improvement

over the sample period, the data still find approximately two-thirds of all IT

Figure 1. Source data: The Standish Group
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including software development projects fall into the "failed" or "challenged" categories.
The Standish Group identified project failure as the measurement of unfavorably meeting
three critical elements: cost, schedule, and performance [112]. "Challenged" are those
projects that are behind schedule, overbudget, or with less functionality than originally

expected [112].



One key factor in performance of a software development project is the
measurement of quality. The International Organization for Standardization (ISO)
defines software quality as “the totality of features and characteristics of a product or
service that bears on its ability to satisfy given needs” [67]. In line with this definition,
Pressman characterizes software quality as “conformance to explicitly stated functional
and performance requirements, explicitly documented development standards, and
implicit characteristics" [95]. In simple terms, Pressman’s definition of software quality
is “the measurement of how well software is designed (quality of design), and how well
the software conforms to that design (quality of conformance)” [95].

Generally, the industry standard for measuring software quality is the frequency of
defects or error rates. A software development team's ability to produce quality
applications depends in large part on its understanding and strict management of
requirements and consistent communication throughout the software lifecycle. Fred
Brooks identified communication as one of the key challenges facing software engineers
[23]. The inability to accurately communicate and mitigate the effects of unpredictable
or shifting user requirements and the lack of development cohesiveness yields higher
costs (due to rework) and more defects in software. A 2003 study conducted by the U.S.
Department of Commerce's National Institute of Standards and Technology (NIST) found
that "software bugs, or errors, are so prevalent and so detrimental that they cost the U.S.
economy an estimated $59.5 billion annually, or about 0.6 percent of the gross domestic
product” [118]. Clearly, software bugs and errors partially explain why information

technology projects are late, overbudget, and lack quality.



Due to this trend of late, overbudgeted, and poor quality, the development
community sought new ways to improve software while achieving cost and quality
parameters. Agile Software Development (ASD) emerged to meet this challenge. The
ultimate goal of ASD is to reduce the “cost of change (user requirements or other
influences) that may engulf a project” [63]. The strength of ASD is its capacity to
alleviate the adverse costs, schedule, and performance problems that result from changing
user requirement. Highsmith and Cockburn observe that teams can be more effective in
responding to changes if it can reduce the cost of moving information between people,
and reduce the elapsed time between making a decision and understanding the
consequences of that decision [63].

Highsmith and Cockburn further explain that communication within ASD teams
is vital to achieving cost, schedule, and quality goals [63]. The Agile Manifesto (the
cornerstone of the ASD movement) states that the “most efficient and effective method of
conveying information to and within a development team is face-to-face conversation”
(co-located, synchronous communication) [83]. Existing research supports the notion
that having the entire development team work in the same physical location vastly
improves communication and solidifies clarity [73]. Moreover, open and direct
communication is important for an ASD team during the entire development lifecycle.

Nevertheless, co-located (solely domestic, with all developer in on location)
software development is becoming an outdated paradigm. Forrester estimates that
approximately “3.3 million white-collar jobs and $136 billion in wages are expected to
shift overseas by 2015—mnearly one million of those jobs in IT-related fields” [52]. This

new structure is creating an environment where software development teams are not



exclusively co-located (domestic only, in one location), but operating in different regions,
dispersed throughout the world. Two strategic reasons for this shift are cost advantage
and a large labor pool [25]. In addition, these reasons are also motivating corporate
entities to shift from co-located to distributed ASD. This trend will continue and the use
of geographically dispersed teams will grow, outpacing our understanding of their

dynamics [98] including the influence of communication in distributed environments.

Statement of Problem

As corporations around the world attempt to maintain competitive cost margins,
improve schedule effectiveness (24/7 work teams), and produce quality products, Agile is
becoming the method of choice. Likewise, Townsend notes that organizations are
becoming more dispersed due to competition, shifting from production to a service work
environment, and increase globalization of trade with the belief that distributed structures
provide a greater opportunity for higher revenues at lower costs [116]. This new
approach is limiting the role of face-to-face, co-located synchronous interactions within
Agile software development lifecycles. However, face-to-face, synchronous
collaboration amongst the development team is a key tenet of Agile. ASD lacks detailed
documentation for the development team, making precise communication exceedingly
vital during the ASD lifecycle. This situation creates a conundrum for organizations
wanting to benefit from the utilization of Agile software development in distributed
environments to produce quality products. These teams are substituting asynchronous
communication in place of synchronous, face-to-face communication. This investigation
determines the measure of importance of synchronous compared to asynchronous

communication in ASD teams and its influence on software quality.



Organization of Document

This dissertation contains six chapters. The introduction, background, and
statement of the problem are in the first chapter. The second chapter provides literature
reviews of various Agile methods, the role of Agile in producing quality software,
communication theory, and co-located and distributed teams. The third chapter describes
the research questions and hypotheses. The fourth chapter states the research plan,
methodology, and technique used to support the investigation. The fifth chapter contains
descriptive statistics and a summarization of the results of the study. The sixth chapter

provides a discussion, recommendation, conclusion, and ideas for future work.

Purpose

The purpose of the research is to analyze the ways in which different
communication techniques have an effect on quality of software produced by co-located
and distributed ASD teams. In addition, the research highlights how proximity, time
zones, language, and frequency of contact affect methods of communication for ASD
teams. The ultimate goal of the research is to contribute to the Agile software
development body of knowledge and determine the influence of communication
techniques. Moreover, the research is intended to assist Agile professionals in expanding
the feasibility of effectively exploiting Agile development methods in distributed

environments.

Significance
The research provides Agile professionals with empirical evidence to sustain and
recommend the deployment of communication tools and techniques for co-located or

distributed ASD teams. Within the Agile community, limited research has been directly



attributed to ASD and the influence of communication to the success of co-located and
distributed teams. The following research provides 1) a significant look into the effect of
communication, locality, proximity, and other factors on the quality of software produced
within ASD teams, 2) supports literature and research that ASD can increase software
quality, 3) synthesizes research to supports the premise that distributed software

development can be as effective as co-located development even within ASD project.
Contribution to the Academic Body of Knowledge

In the last half of the 20" century, Fritz Bauer provided the initial definition of
software engineering as “the establishment and use of sound engineering principles in
order to obtain economical software that is reliable and works efficiently on real
machines” [94]. Furthermore, Bauer explains that system engineering is a “detailed
systematic process from requirements to delivery of software” [94].

While Bauer's framework remains the basic foundation for all software
engineering, the expectations of software development have accelerated over the last two
decades. Shareholders expect corporate entities to boost productivity and improve
quality while operating within streamlined cost boundaries. In addition, Baskerville, et
al, confirms that the Internet era has introduced time to market as a critical factor when
defining successful software deliveries [13]. Combined, these elements support the
concept that requirements must be first clearly understood before software design
commences.

During software development projects, certain requirements are ad hoc or evolve.
These circumstances are due to changing environmental, political pressures,

organizational influences, and/or internal/external forces. Consistent communication



within a software development team, therefore, is vital to mitigating adverse cost,
schedule, and quality affects of unplanned or changing requirements. Regardless,
unplanned or changing requirements create problems for software developers, who are
forced to balance the cost associated with rework resulting from unexpected or changing
requirements to meet new customer demands or enhancements. Because of complexity,
this decision to re-design software usually leads to higher cost, longer project schedules,
and delivery of substandard software. To forego these problems, many corporate entities
have turned to Agile software development because of its ability to mitigate the effects of
changing requirements, increase in productivity, quality, and other factors identified as
described in Version One’s 2009 Survey [119]. The survey captured opinions of co-
located and distributed ASD teams. Version One’s survey asked organizations reasons

why they were adopting ASD.



Figure 2. VersionOne: 2009 State of Agile Survey
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As seen in the survey, time-to-market, the ability to mitigate changing priorities,
increased productivity, and enhanced quality are major reasons why companies adopt
ASD. These are very important factors for overall project success.

Scope and Limitations

The focus of the research is the analysis of the relationship between synchronous
and asynchronous communication and its effects on quality for ASD teams. An

additional relevant benefit is an exploratory view of how locality, time, language, and



proximity (co-located versus distributed) influence communication within ASD teams.
The scope of the research explains:
1. the relationship of communication techniques in ASD and impacts on
software quality;
2. how locality directly affects communications choices of ASD teams;
3. impact of frequency-of-contact among ASD teams and their choices of
communication methods;
4. impact of time differences among ASD teams and their choices of
communication methods;
5. impact of multiple primary languages among ASD teams and their choices of
communication methods;
6. impact of proximity of teams members and their choices of communication
methods.
The research data is limited to a sample population of 149 respondents from an estimated

28 countries, divided between co-located and distributed ASD teams.



CHAPTERII - LITERATURE REVIEW

Historical Perspective on Software Engineering

The Institute of Electrical and Electronics Engineers (IEEE) defines software
engineering as “the application of a systematic, disciplined, quantifiable approach to the
development, operation, and maintenance of software; that is, the application of
engineering to software” [66]. Essentially, IEEE’s characterization conveys a precise
methodology to software engineering. Historically, software engineering evolved out of
the necessity to improve complexity by providing a systematic, repeatable approach to
building software. Since the 1950s, combined hardware and software development were
deemed the sole facets for developing a system. After this period, technology and user
expectations exponentially increased. For this reason, the complexity of software
development prompted a need to separate hardware from software development. Thus,
the discipline of software engineering emerged to solve new and emerging challenges
[129].

Recently, a plethora of research, [72], [83], [130], [131], [132], [133], designed to
examine the benefits and shortfalls of Waterfall and Agile has surfaced. Both software
modeling techniques possess certain unique qualities that could be used to mitigate the
adverse effects of ever changing and evolving requirements to deliver cost efficient,
rapidly responsive and quality products. Each method proposes a systematic process to
understand essential requirements, design, code, testing and delivery of software or
systems. Nevertheless, the advances of ASD methods vary considerably from Waterfall

development.
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Plan Driven (Waterfall) Development

In 1970, Royce defined the parameters and techniques of Waterfall development
[101]. Soon after its creation, Waterfall became a de facto software development
standard for corporations, government agencies, and military organizations. The
structured systems engineering approach used in Waterfall hastened its popularity and
growth within these organizations. However, for Waterfall to be effective, all
requirements must be clearly defined before development begins. Rajlich states that
Waterfall “requires the developer first to collect the requirements that describe the
functionality of the future product, and then to create a design that will be followed
during the entire construction” [97]. Waterfall development involves a well-planned,

predictable, sequential process to software development.

Figure 3. Waterfall Development Model
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Waterfall emphasizes a systematic approach of converting requirements (through
comprehensive functional analysis, design, coding, and integration) to user functionality;
however, such actions are predicated on an all-inclusive collection of requirements. After
requirements are completely frozen, an effectual work plan facilitates the development
process and projected cost structure. Stability during the process helps normalize project
costs. Boehm states that “plan-driven methods work best when developers can
predetermine the cost requirements, while maintaining relative stability” [19]. Waterfall
development provides greater insights into cost. Generally, Waterfall development
achieves “change rates on the order are one percent per month” [19]. Nevertheless,
Waterfall has numerous disadvantages. As described by MacCormack, Verganti, and
Iansiti, such disadvantages involve the “mishandling of customer requirements, a lack of
customer feedback during development and the limited ability to change within the
process” [79]. In addition, holding requirements static has its limitations. Rajlich argues
that the “the attempt to freeze the requirements for the entire duration of the project does
not work, because the accumulation of both the external and internal changes is too large
and results in project failures” [97]. Waterfall also has difficulties in mitigating volatile
or unstable user requirements; therefore, it is often less attractive, due to these shortfalls.
Furthermore, Waterfall lacks consideration for the crucial communications necessary
between members of the development teams. Since documentation is usually very
detailed, and work packages well defined, communication within the development team
is usually one-way.

Boehm and Turner states,

“Plan-driven methods rely heavily on explicit documented knowledge.
With plan-driven methods, communication tends to be one-way.

12



Communication is generally from one entity to another rather than between
two entities. Process description, program reports, and the like are nearly
always communicated as unidirectional flow.” [18]

During Waterfall development, the impact of communication is not as critical to

produce quality software; however, responding to volatile requirements during the

development lifecycle is essential and Waterfall lacks these qualities.

Methods for Handling Unpredictable or Changing Requirements

Both Waterfall and Agile projects commence with the initial understanding of the
user’s requirements. Absent the basic understanding of these requirements, software
cannot be designed and adequately built to specifications. Because of numerous reasons,
requirements do change, and development methodologies must respond accordingly. A
well-accepted approach to mitigate unstable requirements and uncertainty is through
prototyping [17]. A 2002 survey conducted by Penn State University explains, “60% of
respondents did perform some sort of prototyping to reduce the risk of changing user
requirements” [87]. Prototyping is a risk mitigating technique and lessens the risks
imposed during development.

Prototypes combined with spiral development describe a well-accepted approach
to absorb the adverse affects of volatile requirements on cost, schedule, and performance.
Boehm describes Spiral development as “the first lifecycle method that explicitly took a
risk-driven approach to software development” [17]. Spiral development is a technique
that was formulated in direct response to evolving delivery capabilities and dynamically
changing user requirements. The strength of Spiral is the evolutionary nature of the
developmental process to deliver working prototypes and reduce risk. Through

producing software incremental, this evolutionary technique is also a defining principle
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for Agile. The evolutionary nature of Spiral and Agile allow development teams to
define or accept requirements after development begins. This concept of further defining
requirements after the development process begins is contrary to the principles of
Waterfall. Waterfall demands upfront, defined requirements before development

initiates.

Figure 4. Spiral Development [17]

Ervahate afefales
wd mplify, fmsabo feks

objocdvan,
giernalyes,

consiraims

Requirements plan
lile-cycla plan

Integration
and test
plan

Design vaiadalion
md verication

| and tes I
|Mcceptance|
|'.aa!

Feian naait phases

Agile Software Development
In the 1986 edition of the Harvard Business Review, Takeuchi and Nonaka, two
professors at the Hitotsubashi University in Tokyo, Japan, published their

groundbreaking paper entitled the “New Product Development Game”. Their paper
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argued that traditional approaches to software development are not sufficient, and a new
flexible methodology was needed for companies to be competitive [111]. Takeuchi and
Nonaka clearly understood the shortfalls and inefficiencies of Waterfall development.
They state, “companies are increasingly realizing that the old sequential approach to
developing new products simply will not get the job done.” [111]. Takeuchi and Nonaka
realized that development cohesiveness and speed to market would be the new success
factor for product development. Furthermore, Takeuchi and Nonaka declared [111],
“The traditional sequential or ‘relay race’ approach to product development...may
conflict with the goals of maximum speed and flexibility. Instead a holistic or
‘rugby’ approach—where a team tries to go the distance as a unit, passing the ball
back and forth—may better serve today’s competitive requirements.”
Moreover, their research compared software development to various activities of Rugby,
with a primary focus on scrum (the act of gathering each team on the field to move the
ball forward) in Rugby. This sports analogy became the cornerstone of their new
methodology. As presented by Takeuchi and Nonaka, this approach consists of six key
concepts:
(a) built-in instability,
(b) self organizing project teams,
(c) overlapping development phases,
(d) multi-learning,
(e) subtle control, and
(f) organizational transfer of learning [111].
Within their study, Takeuchi and Nonaka enunciated how these six comprehensive

factors applied to four specific Japanese corporations exponentially increasing their

productivity. This novel approach to software development revolutionized software
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design within these companies [111], whereas production proved most successful and
became fundamental to the foundation of Agile software development.

Takeuchi and Nonaka’s research prompted additional variations of Agile and
Iterative software development methods. As a result, this methodology evolved and
software development professionals utilized Agile concepts in risk mitigation practices.
In addition, Agile increased developer’s proficiency, allowing software to be rapidly
released in commercial markets, and improving the level of quality during development
lifecycles. These enhancements satisfied customers immensely and the adage “people
over process” from the Agile Manifesto [83] (explained later) began to quickly
reverberate through the software development community.

Another important component of Agile is iterative software development.
Larman declares that iterative advances “allows the user to instantly incorporate feedback
into the process to improve functionality” [73]. An integrated, centrally located ASD
team hastens to understand, analyze, and incorporate timely feedback into the ASD
lifecycle. Through this feedback, ASD provides development teams the flexibly to
incorporate and appropriately respond to volatile and ever-changing requirements. This
continuous feedback cycle is used to plan, design, code, and integrate new functionality
into systems and software while sustaining schedule, cost, and quality goals [73].

In ASD, co-location suggests that team members are in one singular location,
close proximity, using face-to-face communications, and informal social interaction
[106]. Proximity refers to “the physical distance between people...” [64]. Co-location
remains a key tenet of ASD. Co-location allows teams to effectively communicate and

react rapidly to changing or ambiguous requirements.
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Iterative development entails building systems or software efficiently within a
short time period [73]. The ASD process commences with the initial understanding of
user wants and desires. As user specifications evolve, the development team receives
feedback, and new features are incorporated within each short iteration. More often than
not, this process involves face-to-face, synchronous communication within ASD teams.
Larman notes, “an additional benefit of ASD is the cost reduction related to change due
to greater precision in communications within development teams” [73].

Unfortunately, ASD has its perceived shortfalls. Opponents of Agile contend that
ASD lacks adequate scaling during large projects or in distributed environments. As
Boehm [19] argues, “Agile methods are difficult to scale up to large projects, because of
the lack of sufficient architecture planning, over focusing on early results and low test
coverage.” This holistic perception of Agile is one sided. Agile relies largely on
communication between users and between developers, and within large teams, this can
prove to be challenging. Although true, in the case of BMC Software [82], Agile scaled
within a distributed development team of 92 people and satisfied 918 user requirements.
The quality achieved by BMC’s distributed ASD team (defect rate = .76) was comparably
lower than the quality realized by co-located software development teams of similar size
and scope (defect rates = 1.02) [82]. Additional research [50] indicates that dispersed
ASD teams must contend with the same challenges encountered by traditionally
distributed software development teams. These challenges invariably consist of
communication deficits, as well as the competition between cultures and organizational

norms, which routinely adds to software project failures.
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In comparison, Agile and Waterfall development have many contrasting methods,
processes, and approaches. Waterfall demands “all business needs and requirements are
defined upfront in a detailed specification document” [115]. Regrettably, the reality of
requirement change in software development defies the realism of comprehensively
defining all requirements upfront. Intrinsically, Agile methods provide rapid response to
changing requirements in hopes of producing quality software at a lower cost, with the
required functionality [73]. Nonetheless, the further into the development lifecycle of a
Waterfall project, a higher cost of change will result as described in Figure 6. Given
these parameters, the costs of change and feedback cycles are decidedly less significant

within ASD.

Figure 5. Agile Cost of Change [8]
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ASD provides continuous feedback to and from the development team and with
users. This principle of action affirms the importance of communication within the
development team and between users. The feedback received is usually incorporated into
early incremental releases of the software. MacCormack confirms that “getting a low-
functionality version of the product into customers’ hands at the earliest opportunity
improves quality dramatically” [80]. Again, continuous feedback between users and the

development team improves quality of software.

Agile and Quality

As Table 1 describes, various studies in recent years have analyzed the impact of
ASD and its influence on software quality. Many of these studies compared Waterfall to
Agile development, quantitatively measuring software quality. The analysis measured
the quality either in defect rates or in defect errors (defects/KSLOC). Additional analysis
through surveys captured the opinions of developers within development teams. Through
surveys, researchers were able to analyze software quality trends compared to various
Agile development techniques. Moreover, various surveys hypothesized and then
realized the expected quality enhancements, which were deemed achievable with
Takeuchi and Nonaka’s new approach to developing software. These Agile surveys
specifically indicate that quality and other relevant factors conducive to quality increases
with the implementation of Agile development methods.

Table 1 presents a compilation of findings from Agile Quality Surveys. The table
lists the survey ID, the year the survey was conducted, the source of the survey, main

findings, method, and number of participants.
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Table 1. Agile Quality Surveys

ID | Year | Source Findings Method
o) 1o: . . . .
HAR98 1998 | Harvard (MacCormack) 38% higher quality associated with more design effort Survey 29
50% higher quality associated with iterative development
Shine Technology o . .
SHI03 2003 (Agile Methodologies) 88% reported quality was better or significantly better Survey 131
Ambysoft (Agile o . . .
AMBO06 2006 Adoption Rate) 44.5% report much higher or somewhat higher quality Survey 4235
AGI06 2006 Agile Journal 43% reported improvement in quality Survey 400
VERO06 2006 Version One 17% increase in quality Survey 722
UMUOQ7 2007 UMUC (Rico) 80% reported improvement in quality Survey 250
MICO7 2007 Microsoft 32% reported improvement in quality Survey 492
57.3% reported reported a success rate of 75% or more for co-
AMBO7 2007 Ambys_oft(Aglle located teams Survey 476
Adoption Rate) 37.1% reported a success rate of 75% or more for teams that are
not co-located
VERO7 2007 Version One 17% increase in quality Survey 1,681
. o . . . .
AMBO8 2008 Ambys<_)ft (Agile 73.4% much higher or somewhat higher quality for all agile Survey 492
Adoption Rate) teams
62% report that synchronous communication was very effective
. L . o Survey
Ambysoft (Aeil or effective method of conveying information within the team
AMBBO8 | 2008 mbysoft (Agile 248
Practices & Principles) o .
48% report that synchronous communication was very effective
. L . . Survey
or effective method of conveying information within the team
SEAO8 | 200 | Scarchsoftwarequality § o, o i ved fewer dofects Survey 47
(Agile Trends)
Dr. Dobbs Journal o . . .
DRDO8 2008 (Project Success 324) report :}glle methods were very effective or effective to Survey 191
deliver quality
Survey)
Version One (Stafe of o . . .
VERO08 2008 Agile Development) 68% reported improvement in quality Survey 3061
WOLO08 2008 Wolf & Roock 74% increase in quality Survey 200
VERO09 2009 Verslon One (State of 64% faster time to completion Survey 2750
Agile Development)

In the past, survey research confirmed the contention that Agile development can
increase the quality levels of the software produced. In 1998, MacComack’s [HAR9S]
Agile survey examined the overall quality results of Agile and Waterfall development
projects. The survey reported 50% higher quality in products produced and a 38%
increase in higher quality associated with the entire design effort. Furthermore, Shine
Technology [SHIO3] polled 131 software developers regarding the quality of output
produced from Agile methods in comparison to traditional (Waterfall) methods. Survey

participants report an 88% increase in overall quality of the final product produced. Scott
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Ambler hosted a variety of Agile surveys, namely [AMBO06] and [AMBS], which
reported a 44.5% and 73.4% increase, respectively, in the quality of software. Other
surveys illustrated an increase in quality [ VERO08], fewer defects [SEAO0S], faster time to
completion [VERO06], [VER09] and higher success rates [AMBO07]. In the surveys
examined, a direct correlation to increased quality of software was attributed to Agile
development. Moreover, the surveys substantiated the rule that quality is a key
differentiator and crucial variable in the measurement of success.

To bolster these findings, Dr. David Rico presented results of additional studies
(case and experiments) examining research on Agile development and the resultant
quality. The majority of the research compared Agile methods with other methods of
software development or observations. According to Rico, the overall summary range of
Agile quality improvement from ASD projects examined, noted in Table 2, was between

17% (low) to 250% (high) with a median value of 84% [100].
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Table 2. Agile Quality Case Studies & Experiments [100]

Source- Authors

Findings (Quality

Increase)
WIL93 1993 Wilson, Hoskin, & Nosek 38% Experiment 34
NOS98 1998 Nosek 36% Experiment 15
NAWO1 2001 Nawrocki & Wojciechowski 15% Experiment 21
WILO1 2001 Williams 15% Experiment 41
GEO02 2002 George 16% Experiment 138
GEO03 2003 George & Williams 18% Experiment 24
HEIO3 2003 Heiberg et al. 16% Experiment 100
KAUO03 2003 Kaufmann & Janzen 50% Experiment 8
MAX03 2003 Maximilien & Williams 50% Case Study 9
MCDO03 2003 McDowell et al. 27% Experiment 555
PANO3 2003 Pandey et al. 40% Experiment 10
WILO03 2003 Williams et al. 16% Experiment 575
WILO03 2003 Williams, Maximilien, & Vouk 40% Case Study 14
BAC04 2004 Back, Hirkman, & Milovanov 87% Experiment 8
DRO04 2004 Drobka, Noftz, & Raghu 63% Case Study 29
GEO04 2004 George & Williams 18% Experiment 24
1IL104 2004 Ilieva, Ivanov, & Stefanova 13% Experiment 8
LAY04 2004 Layman 48% Case Study 21
MANO04 2004 Mann 81% Case Study 7
SAF04 2004 Saff & Ernst 16% Experiment 39
AL-05 2005 Al-Kilidar et al. 13% Experiment 121
HULOS5 2005 Hulkko & Abrahamsson 46% Case Study 18
MENO05 2005 Mendes, Al-Fakhri, & Luxton-Reilly 10% Experiment 300
MULO0S5 2005 Muller 29% Experiment 38
SCHO5 2005 Schatz & Abdelshafi 30% Case Study 90
SCHO05 2005 Schatz & Abdelshafi 75% Case Study 90
VANO5 2005 Vanhanen & Lassenius 42% Experiment 20
BHAO06 2006 Bhat & Nagappan 71% Case Study 12
CANO06 2006 Canfora et al. 20% Experiment 70
DAMO6 2006 Damm & Lundberg 56% Case Study 100
FIT06 2006 Fitzgerald, Hartnett, & Conboy 700% Case Study 45
MADO06 2006 Madeyski 14% Experiment 188
MCDO06 2006 McDowell et al. 27% Case Study 486
MEL06 2006 Melis et al. 36% Case Study 4
MULO06 2006 Muller 11% Experiment 18
PHO06 2006 Phongpaibul & Boehm 34% Experiment 104
VANO06 2006 Van Schooenderwoert 89% Case Study 4
XU 06 2006 Xu & Rajlich 21% Experiment 12
ARIO7 2007 Arisholm et al. 23% Experiment 295
CANO7 2007 Canfora et al. 39% Experiment 18
MADO7 2007 Madeyski & Szala 45% Case Study 1
MULO07 2007 Muller 50% Experiment 21
SANO7 2007 Sanchez, Williams, & Maximilien 40% Case Study 17
ABRO7 2007 Abrahamsson 250% Case Study 1,800
BIP08 2008 Bipp, Lepper, & Schmedding 62% Experiment 95
COHO08 2008 Cohn 71% Case Study 7
JANOS 2008 Janzen & Saiedian 34% Experiment 64
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Table 2 provides empirical data that analyzed the relationships between quality
and ASD. These investigations allow observations and the ability to manipulate certain
variables. Overall, the case studies and experiments provide insights into actual, concrete
behaviors in real-life scenarios and the opportunity to understand the influence of Agile
and the complementary effect on quality in software development. Each survey or
experiment specifically isolated the impacts of quality and showed (on average) an 84%
increase in quality. As described in the “findings” column of Table 2, ASD is a software
development method which has the ability to achieve quality results.

As discussed, some requirements are unexpected or unplanned. This instability
leads to uncertainty for software developers. Often, software developers face the
challenges of managing efficiency while attempting to deliver quality software that meets
original requirements. When requirements change during the development cycle, this
situation creates a problem for developers in balancing cost, schedule, and performance
factors. Despite this, ASD counters this condition through understanding, analyzing, and
immediately prioritizing and re-prioritizing new and emerging requirements within the

development team to produce high quality, defect free software.

Agile Manifesto and Principles

Developed in the early 2000s, the Agile Manifesto [83] remains the cornerstone
document for the ASD method. Software developers outlined the manifesto with twelve

principles as follows:

1. Our highest priority is to satisfy the customer through early and continuous

delivery of valuable software.
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2. Welcome changing requirements, even late in development. Agile processes
harness change for the customer's competitive advantage.

3. Deliver working software frequently, from a couple of weeks to a couple of
months, with a preference to the shorter timescale.

4. Business people and developers must work together daily throughout the
project.

5. Build projects around motivated individuals. Give them the environment and
support they need, and trust them to get the job done.

6. The most efficient and effective method of conveying information to and
within a development team is face-to-face conversation.

7. Working software is the primary measure of progress.

8. Agile processes promote sustainable development. The sponsors, developers,
and users should be able to maintain a constant pace indefinitely.

9. Continuous attention to technical excellence and good design enhances agility.

10. Simplicity--the art of maximizing the amount of work not done--is essential.

11. The best architectures, requirements, and designs emerge from self-organizing
teams.

12. At regular intervals, the team reflects on how to become more effective, then

tunes and adjusts its behavior accordingly [83].

Among other things, the Agile Manifesto clearly promotes frequent, person-to-person,
synchronous communication. As Boehm and Turner previously discussed [ 18], Waterfall
communication channels are one-way, but Agile depends on a collaborative, inclusive

communication approach within all phases to produce quality software. Frequent, face-
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to-face communication of tacit knowledge and instructions are important to the

fulfillment of the Agile Manifesto resulting in successful delivery of software.

Agile Methods

Abrahamson et al. observed that Agile development techniques are “a group of
methods based on the notion of flexibility and adaptability” [1]. The two basic tenets of
Agile Software Development require “unforgiving honesty of working code and the
effectiveness of people working together with goodwill” [63]. These two cornerstone
concepts are the basis for all Agile development methods. As noted in Figure 7, ASD
encompasses four key process areas: cycle 0 (release and sprint planning), development
cycles (design and code, integration and test, scrum), release (retrospective), and
production [401]. During cycle 0, the project initiates draft architecture, requirements
modeling, and team formation. Next, the developmental cycle encompasses the essence
of ASD, as it collaboratively incorporates requirements, design and code, and integration
and test components. The software is then released, and based on the timing within the
overall product developmental cycle; the work package may be used as the foundation for
additional iterations. In any event, once each software iteration is completed, the

increment may be prepared for production.
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Figure 6. Agile Development Lifecycle [401]
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Highsmith, an original signatory of the Agile Manifesto, defines ASD as a
“strategic capability, a capability to create and respond to change, a capability to balance
flexibility and structure, a capability to draw creativity and innovation out of a
development team, and a capability to lead organizations through turbulence and
uncertainty” [62]. The definition and objective of Agile is consistent within each Agile
technique, even as multiple variations of ASD exist. In 2006, Scott Ambler’s Agile
Adoption Rate Survey ranked in order the most popular forms of Agile. Within the
survey, participants (N=4923) identified the following Agile methods (most popular to
least popular) which organizations have adopted. The Agile methods are:

e Extreme Programming (XP) - (23%) respondents,

e Feature Driven Development (FDD) (12%) respondents,
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e Scrum (11%) respondents,

e Agile Unified Process (AUP) (5.3%) respondents,

e Agile Microsoft Solution Framework (4.7%) respondents,

e Crystal Clear (2.2%) respondents,

¢ Dynamic Systems Development Method (DSDM) (0.6%) respondents.
Each Agile method embodies the key characteristics of ASD, and provides various
methods of continuous communication feedback within the development teams to absorb

unplanned and unpredictable requirements.

Extreme Programming (XP)

Extreme Programming is an ASD method derived from a very simplistic
collaborative principle. XP gathers the “whole team together in the presence of simple
practices with enough feedback to enable the team to know where they are and to tune the
practices to their unique situation” [76]. XP emphasizes four distinct ideas:
communication, simplicity, feedback, and courage. It also stresses four activities: coding,

testing, listening, and debugging [14].
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Figure 7. XP Practices and the Circle of Life [76]
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XP is closely aligned to pair programming. As noted in previous studies, the key
to pair programming is constant communication between developers, which poses
continual obstacles for distributed ASD teams. Schummer notes the disadvantages of
distributed XP teams compared to co-located XP teams. He states, “if communication
within the team is hindered; team members are less aware of each other; and common
access to physical objects and places is difficult” [104]. Yap also notes the importance of
communication within distributed XP projects [126]. Yap examined an XP project in
three geographically distributed areas: the United States, United Kingdom, and
Singapore. Yap highlighted communication, cultural differences, geographic distance,
and technical issues that were encountered [126]. To alleviate the communication
challenges, the organization employed XP coaches initially to facilitate synchronous,

face-to-face communication within the geographically distributed development teams.
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After gaining the trust of team members, the coaches returned to their respective
locations and continued the project with a combination of learner synchronous and richer
asynchronous communication [126]. The projects achieved overwhelming success.
Similar to other Agile methods, distributed XP ASD teams also must systematically

overcome communication challenges to be effective.

Feature Driven Development (FDD)

Feature Driven Development is an Agile technique that combines the flexibility of
Agile principles and modeling. Jeff De Luca developed FDD. De Luca defined five
process steps for FDD:

B Develop an Overall Model;

B Build a Features List;

B Plan By Feature;

B Design By Feature;

B Build By Feature [92].

The five process steps are integrated to ensure Agile methods are incorporated within the
project. During the development and overall model processes, team members are first
provided with an abstract overview objective for the project [96]. After the proposed
models are developed, the team members select the model that adequately fits their
particular design goals. During the development build, the team identifies the necessary
features and functionality to support the user’s requirements. Once the requirements are
clearly defined, team members are divided into teams by domain expertise around the

feature set. Plan by feature entails the establishment of a prioritized order under which
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each feature will be built and implemented. This sequential process provides a logical
observation of business activities to achieve the system functionality [96]. Next, the
design by feature process defines the activities that will be composed in each design

package.

Figure 8. Feature Driven Development
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The design for the system or product is created through each feature. Developers are then
commissioned to create classes and methods for each activity [96]. After successful
examination during design and inspection, code promotion occurs. FDD is a continuous,
integrated, Agile development technique used to produce quality and maximize customer

satisfaction through fulfillment of requirements.
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Scrum

As an extremely well understood and accepted Agile method, Scrum is a
“management, enhancement and maintenance methodology for an existing system or
production prototype” [105]. Jeff Sutherland and Ken Schwaber, signatories of the Agile
Manifesto, developed the Scrum Agile method. Scrum is also closely aligned to
Takeuchi and Nonaka “new product development” research. Scrum is both considered an
Agile method, and Agile process within the method. Schwaber describes Scrum as a
“lightweight process used to manage software development processes through iterative
and incremental practices” [105]. Schwaber further comments that “Scrum provides
empirical management and control to manage complex projects using inspection and
adaptation to attain the project’s goals” [105]. Scrum is a collaborative and
communication centric software development method. As such, key principles of Scrum
are “keep everything visible and engage everyone in identifying and alleviating
obstacles” [106]. Schwaber defines essential concepts for the Scrum method as “self-
managed teams, sprint planning meetings, backlogs, sprints, daily Scrum meetings, sprint
review meetings and the Scrum-of-Scrums meetings” [105]. As with many Agile
methods, product changes or enhancements are added to a backlog. Once requirements
in the backlog are analyzed and prioritized by the development team and users, the urgent
enhancements are moved to the top of the queue. The product owner is closely involved
in the process to confirm or deny the implementation of new features into sprints, which
typically last for 2-4 weeks. A complete product version is composed of a series of
sprints. Unlike the Waterfall process, scrum iteratively overlaps the requirements,

design, code, and test processes as illustrated in Figure 9..
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Figure 9. Waterfall versus Iterative Lifecycle Development [77]

As with all Agile software development processes, the scrum method commences
by adding “user stories” (requirements) to the product backlog. The key activities during
this stage of development involve high-level design and architecture for the product.
During collaborative communication sessions, the development team establishes an
architectural design for the product, and the sprint planning process follows. During the
sprint planning cycle, the customer and developers jointly analyze the sprint backlog and
prioritize the most urgent features and functionality for incorporation into the sprint.
Once the new features or enhancements are identified, the developers jointly estimate the
effort needed to plan, design, and deliver the new features in the product within the
sprint’s time period.

During the sprint, the development team designs, codes, integrates, and tests the

software. As the team improves the project’s velocity (performance speed), the option is
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available to pull additional items from the product backlog. Daily, the development team
performs a scrum meeting to discuss work achieved, challenges, and possibly re-examine
estimates regarding further work. The scrum sessions are important communication
mechanisms to synchronize the development team. Documentation is extremely limited,
which necessitates that the communication done within the scrum sessions must be
comprehensive. Furthermore, effective sharing of information among all team members
is vital. Traditionally, communication is face-to-face with all development team
members. During the scrum session, three simple questions are posed:

e What did you do yesterday?

e What are you going to do today?

e What are you going to do tomorrow?.
This continual evolution of designing, coding, integrating and testing occurs until the
sprint is completed. Outside the daily scrum sessions, the development team
collaboratively engages in communications about product design, coding techniques,
integration, and test procedures. It is crucial to note that no requirement changes can be
introduced after a sprint commences. Upon completion, a sprint review is conducted,
some documentation is completed, and a retrospective is performed. During the
retrospective, the development team discusses challenges, successes, and other items to
enhance future performance. The end product result of this phase (and each sprint) is
fully functioning software. To successfully integrate and complete the entire process, the
development team must uniquely approach each activity and phase. Particularly in
distributed environments, varying degrees of communication mediums ensure that the

correct messages are transmitted and received, thus resulting in higher quality and fewer
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defects in software products. Since requirements, customer demands and expectations
are constantly changing, communication between the development team during each
phase is critical.

Through the utilization of scrum, each phase and individual activity within the
Agile development lifecycle is important and concatenated with the other phases. As
expected, each phase of development is linked and must be accomplished iteratively in
the sprint for effective results. After the sprint review, the new features or enhancements

should produce a potentially shippable product.

Figure 10. Scrum process [38]
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Agile Unified Process (AUP)

Scott Ambler developed and published the Agile Unified Process (AUP). AUP is

a pared down translation of the Rational Unified Process (RUP) using Agile techniques.
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AUP centers around two iteration types: development release and production release.
Using a modeling approach, the development releases are a series of preproduction
software iterations. As releases are consolidated, they are grouped into developmental
releases and production releases. The production release is composed of functioning
software ready for consumption by users. Ambler also identifies four stages of AUP

development:

1. Inception - identifies the initial scope of the project, potential systems
architecture, and obtains initial project funding and stakeholder acceptance

2. Elaboration - demonstrates the architecture of the system

3. Construction - builds working software on a regular, incremental basis, which
meets the highest-priority needs of project stakeholders

4. Transition - validates and deploys the system in a production environment [5]

Guiding principles govern AUP development. As an Agile modeling method, AUP is not
prescriptive, but provides guidance for software developers. Ambler identifies seven

principles of AUP:

e Model - understanding the organizational business process, the problem
addressed by the project, and identifying a solution to address the problem

o Implementation — converting the developed model into software and
providing unit testing

e Test —evaluating product quality and verifying that user requirements are
satisfied

e Deployment - planning execution and delivery of the system to the end users
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o Configuration Management — used to manage software project artifacts

e Project Management — managing the entire project lifecycle with specific
emphasis on cost, schedule, and performance

e Environment — supporting the building of standards and guidelines to include
hardware, software and ensuring that networking is available for the software

development team [5]

Following the standard system engineering process, AUP approaches the
development of software through four phases. Each phase offers an emphasis on the

development step.

Figure 11. Agile Unified Process [5]
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Crystal Clear

Developed by Alistair Cockburn, another original signatory of the Agile

Manifesto, Crystal focuses on people and communication. Crystal adjusts to fit the

36



development environment, and adds flexibility to the degree of rigor needed for
successful implementation [33]. The three Crystal Agile methods are: Crystal Clear,
Crystal Orange, and Crystal Orange -Web [33]. As defined by Cockburn, the principles
of Crystal include:

e Incremental development cycles with lengths of three to four months

e Incremental delivery on a regular basis

e Progress tracking by milestones based on software deliveries and major

decisions, rather than written documents

e Direct user involvement

e Automated regression testing of functionality

e Two user viewings per release

e  Workshops for tuning products and methodology at the beginning and in the

middle of each increment [33]

Crystal ASD derives its name and characteristics from the degree of color and hardness
of variations. Crystal development directly responds to a project’s size and criticality
[33]. A larger amount of people on a particular ASD project is classified as “darker” due
to the amount of communication and coordination needed. With Crystal ASD, the team
has the ability to adjust to meet business and communication needs. In general, while
Crystal Clear is designed for small projects with team sizes at six developers, Crystal
Orange is used for project sizes of up to forty developers. As Abrahamsson notes,
Crystal ASD does not “support distributed development and is relegated to only

supporting co-located ASD” [1].
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Figure 12. Dimensions of Crystal Methodologies [1]
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Dynamic Systems Development Method (DSDM)

DSDM is an ASD framework, which allows rapid application development
(RAD) of software and IT systems. DSDM is a descriptive, high-level process that
allows development teams to tailor work artifacts to meet the needs of the project.
DSDM explains certain processes to include: “project management, estimating,
prototyping, time-boxing, configuration management, testing, quality assurance, roles,
responsibilities (of both users and IT staff), team structures, tool environment, risk
management, building for maintainability, reuse and vendor/purchaser relationship in the
RAD environment” [109]. The methodology of DSDM is characterized through nine
principles:

1. Active user involvement is imperative;

2. DSDM teams must be empowered to make decisions;
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The focus is on frequent delivery of products;

Fitness for business purposes is the essential criterion for acceptance of
deliverables;

Iterative and incremental development is necessary to converge on an accurate
business solution;

All changes during development are reversible;

Requirements are base-lined at a high level,

Testing is integrated throughout the lifecycle;

A collaborative and cooperative approach between all stakeholders is essential

[109].
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Figure 13. DSDM Process Diagram [109]
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Lean Software Development (LSD)

Lean Software Development (LSD) is an Agile method derived from the
manufacturing industries’ lean manufacturing. As with lean manufacturing, LSD is a
defined framework without actual ASD artifacts. Mary and Tom Poppendieck developed
seven principles of LSD from Robert Charette’s twelve principles of Lean Development

[88]. The seven principles, as defined by Poppendieck are:.

e Eliminate waste
e Create knowledge (amplify learning)

e Defer commitment (decide as late as possible)
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e Deliver fast (deliver as fast as possible)

e Respect the team (empower the team)

¢ Build quality in (build integrity in)

e Optimize the whole (see the whole) [93]

Table 3. Lean Software Development Techniques [93]

Principles

Technigques

Comments

Eliminate Wasta

Seeing Waste

Walue-Stream Mapping

Learn to identify, then eliminate, waste from
development activities.

+ Zxira feature

¢ Defecls

¢ Task switching
«  Waiting

+ Inventory

Develop value-stream maps to identify wasteful
activites and bottlenecks. Look for where you can
add maore value.

Amplify Learning Feedback Use feedback to validate preject direction and
reduce unnecessary activities using the system
(such as documentation).
ltcrations Enablcs quick feccback, positive reinforccment

and carly busincss-casc rcalization.

Synchronization

Synchronization builds teams. Use advanced
team to pilot across multiieam features and
senvicas.

Set-Based Developmant

For difficult choices, develop multiple (sel) options
(prototype) and merge the best features.
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Principles

Techniques

Comments

Decide as Late as
Possible

Options Thinking

Take an adaptive approach, keeping your options
open and aveiding unnzcessary decision effort.

The _ast Responsible
Moment

Reduce impact of change by deciding as late as
possible, but stillin a timely manner.

Making Decisions

Simple rules, trust intuiive decision. and use
rational and analytical techniques in new domains.

Deliver as Fast as
Possible

Pull Systems

"Kanban" (Japanese for "card” or "signal"] lets
work units be pulled through the process and lets
teams decide when.

Queuing Theory

Undzrstand your cycle times, work arrival rates
and bottlenecks. Work to remove constraints.

Cost of Delay

See delays in business terms, lost revenue and
missed opportunities. Ealance technical return on
investment against businesses in profit and loss
terms.

Empower the Team

self-Determination

Let individuals and teams identity the best practice
and team structure to achieve the goal in the most
efficient way.

Motivation

Give the team achievable goals with clear
explanations. Buld competence and team spirit.

Leadership

Competen:, experienced, motivated individuals
with good soft skills will gain the respect of the
team. Encourage leadership over imposed
dulhwrily.

Expertise

Develop individual and community expertise to
grow knowledge and provide advantage.

Build Integrity In

Perczived Integrity

Understand how the solution will be received by
the end-user community. What does quality and
integrity mzan to them?

Conceptual Integrity

Ensure the solution components wark well
together with compatible concepts and
architecturs.

Refactoring

Understanding refactoring is not a waste_Itis a
necessary part of growng solution knowledge and
solution flexibility.

Testing

Use test-driven methoos to provide end-product
quality anc remove process deficiencies.

See the Whole

Measurements

Measure to optimize from a business perspective,
not just a tzchnical or project management
perspective.

Contracts

Explore shared benefits, and target schedule
contracts to optimize agile benefits.

Advantages and Disadvantages of Lean Software Development

As described by Gartner, LSD offers defined advantages and disadvantages.

Advantages include:




e Strategy improvement that can be applied to established software
development project lifecycles.

e Principles enable incremental improvement, removing process constraints,
and improving cycle times.

e LSD can be used in non-development functions, such as architecture and
operation.

e LSD can be applied throughout the development life cycle, from business
analysis to maintenance.

e LSD can be used as a stepping stone to more Agile techniques, such as XP.

e LSD can be used as a wider business and IT improvement program based on
lean thinking [88].

Gartner defined disadvantages of LSD as following:

e LSD is not an out-of-the-box method and needs tailoring for each
environment, which requires skill and expertise.

e LSD requires considerable organizational and process changes to be effective.

e Organizations with a command-and-control structure will find the transition
difficult.

e Without the correct measurement and reporting process, LSD can be difficult
to show the true benefits to the organization.

e Organizations that are siloed or have strong functional boundaries may find
these techniques difficult because of political infighting or poor consensus on

the benefits of lean [88].
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Clearly, as an Agile development method, LSD provides a framework to mitigate
unpredictable and changing user requirements, while emphasizing communication and
maintaining Agile principles.

In summary, and illustrated in Figure 14, the most popular variations of ASD
have distinct differences for achieving the principles, processes, and practices of Agile,
but a common thread is the need for frequent, continuous, face-to-face communication
among the development team [5],[33],[76],[88],[92],[93],[109]. This element is a
foundational principle of Agile and supports the ability to absorb changing and unplanned

user requirements.
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Figure 14. Summary of Practices and Processes of Agile Methods
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Co-located and Distributed Software Development

In 2007, the Association of Computing Machinery (ACM) cited seven reasons
information technology organizations are outsourced to distributed/offshore development
teams. These reasons include:

1) technological improvements in the telecommunications infrastructure;

2) software tool standardization;

3) influence from other leading organizations;

4) better education in low cost countries;

5) low capital barriers;

6) the occurrences of returning expatriates from more advanced countries;

7) the prevalence of global trade [10].
Given these reasons, many companies are continuing their pursuit of off-shoring/global
software development and increasing the use of distributed teams. This situation creates
a very untraditional avenue for clear and concise communication within these
organizations. Consequently, co-located and distributed teams face differing
communication challenges. Co-located teams are usually in one location and have the
ability to send and receive messages, adding additional physical or visual context within
the development team to maximize richness of communication. In Table 4, Olson and
Olson [90] describes the characteristics of co-located synchronous interaction. These
interactions improve the ability of co-located software teams to communicate and

correctly interpret messages.
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Table 4. Key Characteristics of Co-located Synchronous Interactions [90]

Characteristic

Description

Implications

Rapid feedback

As interactions flow, feedback is as
rapid as it can be

Quick corrections possible when
there are noticed
misunderstandings or
disagreements

Multiple channels

Information among participants flows
in many channels -- voice. facial
expressions, gesture, body posture, etc.

There are many ways to Convey a
subtle or complex message; also
provides redundancy

Personal information

The identity of contributors to
conversation is usually known

The characteristics of the source
can be taken into account

Nuanced information

The kind of information that flows is
often analog or continuous, with many
subtle dimensions (e.g.. gestures)

Very small differences in meaning
can be conveyed; information can
easily be modulated

Shared local context

Participants have a similar situation
(time of day. local events)

A shared frame on the activities;
allows for easy socializing as well
as mutual understanding about
what’s on each others’ minds

Informal “hall” time
before and after

Impromptu interactions take place
among subsets of participants upon
arrival & departure

Opportunistic information
exchanges take place, and
unportant social bonding oceurs

Co-reference

Ease of establishing joint reference to
objects

Gaze and gesture can easily
identify the referent of deictic
terms

Individual control

Each participant can freely choose what
to attend to, and change the focus of
attention easily

Rich, flexible monitoring of how
all of the participants are reacting
to whatever is going on

Implicit cues

A variety of cues as to what is going on
are available in the periphery

Natural operations of human
attention provide access to
important contextual information

Spatiality of
reference

People and work objects are located in
space

Both people and ideas can be
referred to spatially; “air boards”™

On the other hand, geographically distributed teams face additional obstacles, including:

1) physical distance;

2) overlapping working time;

3) cultural and language differences[108].

In many cases, these obstacles are significant and are monumental to overcome. Other
researchers have documented further challenges [15], [23], [25], [26] affecting
communications within software development projects. Common challenges include
culture, coordination, trust, language, feedback, leadership, and various other factors.
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In addition, physical distance creates delays in feedback for development teams.
This lack of communication usually results in adverse effects on distributed teams. The
results of a survey conducted by Herbsleb and Mockus to explore delays in software
development suggests that distributed teams take approximately two and one-half times
as long to complete comparable projects as does co-located team [61]. Carmel identifies
his “five centrifugal forces” [26] that can potentially derail global software projects:

e [ oss of communication richness;

e (Coordination breakdowns;

e Geographic dispersion;

e (Cultural differences;

e Loss of “teamness”.
These risk factors align closely with distributed, rather than co-located software
development. Carmel further explains that distance is the key factor that differentiates
distributed and co-located teams [26]. All things considered, Carmel concludes that the
most “intuitive approach for alleviating distance is to apply communication technologies”
[25]. In comparison, Bird’s research on the distributed development cycle of Windows
Vista, confirmed that communication was “the single most referenced problem in
globally distributed development” [15]. Proper communication techniques can help
alleviate, not eliminate, various challenges faced by distributed software development
teams. As expected, approaching distributed software development is significantly
different from planning activities with co-located teams. Because of various global
influences and communication factors, Bird, et al. [15] indicates that “distributed

software development is riskier than co-located development.” Nevertheless, when
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examining the post-release failures developed by distributed, in comparison to co-located
teams, he concludes that there was little difference between each team’s final failure rates
for their component of the product. Bird contributed the success of the Windows Vista
project to:

e Positive relationships between distributed sites;

e Overcoming cultural barriers through trust;

e Heavy use of daily synchronous communication;

e Consistent use of similar tools across all teams;

¢ End-to-end ownership by all team members;

e Common schedules and deadlines;

e Organizational integration [15].

Another example of distributed development achieving similar results, as co-
located development was BMC’s distributed ASD project [82], Performance Manager
Release (PMR) 2.3. BMC strategically decided to quickly enhance and consolidate their
flagship product in hopes of increasing future revenues by decreasing the time required to
move products into the market. BMC'’s first expected delivery of the products was within
one year of this decision. BMC decided to use Scrum ASD methods to meet its goals. In
addition, BMC was determined to use a non-traditional Agile best practice to accomplish
this feat (distributed development teams). BMC used a large, distributed ASD team
consisting of 92 people. BMC’s team was dispersed throughout three countries, six

locations and over eleven time zones.
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Table 5. Distributed Location & Time Zones

- Austin, TX | Tel Aviv, Israel :
Silicon Valley, CA Houston, TX | Tel Haifa, Israel

The BMC case study analyzed BMC’s Performance Manager Release 2.3. BMC

developed PMR using Scrum methods across six distributed locations with time
differences as much as 11 hours. The project yielded over 837,375 lines of new and

modified code [82]. Additional project statistics are in Table 6.

Table 6. Vital statistics of BMC’s Performance Manager Release 2.3 [15]

Distributed Agile Teams 6
Persons on deve-lopment team 92
Months to Complete 5.5 months
Number of Iterations 11
Iteration Length 2 weeks
User stories (requiFements) 918

Face-to-Face (H), Video Teleconference
(HM), Teleconference/Phone/Skype/Instant
Messenger (M), Podcast/Recorded
Webcast/Web-based Tracking Tool (ML),
Email/Documentation/Wikis (L)

Communication Mediums

BMC’s project statistics were compared through defect rates and KSLOCs for
similar sized Waterfall projects. The comparison data was coalesced from the Cutter
Consortium and QSM Associates [82]. QSM develops and maintains a database of 7,500
completed software projects. This data consists of productivity statistics and trends for
cost, scheduling and quality for worldwide software projects. Table 7 displays the defect

rates and KSLOC for BMC’s Performance Manager Release 2.3 distributed ASD project.
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As noted, BMC’s Performance Manager Release 2.3 project was below industry average

for Waterfall projects of similar size and scope.

Table 7. Defect Rates & KSLOC

Proiects Code Size Pre-release  Defect Rate
) (KSLOC) Defects  (Defect/KLOC)
Performance Manager Rel 2.3 837 635 0.76
QSM Industry Average
(Waterfall) 700 713 1.02

Table 7 describes lines of code for Performance Manager Release 2.3, pre-release
defects, and defect rates for final full integration and regression testing. In addition, the
table shows the industry’s average lines of code, pre-release defects and defect rates for
co-located Agile projects in QSM’s database [82]. Equally important, BMC’s
Performance Release Manager 2.3 was a large distributed ASD project that yielded
quality results better than the industry average for similar sized Waterfall projects.
Moreover, BMC used a lower average of synchronous communication and a higher
average of asynchronous communication throughout their six month distributed ASD
project [21], [78]. As Figure 15 displays, the higher the numeric value (1-5) within the
four phases of BMC’s Performance Management Release 2.3 software lifecycle, the
richer the communication medium (5=face-to-face, 4=video teleconference, etc) used
during that particular phase. Thus, on average, richer communication techniques were
used during Phase I and II. However, these finding support the hypothesis that leaner,
asynchronous communication techniques throughout the four phase of the Agile lifecycle

yielded quality results similar and/or below industry averages of Waterfall projects.
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Figure 15. BMC's Communication Techniques

Face-to-Face (5), Video Teleconference (4), Teleconference/Phone/Skype (3), Podcast/Recorded
Webcast/Web-based Tracking Tool (2), Email/Documentation/Wikis (1)

H (5), HM (4), M (3). ML (2), L (1)

Phase | Phase Il Phase llI Phase IV

Iteration 0 5 N/A N/A N/A
Iteration 1 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 2 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 3 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 4 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 5 5,1 5,3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 6 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 7 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 8 5,1 5,3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 9 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 10 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3
Iteration 11 5,1 3,2 1,3,3,3,3,1,1 3,3,1,1,2,3

Average 3.17 2.65 2.14 2.16

In another study, Barkhi et al. [11] acknowledges that “virtual and distributed
teams experience substantial communication and coordination problems if not properly
monitored and managed.” Although true, successful virtual and distributed teams can
still work effectively despite the reliance on leaner, asynchronous communication media
as demonstrated by BMC Performance Manger Release 2.3 [82]. However, Barkhi’s
study analyzed the communication processes of four undergraduate students
collaborating on a software project. Two students were at one location (East Coast
United States) and the other two were at a distributed site (Midwest United States).
Qualitative data was collected on how different types of team structures were formed
prior to the grading of the final software project. The study measured collaboration
between co-located and distributed members, the breakdown in communication, the
blame shift behavior, the perceived difficulty of coordinating work and satisfaction [11].
The results suggest that the use of leaner communication media presents more

coordination difficulty in comparison to face-to-face teams [11]. Equally important, the
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authors note that virtual and distributed teams can be “successful if they resolve
ambiguity issues, reduce equivocality, establish roles and identities and take collective
action” [11]. Without a doubt, there are distinct differences between co-located and
distributed software development. Yet, if these challenges are properly mitigated,
distributed software development can be as efficient as co-located development in
achieving quality. This opinion is supported by two studies that found distributed and
virtual teams actually communicated more frequently than co-located teams [51], [56].
Each of these teams achieved significant success, and communicated as much as or more

than co-located teams.

Synchronous and Asynchronous Communication

Various researchers have examined the effectiveness of face-to-face
(synchronous) communication compared to traditional computer-mediated
(asynchronous) forms of communication within software development teams. The span
of research provides a mixture of results. Through a compilation of research, DeRosa et
al. concludes that teams using asynchronous communication tend to be “less productive
and less satisfied than teams that use face-to-face (synchronous) communication” [48].
Cramton and Webber performed a study of 218 members of 39 software development
teams. Their results indicated that geographically distributed teams are “negatively
aligned to inefficient and ineffective work processes and achieved lower performance
than synchronous, co-located teams” [39]. In agreement, De Pillis and Furumo [47]
document that distributed teams demonstrate “significantly lower performance,
satisfaction and positive results” than co-located. De Pillis and Furumo analyzed overall

performance and group dynamics attributes of virtual, distributed, and face-to-face teams.
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They randomly selected 201 university students. The design of the study assigned
students to either virtual or face-to-face three person teams. Students were required to
collaborate and share information either through synchronous or asynchronous means.
At the end of the study, qualitative and quantitative data was collected on the contact
frequency, hours spent and worked, trust, final project accuracy, quality and timeliness.
In this investigation, results specify that distributed teams reported “significantly higher
individual contributions indicating their utilization of more time and effort than their co-
located colleagues”, but achieved lower performance results [47]. McDonough et al.
conducted a survey of 103 firms to understand the variation between co-located, virtual,
and distributed teams. The survey identified 54 firms that were currently using or
recently used globally distributed teams to develop new products. McDonough et al.,
[81] found that asynchronous communicating teams did not outperform synchronous
communicating, co-located teams. The findings also suggests that distributed teams
using asynchronous communication in general “face greater behavioral and project
management challenges” than co-located teams [81]. In a series of studies by Olson et
al., co-located teams were “twice as productive as teams that are merely nearby” [91].
Their investigation provides supporting evidence that co-located, synchronous
communicating teams are more productive than distributed, asynchronous
communicating teams. In agreement, other research shows that teams using
asynchronous communication demonstrate lower frequency of communication than co-
located teams, which usually yields lower performance and quality results [24], [30],
[31]. On the other hand, various research highlights the effectiveness of asynchronous

communication over synchronous (face-to-face) communication. Xue, et al., notes that
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distributed teams using asynchronous communication can have the same levels of
performance in certain areas as co-located synchronous (face-to-face) teams [125]. The
Xue, et al. investigation was based on a three-week study of eight distributed,
asynchronous teams and eight face-to-face, synchronous teams at two universities. The
goal of each team was to analyze a comprehensive case study for a Point of Sale (POS)
operating system. The final results indicate that distributed teams were perceived to
perform as well as teams using face-to-face communication in certain areas [125].

Similar, Warkentin, et al. performed an exploratory study with co-located and
distributed university students and notes that distributed teams achieved similar levels of
communication effectiveness [121]. This fact appeared to be valid even within the
software requirements analysis phase, thus supporting the opinion that co-located teams
using synchronous methods performed no better than distributed teams using
asynchronous methods for requirement negotiation [42].

Trust and relationship are also key factors in software developers’ effective
communication. Forging sturdy relationships in development teams, regardless of
locality, strengthens overall collaboration. Warkentin also confirms “relational links
among team members were found to be a significant contributor to the effectiveness of
information exchange” [121]. Consistent, concise information sharing and collaboration
are key indicators of successful Agile projects. Schummer examines the effectiveness of
Extreme Programming in a distributed environment. He analyzes XP methods through
the context of communication and awareness. The study investigates the role of
collaborative groupware to sustain distributed XP processes. After weighing the

advantages and disadvantages, Schummer concludes by stating that “with the appropriate
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technical support at hand, XP might work as well in distributed settings as in co-located

environments” [104]. Table 8 presents the summation of select research on synchronous

and asynchronous communication and the variables affected.

Table 8. Summation of Synchronous and Asynchronous Communication Research

Author (s)

Burke & Chidambaram

Findings

Shows that teams using asynchronous communication
demonstrate lower frequency of communication that co-located
teams

Study

How much bandwidth is enough? A
longitudinal examination of media
characteristics and media outcomes

Warkentin, M. E.,
Sayeed, L., &
Hightower, R

Co-located teams using synchronous communication did not
produce higher performance results than distributed teams and
Distributed and co-located teams exhibit similar levels of
communication effectiveness

Information technology outsourcing
and virtual team

McDonough, Kahn, and
Barczak

Asynchronous communicating teams could not outperform
synchronous communicating, co-located software teams. The
findings also suggests that distributed teams using asynchronous
communication in general face greater behavioral and project
management challenges than co-located teams

An investigation of the use of global,
virtual, and collocated new product
development teams.

Schummer and
Schummer

Study reports that “with the appropriate technical support at
hand, XP might work as well in distributed settings” as in co-
located environments

Support for distributed teams in
eXtreme programming

Olson, Teasley, Covi,
and Olson

Co-located teams are “twice as productive as teams that are
merely nearby”. Co-located, synchronous communicating teams
are more productive as distributed, asynchronous communicating

teams

The (currently) unique advantages of
collocated work.

DeRosa, Hantula, Kock,|
and D’Arcy

Teams that use asynchronous communication tend to be less
productive and less satisfying than teams that use face-to-face
(synchronous) communication

Trust and leadership in virtual
teamwork: A media naturalness
perspective

Olson and Olson

Quality did not differ between teams using asynchronous
communication and teams using synchronous communication
when developers knew each other before team creation

Distance matters

Cramton and Webber

Geographic distributed teams significantly and negatively
correlates to work processes and team effectiveness. Their
investigation concludes by illustrating that distributed teams were|
less effective and had perceived lower performance than
synchronous, co-located teams [

Relationships among geographic
dispersion, team processes, and
effectiveness in software development
teams

Xue, Sankar, and
Mbarika

Distributed teams using asynchronous communication can have
the, same levels of performance as co-located synchronous (face-
to-face) teams

Information technology outsourcing
and virtual team

ID | Year |
BUR% | 1996
waro? | 1997
MCDO1 2001
scior | 2001
OLS02 2002
DER04 | 2004
oLso | 2004
craos | 2005
XUEO0S 2005
DEP07 2007

De Pillis and Furumo

Distributed teams demonstrated significantly lower performance,
satisfaction, and results than co-locate

Counting the cost of virtual teams
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Evolution of Collaborative Tools

In 2008, CIO Insight Magazine reported that the collaborative tool market has
grown to $588 billion dollars per year [122]. This investment has allowed research and
delivery of innovative tools, which enable real-time, comprehensive collaboration for
teams. Moreover, the advancement of collaborative tools is permitting distributed teams
to operate in modes closer to realizing the positive benefits of face-to-face
communication. These collaborative tools are providing distributed teams with a united
infrastructure to collaborate [22]. As defined by Carmel [27], [28] collaborative
technology is one of his “six centripetal forces that exert inward pressure to improve team
performance”. The remaining five are team building, leadership, product architecture and
task allocation, software development methodology and telecommunications
infrastructure. Advanced collaborative tools have enabled succinct team cohesiveness to
occur in distributed locations where all team members are not centrally located [86].
According to Olson and Olson, virtual and distributed teams fail because “collaboration
technology cannot overcome all the challenges distance creates” [90]. Frankly, distance
is a key challenge in communication with distributed software development.
Nevertheless, collaboration tools are changing the way distributed teams communicate.
Cascio notes that communication “tools allow team members to work on projects at
quicker pace than if they had to travel and meet face-to-face and allow organizations to
use relay race procedures to accomplish tasks, resulting in a continuous workflow” [29].
Collaboration tools are enabling this reality. Clearly, communication is vital to

implementing ASD [16].
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Communication Theory

As defined by Littlejohn, communication theory is “the analysis of a single theory
or designated collective wisdom found in the entire body of theories related to the
communication process” [77]. Theories are an attempt to explain an idea or experience.
Within research, theories are important tools to represent concrete or abstract subjects.
Thus, Media Richness Theory, Task-Technology Fit Theory, Media Synchronicity
Theory, Media Naturalness Theory and Social Presence Theory were analyzed to further
understand communication within ASD teams. Each theory analyzes how the appropriate
measure of communication and technology combined can improve productivity and team
performance. Understanding and efficiently matching communication and information
requirement provides effective communication, which is “one of the important factors for

Agile practices to succeed” [8].

Media Richness Theory

During the 1980s, Daft and Lengel produced groundbreaking research introducing
media richness theory (MRT). As defined by Daft and Lengel, MRT provides a
“framework for matching information requirements with those requirements of a given
communication medium” [40],[41]. To ensure efficiency, aligning task requirements and
communication needs are essential to successful collaboration, especially in software
development. Daft and Lengel described certain type of media in levels of richness based
on “feedback, the capacity of the medium to transmit various cues, the use of natural
language and the personal focus of the medium” [40]. Furthermore, Daft and Lengel
outlined the definition of rich communication. Rich communication, signifies clear,

unambiguous messaging that enables rapid understanding [40], [41]. Moreover, Daft and
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Lengel’s theory supports the idea that different mediums of communication can resolve
various levels of task uncertainty [41]. Galbraith defines uncertainty as the “difference
between the amount of information required to perform the task and the amount of
information already possessed by the organization” [55]. In addition, MRT implies that
richer media are more effective for ambiguous tasks, and leaner media are better for
routine tasks [40],[41]. Daft and Lengel note that task ambiguity is caused by unstable
and conflicting interpretations, which results in task uncertainty, misunderstanding, and
reduced clarity [41]. Imprecision leads to further uncertainty, which causes considerable
problems in software development. This is primarily due to the lack of detailed
documentation and working artifacts for ASD projects. For this reason, many Agile
activities need significant communication to clear ambiguity. Barkhi further emphasis
that “complex, non-routine tasks such as software development, require more information
processing than simple, routine tasks such as idea generation” [11].

Nevertheless, developers must understand the interaction between the varying
amounts of communication needed for structured and unstructured tasks. Carmel
confirmed this concept through his Software Task Maturity Function model in Figure 16.
He defined common tasks in software development projects separated by unstructured
and structured tasks. As specified by MRT, unstructured tasks tend to require richer

media to satisfy ambiguity and provide clarity.
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Figure 16. Software Task Maturity Function [26]
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This belief validates the concept that tasks either unstructured or structured require the
appropriate communication media to achieve maximum effectiveness [26]. Moreover,
for communication to be efficient and effective in any organization, the media richness
used should equate directly to the level of message clarity necessary [11],[40],[41].
Within this contextual setting, MRT can assist in evaluating communication media
choices. Due to reduced visual and audio indicators, the ability to achieve instant
feedback, and capability to transmit additional content, communication media, with the
exception of face-to-face, is defined as lean [40]. Since asynchronous communication is
considered less rich, Fahlman recommends using symbols (emoticons) to enhance
tone/clarification in written messaging [113]. In other words, he suggests using these
icons within text-based communication to convey additional thoughts and meanings
[113]. Through added visual cues, this communication technique can potentially increase
the perceived richness of a message. Richer communication helps build trust and

decisive interactions within co-located or distributed development teams. Watson-
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Manheim notes that the lack of richness, nonverbal cues (visual or audio), can equate to
lack of trust and commitment within teams [123]. Moreover, MRT suggests that various
tasks that require more collaboration amongst team members will be more effective using
richer media [40], [41]. For these reasons, face-to-face communication has an enormous
advantage over all other types of synchronous and asynchronous communication. To
achieve the overall goal of reducing ambiguity of communication, one must select the
appropriate communication media for the particular task.

Various research has confirmed that body language, voice fluctuation, and other
visual or audio prompts provide additional meaning and context that can be extracted by
members within a development team. Hierarchically, this context provides greater
understanding of the message being sent, and increase probability that the message will
be correctly decoded. The media spectrum range for synchronous and asynchronous

communication used in this study is defined in Figure 19.

Figure 17. Synchronous and Asynchronous Mediums
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The ultimate objective is decreasing vagueness by selecting the most suitable

communication medium.

Task-Technology Fit

Task-Technology Fit (TTF) was developed in 1995 by Goodhue and Thompson.
TTF provides guidance to improve performance of teams through measuring the
correlation between task and technology. TTF declares that IT is “more likely to have a
positive impact on individual performance and be used if the capabilities of the IT match
the tasks that the user must perform” [59]. TTF is based from DeLone and Mclean’s
research linking technology in the support of requirements; in any case, TTF goes beyond
their research. TTF shows the intertwine connection between technology and
performance [59]. Defining this distinction is an important attribute of TTF.
Recognizing this importance, TTF matches the correct tools with the task requirement

[69],[128].
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Figure 18. Task-Technology Fit Model [59]
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A strong characteristic of TTF is its linkage between task requirements and

technological functionalities [85]. Goodhue and Thompson defined specific elements

that are used to measure TTF. These factors include ease of use, training, level of IT

support, global communication and mediation [43], [59]. Performance impact includes
overall improvement of effectiveness and efficiency and achievement of higher quality as

a result of the technology adoption [59]. Goodhue and Thompson discovered that TTF

measurements, in conjunction with utilization, are noticeable predictors of improved

performance and effectiveness [59]. Utilization refers to the “behavior of employing the
technology in completing tasks” [59]. TTF establishes the concept that tasks, which have
different complexity levels, are best matched to media with different capabilities [127].

TTF allows teams to recognize the correlation between user requirements and technology

for overall improvement of performance.
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Media Synchronicity Theory (MST)

Dennis and Valacich developed Media Synchronicity Theory. MST incorporates
team functions, communication processes, and media capabilities together [44], [46].
The essence of MST is the capability of “communication technology for solving business
problems without face-to-face communication” [45]. This includes the uses of
communication technology to transmit social cues inherent within face-to-face
interactions” [44], [45]. Transmitting social cues increases richness of communication
from one person to another. As outlined by Dennis and Valacich, the dimensions
affecting communication are [45],[46]: feedback, symbol variety, parallelism, their
rehearse ability and their reprocess ability. Synchronicity is the “extent to which
individuals work together on the same activity at the same time” [46]. For distributed
teams, synchronicity is usually very low. Furthermore, MST is divided into two
communication practices: conveyance and convergence. Conveyance is the knowledge
exchange process between people, and convergence is the enablement of a common,
context [46], [70]. Combined these elements help increase communication richness. In
addition, MST defines each task as an individual event evaluated on five dimensions.
MST recognizes that all communication medium have clear advantages and
disadvantages that can enhance the performance of teams. Moreover, Dennis and
Valacich concludes [46], [70] that different communications media are necessary for
different communications processes. Dennis and Valacich state that the “key to effective
use of media is to match media capabilities to the fundamental communication process

required to perform the task. Because most tasks required individuals to both convey
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information and converge on shared meanings, the media that excel at information

conveyance are often not those that excel at convergence” [46].

Social Presence Theory (SPT)

Social Presence Theory was initially created in 1976. SPT is the “degree of
salience of the other person in the interaction and the consequent salience of the
interpersonal relationship” [32]. Similar to MRT, SPT deems face-to-face
communication as the highest in social presence. The theory is concerned with
communication channels and social interaction of a team or group. As Liang illustrates,
intimacy and immediacy are directly correlated to social presence [75]. Most
asynchronous communication is perceived low in richness and intimacy because of its
lack of non-verbal capability. Liang’s research also notes that more visual cues can
provide increased social and contextual insights to enhance overall social presence [75].
Overall, SPT measures the effectiveness of asynchronous communication and tools that
can mimic co-located communication amongst team members to produce an environment
where teams can thrive and ensure “jointness”.

In conclusion, the review of literature provided an overview of historic, current,
and emerging techniques how development teams managed unplanned and unpredictable
requirements. Also, the literature review provided an understanding of various Agile
processes, effects of Agile on quality, challenges of distributed software development,
and analysis of communication theory and technology. However, literature provides very
little knowledge on the influence of synchronous or asynchronous communication and its
impact on software quality for co-located and distributed ASD teams. Nor does current

literature describe how other factors (proximity, time, frequency, or language) influence
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communication choices of distributed ASD teams.
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CHAPTER III - RESEARCH HYPOTHESES

The research hypotheses examine the role of synchronous and asynchronous
communication and its influence on quality for co-located and distributed ASD teams.
The hypotheses fall into two main categories. The first category is identifying the
linkage between synchronous and asynchronous communication, and quality. The
second category explores the effects of proximity, language, frequency, and time on
asynchronous communication. The research answers the following questions:

1. Can asynchronous communication during the Agile development lifecycle predict
quality;

2. Do proximity, language, frequency, and time have an effect on how distributed
Agile teams communicate?

Figure 21 illustrates a theoretical context diagram of the hypotheses.
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Figure 19. Theoretical Context Diagram
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Research Goals

The research is divided into two main goals. Research Goal One is to understand
the relationship between synchronous and asynchronous communication of distributed
and co-located ASD teams and its effects on quality throughout the ASD lifecycle.
Research Goal Two is to determine the correlation between proximity, language,

frequency, and time and synchronous and asynchronous communication techniques.
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Research Hypotheses

Research Goal One’s main focus is identifying how synchronous and
asynchronous communication effect quality for co-located and distributed teams.
Synchronous and asynchronous communication was measured through communication
scores. Communication scores were derived from survey respondents. Research Goal
One supports the following hypothesis:

HI1: When synchronous communication scores are held constant for co-located and
distributed teams, asynchronous communication scores will predict quality such

that higher asynchronous communication scores will result in higher quality for
distributed teams, but not for co-located teams.

Table 9. Hypothesis 1 Summary Table

Activities Synchronous Asynchronous Quality Survey
Communication =~ Communication Questions
Release Planning Constant Greater Higher for P6-Q4, P7-

Distributed  QI, P-10-Q1,
Teams P-10-Q2, P11-
Ql1, P12-Ql,
P-12-Q2, P-
13-Q1

Sprint Planning Constant Greater Higher for P6-Q4, P7-
Distributed  Q2, P-10-Q1,
Teams P-10-Q2, P11-
Q1, P12-Ql,
P-12-Q2, P-
13-Q1

Scrum meetings Constant Greater Higher for P6-Q4, P7-
Distributed  Q3, P-10-Q1,
Teams P-10-Q2, P11-

Ql1, P12-Ql,

P-12-Q2, P-
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13-Q1

Design & Code Constant Greater Higher for P6-Q4, P7-
Distributed  Q4, P-10-Q1,
Teams P-10-Q2, P11-
Ql1, P12-Ql,
P-12-Q2, P-
13-Q1

Test & Constant Greater Higher for P6-Q4, P7-
Integration Distributed  Q5, P-10-Q1,
Teams P-10-Q2, P11-
Ql1, P12-Ql,
P-12-Q2, P-
13-Q1

Retrospectives Constant Greater Higher for P6-Q4, P7-
Distributed  Q6, P-10-Q1,
Teams P-10-Q2, P11-
Ql1, P12-Ql,
P-12-Q2, P-
13-Q1

Research Goal Two supports the following four hypotheses. The focus of the
following hypotheses centers on the uses of asynchronous communication for distributed
ASD development and the influence of proximity, frequency of contact, time differences,
and language. Proximity scores refer to the physical distance teams are located. The
higher the proximity score, the further team members are located. Frequency scores are
measured in the amount of communication exchanges between team members within a 24
hour period. Time captures the numerical differences in hours between software
development members. The higher the time scores, the greater the time difference.

Finally, language analyzes the usage of more than one primary language within the
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software development team. Below are the four hypotheses:

H2a: For distributed ASD teams, proximity scores are positively related to
asynchronous communication scores, but not related to synchronous
communication scores.

H2b: For distributed ASD teams, communication frequency scores are positively
related to asynchronous communication scores, but not related to synchronous
communication scores.

H2c: For distributed ASD teams, time difference scores are positively related to
asynchronous communication scores, but not related to synchronous
communication scores.

H2d: For distributed ASD teams, primary language scores are positively related to

asynchronous communication scores, but not related to synchronous
communication scores.

Table 10. Hypotheses 2 Summary Table

Hypotheses Synchronous Asynchronous Survey Questions
Communication ~Communication

Proximity
H2a: Proximity Not Related Positively P1-Q1, P2-Q6, P-10-
Related Ql1, P-10-Q2, P11-Q1,
P12-Ql1, P-12-Q2, P-
13-Q1
Frequency
H2b: Frequency Not Related Positively P1-Q1, P3-Q10, P-10-
Related Ql1, P-10-Q2, P11-Q1,
P12-Q1, P-12-Q2, P-
13-Q1
Time
H2c: Time Not Related Positively P1-Q1, P2-Q7, P-10-
Related Ql1, P-10-Q2, P11-Q1,
P12-Ql1, P-12-Q2, P-
13-Q1
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Language

H2d: Language Not Related Positively P1-Q1, P3-Ql, P-10-
Related Q1, P-10-Q2, P11-Q1,
P12-Q1, P-12-Q2, P-
13-Q1

Independent Variables

The independent variables selected are locations and communication techniques.
Location is composed of distributed and co-located data fields. Communication
techniques include synchronous and asynchronous communication between team

members throughout the Agile development lifecycle.

Dependent Variables

The singular element being analyzed and recorded is the dependent variable.
Once manipulated by the independent variable, adjustments in the dependent variable are
measured to evaluate causality between the variables. The dependent variables included
within this investigation are quality, proximity, time, frequency, and language. Each

variable will be used to support the hypotheses.
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CHAPTER 1V - RESEARCH METHODOLOGY

The collection and analysis of data followed a descriptive research method. All
data was collected during the first two quarters of 2010 via an online survey instrument.
The survey was hosted by a professional survey vendor, and was fully accessible 24/7 by
any users with internet access and a web browser. This survey targeted the worldwide

Agile software development community.

Research Plan

The research plan was centered around the utilization of an online survey
instrument to collect data on communication techniques of co-located and distributed
ASD teams. A survey is “a research technique where information requirements are
identified, a sample selected and systematically questioned, results analyzed, and
generalized to the population” [4]. The survey was available for the global Agile
development community. The final sample was considered random. The following
section explains the survey form design, validation and testing, data conversion, and

analysis procedures.

Use of Surveys in Descriptive Research

Gathering data through surveys for descriptive research is a process intensive
endeavor. Surveys are methods to empirically gather data to support research. The
survey for this investigation closely followed the 12 steps outlined by Leedy and Ormrod.

The steps are as follow:

1. Keep the survey short;

2. Use simple, clear, unambiguous language;

73



3. Check for unwarranted assumptions implicit in your questions;
4. Word your questions in ways that do not give clues about preferred or more
desirable responses;

5. Check the survey for consistency;

6. Determine in advance how you will code the responses;

7. Keep the respondent’s task simple;

8. Provide clear instructions for the survey;

9. Give a rationale for any items whose purpose may be unclear;

10. Make the questionnaire attractive and professional looking;

11. Conduct a pilot test;

12. Scrutinize the almost-final product carefully to make sure it addresses your needs

[74].

The survey was comprehensive with questions pertaining to communication techniques,
quality, proximity, time, and frequency of contact, and attempted to be concise to
maximize participation and minimize user fatigue. To entice the global audience, the
language for the questions was simple. The survey was piloted through existing senior
level Agile professionals and consultants. Feedback was incorporated into the survey to
ensure the questions did not contain bias or were not leading. Bias is “any influence,
condition, or set of conditions that singly or together distort the data” [74].
Approximately three iterations of the survey were designed to ensure clarity,
completeness, and consistency. To verify consistency of answers, some questions were
redundant. At the start of the survey, instructions and purpose were explained to the

participants.
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Survey Form Design

The survey form (Appendix A) was designed to accurately capture unbiased

responses from participants. As expected, this process is as much of an art than science.

An abundance of literature does exist on survey design and avenues to avoid bias.

Fowler states four fundamental reasons why survey participants may report events with

less than perfect accuracy:

1.

2.

4.

They do not know the information;
They cannot recall the information;
They do not want to report the information;

They do not understand the questions [53].

As expected, inaccurate data produces skewed results and forces false conclusions.

However, this is a common challenge faced by all survey based research. Research has

outlined certain techniques to minimize the potential of false results. The ASD

communication survey was developed with the following requirements to collect a

representative sample from the Agile development community:

1.

2.

Questions were developed in direct response to research questions and hypotheses
The survey could be completed within 5-7 minutes

The survey was easily accessible by worldwide users

The survey contained clear, simple language to be easily understood by non
native English speakers

The survey had simple instructions in English

The survey asked short, succinct questions
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7. The survey used common terminology understood by novice or expert Agile
software development professionals

The survey questions were developed directly in correlation to the research questions,
goals, and hypotheses. During survey creation, a key item was the survey could be
completed within 5-7 minutes. With the understanding that software developers have
extremely hectic schedule, asking short and concise questions was important. Moreover,
the survey vendor provided a progression bar for participants. This progression bar gave
users the knowledge of the quantity of questions remaining. No acronyms were used in
the survey. Only familiar Agile terminology was used throughout the survey. To enable
greater participation, the survey was hosted online and accessible by the global Agile

community.

Online Survey Advantages and Disadvantages

Online surveys are very effective tools for collecting data. Nevertheless, clear
advantages and disadvantages exist with the usage of online surveys. The corporation
Survey Monkey (survey provider) has identified the following pros and cons of using
online surveys

Advantages:

e Same strengths as a paper version

e Better at addressing sensitive issues

e Cost efficient

e Faster delivery

e Endless design options

e Ability to track responses
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e Quick response time
e Easier to use for complex routing or skip logic

e Automatic Randomization of Answer Choices

Disadvantages:

e SPAM/Privacy

e Technical issues

e Possible submission of multiple responses

¢ Not having an interviewer present to clarify questions [110]
The online survey affords the opportunity to collect a true representational sample of the
Agile software development community. The survey provides ease of access and use for
potential participants. In addition, the use of a professional survey vendor allows “logic”
questions for toggling to a particular set of questions based on certain responses.
Unfortunately, there are also significant disadvantages of an online survey instrument.
When contacting potential survey respondents, the users could perceive the survey
request as spam or “just another survey.” Thus, this group of users would minimize
participation in the survey.

Another disadvantage is the perception of “point of view.” Obviously, the
measurement of quality sometimes lends itself to subjectivity. Sometimes, it is difficult
to baseline the qualitative measure of quality. Online surveys do not allow the
designer/collector of the responses to follow-up with clarifying questions. This could

potentially affect the final validity of responses.
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Survey Form Questions & Data Coding

The survey form questions were categorized into two groups: questions for co-
located/near-located teams and far-located/geographically distributed teams. The survey
commenced with a toggle question. The question that separated the respondent was:
What best describes how your Agile team (recent or current) is structured?
Definitions:

e (Co-located (Everyone in same room)

e Near-located (Everyone within driving distance)

e Far-located/Geographically Distributed (Planes needed to be involved to get

together physically)

Once the respondents provided the applicable response, he/she was directed to a series of
questions pertaining to their experience in either co-located or distributed ASD team.
Each series of questions were similar, only differing in the quantity and scope of
questions asked. The figure below reflects the target areas (dependent and independent

variables) and process flow of the survey form design.
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Figure 20. Survey Form Question Flow
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Pertinent questions about communication techniques and quality, ASD distributed

teams, survey choices, and normalization of responses are below. The survey questions

were separated by co-located and distributed teams.

Table 11. Questions of Interest for Distributed Teams

Distributed/Far-located Teams

In your Agile development project, how many geographic regions is

Question: your team located?
Choices: 1, 2, 3-5, 6-9, 10-12, Over 13
Response
Normalization: 5 = (Over 13, 10-12), 4 = (6-9), 3 = (3-5), 2=(2), 1 = (1)
. There is a difference of hours between our two furthest
Question:

geographically distributed Agile teams.
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Choices:
Response

Normalization:

Question:

Choices:
Response

Normalization:

Question:
Choices:

Response

Normalization:

Question:

Choices:
Response

Normalization:

Question:

Choices:

Response

Normalization:

1, 1-3,4-7,8-12, Over 13
5=(Over13),4=(8-12),3=(4-7), 2= (1-3), 1 = (0)

Team members on our entire far-located/geographic distributed Agile
project have primary spoken languages.
Sormore, 4, 3, 2, 1

S=(0Gormore),4=(4),3=(3),2=02),1=(1)

Our Agile project met the quality goals.
Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree, Don’t
Know

5=Strongly Agree, 4=Agree, 3=Neutral, 2=Disagree, 1=Strongly
Disagree, 0=Don’t Know

Outside your daily stand-up/Scrum meetings, (on average) how
frequently do you communicate with members in your Far-
located/geographic distributed Agile team?

Over 12, 9-11, 6-8, 3-5, 0-2

5=(Over12),4=(9-11), 3= (6-8), 2 = (3-5), 1 = (0-2)

Our far-located/geographic distributed Agile team believes the quality of
the software produced is similar to the quality that would be produced
by a co-located Agile team.

Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree, Don’t
Know

5=Strongly Agree, 4=Agree, 3=Neutral, 2=Disagree, 1=Strongly
Disagree, 0=Don’t Know

The next questions rated each of the following communication techniques used during
various stages of ASD:

Synchronous: Face-to-face at a Whiteboard, Face-to-face communication,
Videoconferencing, Teleconference, Online Chat

Asynchronous: Web-based Tracking Tool, Podcast/Recorded Webcast, Email, Overview
Documentation, Detailed Documentation

Question:

Choices:

During high-level release planning, initial requirements envisioning, and
conceptual architecture design at the start of the project, we used the
following Communication techniques to convey information within our
Agile team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always
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Response
Normalization:

Question:

Choices:

Response
Normalization:

Question:

Choices:

Response
Normalization:

Question:

Choices:

Response
Normalization:

Question:

Choices:

Response
Normalization:

Question:

Choices:

Response
Normalization:

0= Don’t Know, 1 = Never, 2 = Seldom, 3 = About Half the Time, 4 =
Usually, 5 = Always

During Iteration/Sprint Planning, we used the following communication
techniques to convey information within our Agile team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 = Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know

During daily stand-up/Scrum meetings, we used the following
communication techniques to convey information within our Agile
team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 =Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know

During design and coding of software, we used the following
communication techniques to convey information within our Agile
team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 = Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know

During integration and testing, we used the following communication
techniques to convey information within our Agile team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 =Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know

During retrospectives, we used the following communication techniques
to convey information within our Agile team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 =Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know

Table 12. Questions of Interest for Co-located Teams

Co-located & Near Located Teams

Question:

Choices:

Our Agile project met the quality goals.

Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree, Don’t
Know
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Response

Normalization:

5=Strongly Agree, 4=Agree, 3=Neutral, 2=Disagree, 1=Strongly
Disagree, 0=Don’t Know

The next questions rated each of the following communication techniques used during
various stages of ASD:

Synchronous: Face-to-face at a Whiteboard, Face-to-face communication,
Videoconferencing, Teleconference, Online Chat

Asynchronous: Web-based Tracking Tool, Podcast/Recorded Webcast, Email, Overview
Documentation, Detailed Documentation

Question:

Choices:
Response

Normalization:

Question:

Choices:
Response

Normalization:

Question:

Choices:
Response

Normalization:

Question:

Choices:
Response

Normalization:

Question:

Choices:
Response

Normalization:

During high-level release planning, initial requirements envisioning, and
conceptual architecture design at the start of the project, we used the
following Communication techniques to convey information within our
Agile team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

0= Don’t Know, 1 = Never, 2 = Seldom, 3 = About Half the Time, 4 =
Usually, 5 = Always

During Iteration/Sprint Planning, we used the following communication
techniques to convey information within our Agile team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 = Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know

During daily stand-up/Scrum meetings, we used the following
communication techniques to convey information within our Agile
team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 =Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know

During design and coding of software, we used the following
communication techniques to convey information within our Agile
team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 = Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know

During integration and testing, we used the following communication
techniques to convey information within our Agile team.

Don’t Know, Never, Seldom, About Half the Time, Usually, Always

5 = Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =
Never, 0= Don’t Know
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During retrospectives, we used the following communication techniques

Question: ) i A s

to convey information within our Agile team.
Choices: Don’t Know, Never, Seldom, About Half the Time, Usually, Always
Response 5 =Always, 4 = Usually, 3 = About Half the Time, 2 = Seldom, 1 =

Normalization:  Never, 0= Don’t Know

Sample Selection Procedures

The objective of selecting the research sample is to elicit an accurate
representation of the Agile development community. As such, an online survey
instrument was developed and online notifications were sent through diverse email
distribution groups, personal contacts, and Agile community websites. In addition, the
survey link was posted on a well-visited Agile community resource website. The survey
also collected demographic information on participants by capturing internet protocol
(IP) addresses of respondents. This information was used to roughly pinpoint locations
(areas of the world) of the participants. After examination of the data, the research
sample appears to achieve a global, random sample of member from the Agile software
development community. Over 337 participants started the survey; unfortunately, only
60% completed all questions. Partially answered surveys were excluded from the
sample. Since the research focused primarily on the relationship of co-located and
distributed teams, responses from solely near-located teams were excluded. The final
sample consisted of 99 (66.4%) co-located Agile team members and 50 (33.6%)

distributed Agile team members.
Survey Respondents

The survey respondent pool appears to be from a global subset. The IP addresses

registered participants from 28 countries. For the sample data set, 33% of the co-located
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respondents that completed the survey were US based IP addresses and the remaining
66% were identified from outside of the US. The majority of the co-located team’s
experience level was less than 2 years. Approximately 90% of the team was small (1-5

people) and medium (6-20 people) for co-located teams.

Table 13. Co-located Survey Respondents

Location Agile Experience Team Size

<l 12 34 510 =>10 Small Medium Large
year years years years years (%) (%) (%)
(%) () (%) (%) (%)

United States 12.1 13.1 3.0 4.0 0.0 6.1 23.2 3.0
International 30.3 253 11.1 0.0 1.0 27.3 354 5.1

Note. Numbers are in percentages. Sample distribution, United States = 33%,
International = 66%.

For the distributed Agile team sample data set, 62% of the respondents were US based
and the remaining 38% were identified from the international Agile development
community. The majority of the distributed team’s experience level was less than four
years. Approximately 80% of the team was small (1-5 people) and medium (6-20

people) for distributed teams.
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Table 14. Distributed Survey Respondents

Location Agile Experience Team Size

<l 1-2 34 510 >10 Small Medium Large
year years years years years (%) (%) (%)
%) (%) (%) (%) (%)

United States 82 286 224 2.0 0.0 0.0 46.9 14.3
International 16.3 184 2.0 0.0 2.0 4.1 26.5 8.2

Note. Numbers are in percentages. Sample distribution, United States = 62%,
International = 38%.

Figure 21. Survey Respondents Agile Experience
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Supported by Figure 23, approximately 80% of all ASD teams in the survey sample have
less than 2 years experience using the methodology.
As extracted from IP addresses, the sample data set represent a diverse US and

international sample of the existing Agile development community.
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Table 15. Survey Respondents by Locality

Country Co-located  Distributed Total
United States 33 31 64
India 0 3 3
Finland 2 2 4
United Kingdom 7 1 8
Netherlands 1 1 2
China 1 2 3
Israel 0 1 1
Greece 0 1 1
Spain 6 1 7
Denmark 0 1 1
Germany 0 2 2
Latvia 0 1 1
Canada 3 1 4
New Zealand 0 1 1
Philippines 0 1 1
Slovak Republic 1 0 1
Austria 1 0 1
Brazil 24 0 24
France 4 0 4
Chile 1 0 1
Argentina 2 0 2
Austria 1 0 1
Sweden 2 0 2
Norway 1 0 1
Egypt 1 0 1
Japan 1 0 1
Mexico 1 0 1

Total 99 50 149

Analysis Procedures

Throughout the research, a combination of analysis techniques was used to
include Paired sample #-test, Multiple Linear Regression (MLR), and Pearson product-
moment correlation. Initially, the #-test was utilized to uncover whether a statistical
significant difference between means of co-located and distributed ASD teams. The

paired 7-test was conducted to compare two sets of scores from the same group to
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determine the relationship between the sets of scores [58]. Next, MLR was used to
evaluate the relationship between quality, communication techniques, and locality. Also,
interaction terms were computed for locality (co-located and distributed). MLR yields an
equation in which two or more independent variables are used to predict the dependent
variable [74]. Finally, the Pearson r, or "Pearson product-moment correlation
coefficient" [34], was applied to compare proximity, language, time, frequency and
communication techniques (synchronous vs. asynchronous). The study used SPSS,
Microsoft Excel, and Mini-Tab to perform all statistical analysis and graphical

representation of the data sample.

Challenges Facing Surveys

Surveys face many challenges that can potentially counter the validity of the
results. Scott Ambler, a veteran Agile survey designer, observes four biases that a
majority of surveys face. These biases include:

¢ Only receiving responses from people willing to be surveyed;

e Only receiving responses from people with strong feelings about the topic;
e Very often questions capture opinions, not facts;

e The biases of the communities will be reflected in the results [6].

Adjemian reports that additional difficulties in using surveys are: selecting the
appropriate sample, unresponsiveness of targeted subjects, attrition rates, and mistakes or
ambiguity in responses [2]. All these challenges can potentially affect the results of the
analysis. During survey design, counteracting principles were utilized such as piloting
the survey to ensure questions are succinct, plainly stating survey questions and range of

responses, making the survey available to a wide audience for diverse views of
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developers, and asking respondents to provide insights into their experiences not

opinions.
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CHAPTER V — DATA ANALYSIS AND RESULTS

The analysis of data and discussion of results are key items to support the
investigation of identifying roles of synchronous and asynchronous communication in
Agile software development and the effects on software quality. The following chapter
presents a close examination of the sample dataset and a description of the data analysis
techniques that either supports or not supports the research questions, goals, and

hypotheses.

Distributional Characteristics (Skewness & Kurtosis)

The first step of data analysis was the examination of normality for all dependent
and independent variables. Table 16 displays the minimum, maximum, mean, standard
deviation, skewness, and kurtosis for each variable analyzed. The analysis of skewness
provided a measure of symmetry, whereas kurtosis provides a measure of the flatness of a
distribution [74]. All skewness and kurtosis values, with the exception of frequency
(kurtosis = 2.4), were between -2.0 and +2.0. The values of skewness and kurtosis

suggest that each of the variables had a reasonably normal distribution.
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Table 16. Descriptive Statistics for Dependent Variables ( Quality, Proximity, Frequency, Time, and

Language) and Independent Variables: Communication

Communication N M STD Skewness Kurtosis
Technique
Quality Synchronous & 149 2.90 1.04 -0.85 -0.37
Asynchronous
Proximity Synchronous & 50 252 0.65 0.40 -0.20
Asynchronous
Frequency Synchronous & 50 1.76 1.12 1.69 2.40
Asynchronous
Time Synchronous & 50 3.02 1.17 -0.37 0.03
Asynchronous
Language Synchronous & 50 2.12 0.85 1.02 1.92
Asynchronous
Release Planning Synchronous 149 2.78 759 -.263 1.73
Asynchronous 149 2.61 952 -.150 -.051
Sprint Planning Synchronous 149 2.74 .649 .398 703
Asynchronous 149 2.50 971 -.042 -.407
Serum Synchronous 149 2.53 .676 -.064 .626
Asynchronous 149 1.78 964 933 491
Design and Code Synchronous 149 2.59 .684 =373 1.43
Asynchronous 149 2.47 .966 405 -484
Integration and Synchronous 149 2.46 728 -394 .602
Test Asynchronous 149 2.49 934 263 -.489
Retrospective Synchronous 149 2.53 708 -.659 1.66
Asynchronous 149 1.77 994 1.02 446
Note: N=149

Data Transformation

All data points were directly translated from the survey results. For
communication techniques during each of the six activities, the computed aggregates
were calculated by assigning a value (face-to-face at the white board =5, face-to-face=4,
video teleconferencing=3, etc) for each category (synchronous and asynchronous). Then,

an average score was calculated for synchronous and asynchronous values for each

90



activity. This aggregation created a continuous variable that appeared to be normally

distributed.

Sample Characteristics

Sample Size

The research includes a sample (N = 149) of personnel from distributed and co-
located ASD teams across the world. Agile software development is still a fairly new
paradigm. The actual population of the Agile community is unknown. An expected
collection sample population was created through the following calculations:

Sample Size Formula =  Z(p)(1-

2
€

Z=1.96 (95%) confidence level
P=5
Confidence interval (e) = .08

Sample Size = 1.96%2*(.5)*(1-.5)
.082

Sample Size = 3.84*(.5)*(.5)
.0064

Sample Size = .9604
.0064

& 150 survey participants

Thus, at the 95% confidence level (p=.5), the total sample was N=149, which satisfied
the expected survey sample size. The confidence interval or margin of error is +/- 8§%.
The margin of error describes the precision of the study. The sample appeared sufficient

to infer conclusions about the population. In addition, the sample population (N=149) is
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greater than the average (N=121) of similar agile quality surveys explored earlier in this
research.

The following tables present descriptive statistics such as the frequency, mean,
and standard deviation. This data helped understand the sample data set and initial

characteristics.

Frequency

Table 17. Frequencies and Percentages for Agile Development Teams

Frequency Percent
Co-located 99 66.4
Distributed 50 33.6

Table 18. Descriptive Statistics, dependent variable (Quality), independent variables
(Communication Techniques)

Communication M SD
Technique
Quality All 2.9799 94060
Release Planning Synchronous 2.783 7594
Asynchronous 2.61 952
Sprint Planning Synchronous 2.744 .6485
Asynchronous 2.50 971
SCRUM Synchronous 2.526 .6764
Asynchronous 1.781 9635
Design & Code Synchronous 2.592 .6837
Asynchronous 2.472 9662
Integration & Test Synchronous 2.459 7280
Asynchronous 2.49 934
Retrospective Synchronous 2.530 7075
Asynchronous 1.769 9937

N=149
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The descriptive variables were examined throughout the Agile software

development lifecycle. The dependent variable (quality) and independent variable

(communication techniques) were analyzed. Tables 18 and 19 display the mean and

standard deviation for the dependent and independent variables.

Table 19. Descriptive Statistics by Team, dependent variable (Quality), independent variables

(Communication Techniques)

Quality

Release Planning Synchronous
Release Planning Asynchronous
Sprint Planning Synchronous
Sprint Planning Asynchronous
SCRUM Synchronous

SCRUM Asynchronous

Design & Code Synchronous
Design & Code Asynchronous
Integration & Test Synchronous
Integration&Test Asynchronous
Retrospective Synchronous

Retrospective Asynchronous

Team

Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
Co-located
Distributed
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N

99
50
99
50
99
50
99
50
99
50
99
50
99
50
99
50
99
50
99
50
99
50
99
50
99
50

M

3.02
2.90
2.76
2.83
243
2.97
2.79
2.64
2.25
3.00
2.54
2.49
1.48
2.37
2.57
2.63
2.19
3.03
2.40
2.58
2.27
2.94
2.53
2.54
1.50
2.31

SD

.89191
1.04
715
.846
927
908
.649
.643
.889
941
.666
702
781
1.02
.627
789
.845
955
.682
.804
.847
945
.670
784
.870

1.011



T-test

Survey participants consisted of 99 (66.4%) co-located Agile team members and 50
(33.6%) distributed Agile team members. An independent sample #-test comparing co-
located and distributed teams on asynchronous and synchronous communication across
the different phases is shown in Table 20. Before recording the values, Levene’s Test for
Equality of Variances was checked, and each p value was examined for significance.
There was no difference for distributed teams using synchronous communication and co-
located teams using synchronous communication. In contrast, there was a significant
difference in the scores for distributed teams using asynchronous communication from
co-located teams using asynchronous communication in all ASD phases. In other words,
distributed teams use more asynchronous communication to produce quality software.
This may be due to the simple reason that distributed teams are dispersed throughout the

world and have greater access to asynchronous tools.
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Table 20. Independent t-Test Comparing Co-located and Distributed Agile Teams on
Communication Techniques during each development phase

Co-located Distributed t(147)
M (SD) M (SD)
Release Planning Synchronous 2.76 (.72) 2.83 (.895) -.56
Asynchronous 2.43(.93) 2.83(.85) -3.37%**®
Sprint Planning Synchronous 2.79(.65) 2.6(.64) 1.34
Asynchronous 2.25(.89) 3.0(.94) -4.775%**
SCRUM Synchronous 2.54(.67) 2.49(.70) 44
Asynchronous 1.8(.78) 2.37(1.02) -5.40%**
Design & Code Synchronous 2.5(.63) 2.63(.79) -47
Asynchronous 2.19(.84) 3.03(.95) -5.50%**
Integration & Test Synchronous 2.40(.68) 2.58(.80) -1.45
Asynchronous 2.27(.85) 2.94(.95) -4, 38%**
Retrospective Synchronous 2.53(.67) 2.54(.78) -114
Asynchronous 1.50(.87) 2.31(1.01) -5.08%**

Co-located N=99, Distributed N=50
**%kp <.001.

Correlation between Quality and ASD Teams

The Pearson Correlation was used to analyze the relationship between the
dependent variable quality and ASD Teams. Through the Pearson Correlation, the
measurement of the degree of association between quality and communication for the full
sample was examined. Table 21 describes the correlations between quality and the two
communication techniques within the sample. The data described a positive relationship
between quality and Synchronous, Release Planning (r = .234, p <.01), Synchronous,
Sprint Planning ( = .275, p <.001), and Synchronous, Design & Code (r =.162, p <
.05). In contrast, a relationship between quality and asynchronous communication was
not initially revealed. At first glance, these results appear to support the prevailing
knowledge that only synchronous communication in ASD can produce higher quality

software. Moreover, this concept would be extremely detrimental to the viability of
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generating quality software using asynchronous and synchronous communication

methods in distributed environment.

Table 21. Pearson Correlation with Dependent Variable (Quality) for All ASD Teams

Quality
Asynchronous Synchronous

Release Planning 104 234%*

Sprint Planning 062 25Kk
SCRUM 017 .093
Design and Code .086 162*
Integration and Test .045 150
Retrospective .048 146

Note. N = 149.
*p <.05. **p <.01. ***p <.001.
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Figure 22. Co-located ASD Responses for Quality
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Figure 23. Distributed ASD Responses for Quality
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Co-located

Next, the Pearson Correlation was performed solely for co-located teams. As
Table 22 describes, there was a significant positive relationship between quality and
synchronous communication during sprint planning, (» =.300, p <.01). This was the

only variable that had a significant positive correlation with quality.

Table 22. Pearson Correlation with Dependent Variable (Quality) for Co-located ASD Teams

Asynchronous Synchronous
Release Planning .034 184
Sprint Planning -.043 300%*
SCRUM -.158 .060
Design and Code .008 .070
Integration and Test -.064 101
Retrospective -.021 .095

Note. N =99.
*p <.05. **p < .01.

Distributed

The Pearson Correlation was computed for distributed teams and quality. Table
23 illustrates that synchronous communication between quality and Release Planning, (»
=.316, p <.05), and Design and Code , (»r =.294, p <.05) was positive for distributed
teams. In addition, there was a positive relationships between quality and asynchronous
communication during Release Planning, (» = .287, p <.05), Sprint Planning, (» =.306, p

<.05), Scrum, (= .321, p <.05), and Design and Code, (» =.297, p <.05) for distributed
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teams. Thus, the correlations supported the opinion that more communication, regardless
of whether it is synchronous or asynchronous, is important for the quality of distributed

ASD teams.

Table 23. Pearson Correlation with Dependent Variable (Quality) for Distributed ASD Teams

Asynchronous Synchronous
Release Planning 287* 316%*
Sprint Planning 306%* 221
Scrum 321* 142
Design and Code 297* 294
Integration and Test 277 243
Retrospective 225 224
Note. N = 50.
*p <.05.

Regression Models

First, each regression model verified the following:

1) normal distribution,

2) a linear relationship between dependent and independent variables,

3) homoscedasticity of residuals.
To confirm linear relationship and homoscedasticity, the studentized residuals were
plotted against the standardized predicted scores for the dependent variable to identify a
curvilinear pattern noting nonrandom, scattered residuals [35]. Each plot was adequately

scattered around zero and appeared to be random.
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Figure 24.

Studentized residuals against the standardized predicted scores for Quality
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Each regression model followed the same analysis method. As the first step in

computing interaction terms for continuous independent variables, Synchronous and
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Asynchronous communication scores were mean centered [35]. Also, the data for
communication techniques was standardized using z-scores. Z-scores allow comparison
of each observation from various normal distributions [3]. The z-score represents the
distance between the communication value and population mean. The z-score was

computed as following:

x 1S the communication value ;
1 1s the mean of the population;
o is the standard deviation .

Team was coded as 0 = Co-located and 1 = Distributed. Next, interaction terms
were then computed between Team and Synchronous communication scores as well as
Team and Asynchronous communication scores. For each regression, the dependent
variable (Quality) was regressed on Team, the Synchronous score, the Asynchronous
score, the Team x Synchronous score interaction, and the Team X Asynchronous score
interaction. The interaction term was added to the model to test the hypothesis that the
relationship between asynchronous and synchronous communication and quality is

different for co-located than distributed ASD teams.
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Agile Communication during Phase I & 11

During Phase I & II of the ASD process, team members must efficiently
communicate vision, software functionality, and stable and dynamic requirements within
the development team. Working with the development team, the customers/users defines

requirements by dictating user stories.

Restatement of Hypotheses 1

H1: When synchronous communication scores are held constant for co-located and
distributed teams, asynchronous communication scores will predict quality such that
higher asynchronous communication scores will result in higher quality for distributed
teams, but not for co-located teams.

Results for Release Planning

For Release Planning, Quality was regressed on Team, the Synchronous release
planning communication score, the Asynchronous release planning communication score,
the Team % Synchronous release planning score interaction, and the Team x
Asynchronous release planning score interaction.

Table 24 presents the results. The overall model was not significant, F(5, 143) =
2.25, p < .01, explaining 7% of the variance in Quality. There was not a significant effect
of Team (S =-.10, p > .05), Synchronous release planning communication (4= .22, p >
.05), Asynchronous release planning communication (#=-.07, p > .05), Team x
Asynchronous release planning communication (#= .15, p > .05), nor Team X
Synchronous release planning communication (£ = .001, p > .05). Thus, Hypothesis 1

was not supported for the Release Planning phase.
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Table 24. Regression Model for Predicting Quality from Team Type, Release Panning (RP)
Communication, and Interactions

Predictors B SE B )i t p R’
Team -0.19 0.17 -.097 -1.12 264 .073
RP synchronous 0.21 0.11 221 1.84 .069

RP asynchronous -0.70 0.11 -.071 -0.61 .544

Team x RP sync 0.00 0.18 .001 0.01 .993

Team x RP async 0.24 0.20 .146 1.18 239

Note. Synchronous and Asynchronous scores were mean centered. Team was coded such
that 0 = Co-located and 1 = Distributed. The overall model was not significant, F(5, 143)
=2.25, p > .05. The constant for the model = 3.01.

Results for Sprint Planning
For Sprint Planning, Quality was regressed on Team, the Synchronous sprint

planning communication score, the Asynchronous sprint planning communication score,
the Team % Synchronous sprint planning score interaction, and the Team x Asynchronous
sprint planning score interaction.

Table 25 presents the results. The overall model was significant, F(5, 143) = 3.99,
p < .01, explaining 12.2% of the variance in Quality. There was a significant effect of
Team (B =-.74, p <.05), indicating that co-located teams had higher quality when sprint
planning communication scores were held constant. There was a significant effect of
Synchronous sprint planning communication (£ = .39, p <.001), indicating that more
synchronous communication resulted in higher quality when Team and Asynchronous
sprint planning communication were held constant. There was a significant effect of
Asynchronous sprint planning communication (5 = -.24, p <.05), indicating that more

asynchronous communication resulted in /ower quality when Team and Synchronous
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sprint planning communication were held constant. Finally, there was a significant
interaction effect between Team and Asynchronous sprint planning communication (£ =
.84, p <.01), indicating that the relation between Asynchronous sprint planning
communication scores and quality was positive for distributed teams, but negative for co-
located teams. In other words, for co-located teams, when Synchronous communication
was held constant, more Asynchronous sprint planning communication resulted in lower
quality, but for distributed teams, when Synchronous communication was held constant,
more Asynchronous sprint planning communication resulted in higher quality. The
significant interaction is depicted in figure below. Thus, Hypothesis 1 was supported for

the Sprint Planning phase.

Table 25. Regression Model for Predicting Quality from Team Type, Sprint Panning (SP)
Communication, and Interactions

Predictors B SE B B t p R’
Team -1.47 0.57 -.740%* -2.56 011 122
SP synchronous 0.36 0.10 388 H** 3.56 .000

SP asynchronous -0.23 0.11 -.242% -2.04 .043

Team % SP sync -0.28 0.18 -.168 -1.51 134

Team x SP async 0.52 0.20 .845%* 2.66 .009

Note. Synchronous and Asynchronous scores were mean centered. Team was coded such
that 0 = Co-located and 1 = Distributed. The overall model was significant, F(5, 143) =
3.99, p <.01. The constant for the model = 2.93.

*p <.05. **p < .01. ***p <.001.
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Figure 25. Interaction between Team type and Asynchronous sprint planning communication in
predicting quality while holding Synchronous sprint planning communication constant
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Agile Communication during Phase III & Phase IV

Results for Scrum Sessions

For Scrum, Quality was regressed on Team, the Synchronous Scrum
communication score, the Asynchronous Scrum communication score, the Team X
Synchronous Scrum score interaction, and the Team % Asynchronous Scrum score
interaction.

Table 26 presents the results. The overall model was not significant, F(5, 143) =
2.21, p > .05, explaining 7.2% of the variance in Quality. There was a significant

interaction effect between Team and Asynchronous Scrum communication (f= .42, p <
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.01), indicating that the relation between Asynchronous Scrum communication scores and
quality was positive for distributed teams, but negative for co-located teams. In other
words, for co-located teams, when Synchronous communication was held constant, more
Asynchronous Scrum communication resulted in lower quality, but for distributed teams,
when Synchronous communication was held constant, more Asynchronous Scrum
communication resulted in higher quality. The significant interaction is depicted in the

figure below. Thus, Hypothesis 1 was supported for the Scrum phase.

Table 26. Regression Model for Predicting Quality from Team Type, SCRUM Communication, and
Interactions

Predictors B SE B B t p R’
Team -261 192 -131 -1.360 176 072
SCRUM synchronous 133 103 141 1.287 .200

SCRUM asynchronous -238 125 -253 -1.898 .060

Team x SCRUM sync -.198 187 -.126 -1.063 290

Team x SCRUM async 587 197 423 2.982 .003

Note. Synchronous and Asynchronous scores were mean centered. Team was coded such
that 0 = Co-located and 1 = Distributed. The overall model was not significant, F(5, 143)
=2.21, p > .05. The constant for the model = 2.94.

*Ep <.01.
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Figure 26. Interaction between Team type and Asynchronous SCRUM communication in predicting
quality while holding Synchronous sprint planning communication constant
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Results for Design & Code

For Design & Code, Quality was regressed on Team, the Synchronous design &
code communication score, the Asynchronous design & code communication score, the
Team % Synchronous design & code score interaction, and the Team x Asynchronous
design & code score interaction.

Table 27 presents the results. The overall model was not significant, F(5, 143) =
1.73, p > .05, explaining 5.7% of the variance in Quality. There was not a significant
effect of Team (f=-.13, p > .05), Synchronous design & code communication (£ = .09, p

> .05), Asynchronous design & code communication (£ =-.04, p > .05), Team X
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Synchronous design & code communication interaction (£ = .07, p > .05), nor Team x
Asynchronous design & code communication interaction (f= .17, p > .05). Thus,

Hypothesis 1 was not supported for the design & code phase.

Table 27. Regression Model for Predicting Quality from Team Type, Design & Code (DC)
Communication, and Interactions

Predictors B SE B B t p R’
Team -0.25 0.18 -.13 -1.37 173 .057
DC synchronous 0.09 0.12 .09 0.72 470

DC asynchronous -0.04 0.12 -.04 -0.29 73

Team x DC sync 0.10 0.17 .07 0.59 .556

Team x DC async 0.26 0.19 17 1.35 .180

Note. Synchronous and Asynchronous scores were mean centered. Team was coded such
that 0 = Co-located and 1 = Distributed. The overall model was not significant, F(5, 143)
=1.73, p > .05. The constant for the model = 3.01.

Results for Test & Integration

For Test & Integration, Quality was regressed on Team, the Synchronous test &
integration communication score, the Asynchronous test & integration communication
score, the Team x Synchronous test & integration score interaction, and the Team X
Asynchronous test & integration score interaction.

Table 28 presents the results. The overall model was not significant, (5, 143) =
1.58, p > .05, explaining 5.2% of the variance in Quality. There was not a significant
effect of Team (S =-.12, p > .05), Synchronous test & integration communication (=
.14, p > .05), Asynchronous test & integration communication (f=-.11, p > .05), Team

and Synchronous test & integration communication (£ = .00, p > .05), nor Team and
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Asynchronous test & integration communication (= .21, p >.05). Thus, Hypothesis 1

was not supported for the test & integration phase.

Table 28. Regression Model for Predicting Quality from Team Type, Test & Integration
Communication, and Interactions

Predictors B SE B B t p R’
Team -229 176 -115 -1.30 194 052
TI synchronous 127 106 135 1.20 232

TI asynchronous -.103 109 -.110 -.948 345

Team x TI sync .004 174 .003 024 981

Team x TI async 316 186 210 1.69 .093

Note. Synchronous and Asynchronous scores were mean centered. Team was coded such
that 0 = Co-located and 1 = Distributed. The overall model was not significant, F(5, 143)
=1.58, p > .05. The constant for the model = 3.01.

Results for Retrospectives

For the Retrospective phase, Quality was regressed on Team, the Synchronous
retrospective communication score, the Asynchronous retrospective communication
score, the Team x Synchronous retrospective score interaction, and the Team X
Asynchronous retrospective score interaction.

Table 29 presents the results. The overall model was not significant, (5, 143) =
1.11, p > .05, explaining 3.7% of the variance in Quality. There was not a significant
effect of Team (= -.09, p > .05), Synchronous retrospective communication (= .12, p
>.05), Asynchronous retrospective communication (£ = -.07, p > .05), Team x

Synchronous retrospective communication interaction (£ = .01, p > .05), nor Team x
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Asynchronous retrospective communication interaction (f = .15, p > .05). Thus,

Hypothesis 1 was not supported for the retrospective phase.

Table 29. Regression Model for Predicting Quality from Team Type, Retrospective Communication,
and Interactions

Predictors B SE B A t p R’
Team -.184 186 -.093 -.990 324 037
Retro synchronous 114 109 121 1.05 296

Retro asynchronous -.069 117 -.073 -.588 557

Team x Retro sync 020 181 014 110 912

Team x Retro async 218 197 148 1.11 271

Note. Synchronous and Asynchronous scores were mean centered. Team was coded such
that 0 = Co-located and 1 = Distributed. The overall model was not significant, F(5, 143)
=1.11, p > .05. The constant for the model = 3.00.

*p <.05. **p <.01. ***p < .001.

Agile Communication techniques for distributed teams

Next, the investigation further analyzes the impact of team member proximity, time
differences, frequency of daily team member contact, and language on asynchronous and
synchronous communication choices throughout the Agile development lifecycle. As
described in Figures 30, 31, and 32, synchronous and asynchronous communication score
for each distributed survey participant is shown. The figures display survey responses

(percentage of asynchronous verses synchronous) for each survey respondent.
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Figure 27. Distributed Asynchronous & Synchronous Responses —Release and Sprint Planning
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Figure 28. Distributed Asynchronous & Synchronous Responses- Scrum and & Design &Code
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Figure 29. Distributed Asynchronous & Synchronous Responses- Test & Integration and
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Moreover, distributed ASD teams face additional challenges with proximity of
team members, frequency of daily communication with other dispersed team members,
time differences, and potential language barriers. As discussed in the literature review,
these barriers contribute to poor team performance, increased delivery schedules, and
miscommunications that often lead to rework and poor software quality. As such, these
variables (proximity, frequency, time, and language) were examined to investigate the

relationship between these variables and asynchronous and synchronous communication.

Proximity

H2a: For distributed teams, proximity scores are positively related to
asynchronous communication scores, but not related to synchronous
communication scores.

Proximity refers to the physical distance that a particular ASD team is from each
other. The greater the proximity score, the wider the dispersal of places (number of

locations) the ASD is located. Figure 33 illustrates actual proximity responses from

survey participants.

114



Figure 30. Proximity Responses
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As explained in the results in Table 30, there are significant positive relationships
between proximity scores and asynchronous communication in three activities (two
phases): Sprint Planning ( = .309, p <.05), Design & Code ( = .349, p <.05), and
Integration & Test (r =.363, p <.01). The correlations for the other asynchronous phases
were positive, but not significant. Furthermore, the data supported negative correlations
between distributed ASD teams that are in numerous locations (higher proximity scores)
and synchronous communication (less synchronous communication) although the
correlations were not significant. In other words, distributed ASD teams that are in more
locations across the world tend to use more asynchronous communication over
synchronous communication. Thus, Hypothesis 2a was supported for three activities, and

the trend was in the right direction for the other three activities.
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Table 30. Pearson Correlations with Dependent Variable Proximity for Distributed ASD Teams
using Asynchronous and Synchronous Communication

Proximity

Asynchronous Synchronous
Release Planning .098 -.128
Sprint Planning .309%* -.115
SCRUM 189 -.072
Design and Code .349%* -.121
Integration and Test 363%* -.027
Retrospective 156 -.010

Note. N =50.
*p <.05. **p < .01.

Time

H2b: For distributed teams, time difference scores are positively related to
asynchronous communication scores, but not related to synchronous
communication scores.

Time refers to the time differences of ASD teams that are widely dispersed
throughout the world. Greater time scores related directly to the difference in time

(hours) for different project members of distributed teams. Figure 34 shows actual time

responses from survey participants.
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Figure 31. Time Responses
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As shown in Table 31, there are significant positive relationships between time scores
and asynchronous communication in all six activities (four phases): Release Planning
Sprint (» = .312, p <.05), Sprint Planning (» = .334, p <.05), Scrum (r = .321, p <.05),
Design & Code (r=.471, p <.001), Integration & Test (» =.500, p <.001), and
Retrospective (r =.316, p <.05). In comparison, very weak nonsignificant relationships
were found between time scores and synchronous communication for distributed ASD
teams. Thus, distributed ASD teams that have greater time differences are more likely to
use asynchronous communication over synchronous communication. Thus, Hypothesis

2b was fully supported.
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Table 31. Pearson Correlation with Dependent Variable Time for Distributed ASD Teams using
Asynchronous and Synchronous Communication

Time

Asynchronous Synchronous
Release Planning J312% .065
Sprint Planning 334% -.148
SCRUM 321* -.107
Design and Code AT A .000
Integration and Test S500%#* .048
Retrospective 316%* .086

Note. N =50.
*p <.05. ***p < .001.

Frequency

H2c: For distributed teams, communication frequency scores are positively
related to asynchronous communication scores, but not related to
synchronous communication scores.
Frequency refers to the number of information exchanges that ASD team members
perform in one day with other members in distributed sites. The greater the frequency

number, the more communication exchanges distributed ASD teams had in a particular

day. Figure 35 shows actual frequency responses from survey participants.
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Figure 32. Frequency Responses
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Kurtosis for frequency was 2.6; therefore, the variable showed a slight deviation from
normality. Consequently, the Pearson (parametric) and Spearman (nonparametric)
correlations were both applied to the data in case the deviation from normality distorted
the parametric results. There was no difference between the results. The results in Table
32 identified a positive relationship (except during release planning) between frequency
scores and asynchronous communication for distributed teams, but the correlations were
small and nonsignificant. The data also showed a positive relationship between
frequency and synchronous communication techniques, but these were also very weak
and nonsignificant. In other words, for distributed ASD teams, frequency does not
appear to be related to either asynchronous or synchronous communication. Thus,
Hypothesis 2¢ was not supported such that frequency was not positively related to

asynchronous communication.
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Table 32. Pearson & Spearman Correlations with Dependent Variable Frequency for Distributed
ASD Teams using Asynchronous and Synchronous Communication

Pearson Spearman
Asynchronous Synchronous Asynchronous Synchronous
Release Planning -.028 159 .016 .198
Sprint Planning .019 151 .021 .186
SCRUM 165 .190 137 258
Design and Code .069 .055 .074 .048
Integration and 148 172 .190 175
Test

Retrospective 139 .104 114 119

Sample sizes is N =50

Language

H2d: For distributed teams, primary language scores are positively related
to asynchronous communication scores, but not related to synchronous
communication scores.

Language referred to the number of primary languages an ASD team may use in
each locality. As research has shown [50], language barriers can affect the productivity
and efficiency of any project, especially Agile software development. The greater the

language scores, the more primary languages, which are used within various locations.

Figure 36 shows actual frequency responses from survey participants.
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Figure 33. Language Responses
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As shown in Table 33, a significant positive relationship was found between language
scores and asynchronous communication for: Design & Code (» = .308, p < .05), and
Integration & Test (» =.340, p <.05). The correlations for the other activities were in the
correct direction, although nonsignificant. The data also confirmed weak, negative
relationships between language scores and synchronous communication techniques, none
of which was significant. In practical terms, distributed ASD teams that have more
primary languages tend to use asynchronous communication. Thus, Hypothesis 2d was
partially supported for two activities and the trend was in the correct direction for the

other four activities.
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Table 33. Pearson Correlation with Dependent Variable Frequency for Distributed ASD Teams
using Asynchronous and Synchronous Communication

Language
Asynchronous Synchronous

Release Planning 175 057

Sprint Planning 077 -.174

SCRUM 267 -.156

Design and Code 308%* -.024

Integration and Test .340* -.110

Retrospective 132 017
Note. N = 50.

*p <.05.

Results Summary for Hypothesis 1

Through the examination of Hypothesis 1, the results supported (2 out of 6 ASD
activities) the belief that when synchronous communication scores were held constant for
co-located and distributed teams, asynchronous communication scores will predict
quality such that higher asynchronous communication scores will result in higher quality
for distributed teams, but not for co-located teams. Accordingly, to achieve higher
quality goals, distributed ASD teams should use higher forms of asynchronous
communication during Sprint Planning and Scrum phases of development. For
distributed ASD teams, synchronous communication techniques throughout the Agile
development process may produce comparable results, whereas, this approach could be
cost prohibitive and may not be as effective to convey richness of information for

worldwide dispersed teams.
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Table 34. Summary of Hypothesis 1

Phase Hypothesis 1
Release Planning Not Supported
Sprint Planning Supported
SCRUM Supported
Design and Code Not Supported
Integration and Test Not Supported
Retrospective Not Supported

Results Summary for Hypothesis 2

After testing Hypothesis 2, the results supported the concept that within
distributed ASD teams, proximity, frequency, time, and language scores are positively
related to asynchronous communication scores, but not related to synchronous
communication scores (except for frequency). Through correlation techniques, the data
confirmed a positive relationship between proximity, time, and language and
asynchronous communication for several phases. Consequently, distributed teams that
are more dispersed, have greater time distances between team members, and use more
primary languages to communication tend to use more asynchronous communication
techniques. Likewise, ASD teams that communicate more times per day with their
dispersed team members tend to use equal amounts of synchronous and asynchronous
communication. As discussed in Table 6, (3 out of 4) hypotheses were fully or partially

supported.
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Table 35. Summary of Hypothesis 2

Variable Hypothesis 2
Proximity Partially Supported
Frequency Not supported

Time Fully Supported
Language Partially Supported

124



CHAPTER VI - DISCUSSION, RECOMMENDATIONS,
CONCLUSIONS, AND FUTURE WORKS

Discussion

Evolving into a mainstream software development methodology, Agile is yielding
noticeable improvements in the quality of software projects [100]. A material
contribution to the success of ASD is the presence of clear and concise communication
within development teams. In most cases, communication can be both synchronous
(spoken) and asynchronous (written). As discussed throughout this paper, each technique
provides advantages and disadvantages for software developers and influences the quality
of software produced.

The following were the goals of this research:

1) identifying the linkage between synchronous and asynchronous communication
and quality;

2) describing the extent to which proximity, language, frequency, and time
influence synchronous and asynchronous communication.

The research investigated the following questions:

e Can higher levels of asynchronous communication during the Agile

development life cycle predict quality for distributed and co-located ASD
teams?

e Do proximity, language, frequency, and time have an effect on how
distributed Agile teams communicate?

The first goal of the research was to determine the effects of synchronous and
asynchronous communication for ASD teams and the impact on quality. The findings
support a mixture of results demonstrating that asynchronous communication for
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distributed teams has the ability to predict quality within the sprint planning and scrum
activities during the Agile development life cycle for the sample. Within distributed
teams, these two activities show lower task uncertainty, supporting the notion that leaner
communication can be leveraged to overcome uncertainty. Moreover, the survey data
showed that richer communication exchanges for distributed teams are necessary during
the other four ASD activities. It appears that these tasks have higher levels of
uncertainty, and that richer communication is needed to translate evolving user
requirements into quality product deliveries. Thus, ASD teams need a blended approach
to communication to produce quality software.

The second goal was to examine the effects of proximity, language, time, and
frequency on communication methods of distributed ASD teams. The question is
whether proximity, language, frequency, and time have an effect on how distributed
Agile teams communicate. The results support the inference that when ASD teams are
more widely dispersed, have greater time distances between team members, and use
multiple primary languages to communicate, distributed ASD teams tend to use more
asynchronous communication. Likewise, ASD teams that communicate more frequently
each day with their dispersed team members tend to use equal amounts of synchronous
and asynchronous communication. These results are consistent with the documented
obstacles posed by working time difference and language barriers referenced throughout
the literature review. Global ASD teams with numerous cultural and language challenges
tend to prefer asynchronous communication over synchronous communication. Written
communication better facilitates the re-examination of communication exchanges without

the pressure to respond in real time. This allows recipients of messages to comprehend
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and understand the message before composing a response.

The research confirmed that communication is an important factor throughout the
ASD life cycle. Initially, the study investigated the effects of synchronous and
asynchronous communication techniques of distributed and co-located ASD teams and
the resulting impact on quality. Additional research questions were:

e Can distributed Agile software development (ASD) be as effective in
terms of quality as co-located ASD?

e With the maturity of collaboration tools and the evolution of Agile
techniques, is synchronous communication still of great importance in
today’s global Agile efforts?

e Does synchronous communication have a major impact on quality?

As this study determined, co-located teams use synchronous communication techniques
more frequently than do distributed teams. The results illustrate, however, that teams
using synchronous communication do not achieve significantly superior outcomes as
compared with their distributed counterparts.

Evidently, distributed ASD teams lack continuous and direct face-to-face,
synchronous interaction with their colleagues; one would assume that this would be a
disadvantage. The Agile Manifesto declares that “the most efficient and effective method
of conveying information to and within a development team is face-to-face conversation”
[83]. Regardless, this investigation suggests that synchronous communication is not an
absolute requirement to achieve higher quality for distributed ASD teams. Distributed
ASD teams appear to choose leaner synchronous communication (teleconference and
online chat) and richer asynchronous communication (web-based tool and e-mail) to

accomplish each activity. On the other hand, as demonstrated throughout the research,

other variables — for example, proximity, language barriers, time difference, and
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frequency of contact — can affect communication choices and outcomes for distributed
ASD projects.

In addition, the data also supports an inference that distributed ASD teams are
achieving quality successes similar to that of co-located teams. One factor could be the
evolution of Agile as a mainstream developmental methodology (improved Agile
knowledge, experience, and understanding within teams) in which Agile teams — co-
located and distributed -recognize the most expedient methods, processes, and outcomes.
Sound Agile education and guidance combined with opportunities for on the job training
maybe facilitating knowledge improvement and productivity of developers. This new
awareness could be enabling organizations to produce quality software using Agile in
distributed ways while still reaching cost, schedule, and quality goals.

Another reason distributed ASD efforts are realizing success could be the
influence of new and emerging collaboration tools. The collaboration tool market has
dramatically increased in market share and effectiveness since the Agile Manifesto was
signed in 2001 [122]. Many of these tools are facilitating “real-time” simulated, face-to-
face collaboration for geographically dispersed organizations, which in turn is helping
yield results similar to those of co-located ASD, while at the same time reducing costs
and streamlining production cycles. Regardless, the success of co-located or distributed
ASD teams meeting cost, schedule, and quality goals will be directly linked to the
rudimentary process of how one person sends a message and how another receives and
adeptly interprets it. Collaborative tools are facilitating an efficient and streamlined
process that is enabling teams located hundreds of miles apart to accurately decipher

messages sent.
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Recommendations

As discussed throughout the paper, ASD is transcending into a mainstream
software development technique that is able to deliver quality deliveries. As noted, Agile
is positioned to quickly respond to changing and unpredictable user requirements without
sacrificing cost, schedule, and quality. The following recommendations are for
organizations desiring to benefit from ASD.

First, managers in organizations must understand the advantages and
disadvantages of Agile. ASD is an iterative process, initially delivering low-
functionality, but over time additional features. Clear expectations must be provided to
users about this evolutionary product development technique. Next, managers must
understand that all requirements can not be defined up front, nor the totality of the final
product’s functionality captured during the initial requirement analysis. The strength of
Agile is its ability to manage changing requirements while keeping schedule and cost
constant. Using Agile with a Waterfall methodology will not produce optimal results.
Next, constant, clear, and precise communication is needed within the development team
to be successful. As described throughout the dissertation, communication (synchronous
and asynchronous) is important for increasing the quality of software. The research
supports that more synchronous (real-time) communication is optimal during the Scrum
Meetings and Sprint Planning to produce quality products.

Another best practice is the use of liaisons among distributed teams to establish
clear communication channels and trust between software development sites. Over 50%
of survey respondents reported that they use liaisons in geographic regions to help

promote success in their Agile project. Research has shown that liaisons can aid local
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members to overcome certain communication challenges, increasing trust between sites,

and helping synchronize development efforts [49],[82].

Conclusions

New environmental, organizational pressures, and competitive markets are
forcing organizations to produce quality software with shorter developmental cycles. As
one could expect, these goals could be counterintuitive. Many corporate entities,
however, are leveraging fertile international software engineering resources. Technical
professionals are facilitating 24-hour software development cycles with lower human
capital costs. Within this new paradigm, software engineers still must combat the
adverse impacts of unstable and shifting specifications that affect software design and the
final quality of products produced. Co-located ASD teams have shown their value in
responding to dynamic and evolving user requirements that ultimately affect the
products’ final levels of quality. Specifically, in this new dispersed environment,
software engineers need the capability to convey specific thoughts within an ASD team
through succinct communication. These actions will assist ASD teams in achieving the
common objective of quality software that affects performance, schedule, and cost.

Therefore, distributed ASD teams must be able to successfully translate
synchronous communication requirements into appropriate levels of asynchronous
communication functionality. Initially, this may be a difficult task for ASD teams, but
once achieved, distributed ASD teams can consistently enjoy successes similar to that
achieved by co-located ASD teams.

ASD is dependent on clear and precise communication within the development

team. Face-to-face communication at a whiteboard is the richest synchronous
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communication mechanism. This type of communication provides contextual insights,
with the added benefits of gestures, physical cues, and visualization. As Ocker et al.
describes, the initial stages of team formation, teams may benefit from using a moderate
degree of face-to-face communication [89]. Face-to-face interactions offer richer
communication which has shown to lessen uncertainty, thus increasing perceived trust
and social connection among team members. Since the forming stage of group dynamics
is usually an unstable period, face-to-face communication may be helpful to improve
clarity and transparency. In the Ocker et al. comparative investigation that analyzed the
effectiveness between face-to-face, synchronous computer conferencing, asynchronous
computer conferencing, and a combined face-to-face and asynchronous computer
conferencing teams, researchers found that teams that achieved the highest effectiveness
used a blend of face-to-face communication and asynchronous communication [89]. This
approach may be a key success factor in achieving quality in ASD projects in distributed
localities.

In conclusion, the data supports the hypothesis that communication choices in
certain phases and activities can influence software quality in ASD. This notion partially
supports the overall deliberation that distributed ASD teams using a high level of
asynchronous communication can be just as effective as co-located (using primarily
synchronous communication) ASD teams in terms of producing quality products. Agile
Practitioners recommend that face-to-face (synchronous) communication within the
development team is an important attribute in Agile’s success, but distributed teams in
the survey used leaner synchronous (teleconferencing and chat) and richer asynchronous

communication (web-based tracking tools, e-mail) techniques and achieved results
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similar to those of their co-located counterparts. Whether distributed or co-located,
communication within ASD teams is a significant factor.

As the founding fathers of Agile argued, face-to-face, synchronous
communication is absolutely necessary in achieving success in terms of cost, schedule,
and quality software releases [83]. The current research appears to support the
conclusion that face-to-face, synchronous communication is still essential, but that it may
not be as significant in today’s environment as it was a decade ago. Agile is helping

organizations achieve cost, schedule, and performance/quality goals.

Future Work

Analyzing communication techniques in ASD teams is a new and intriguing
research area. This investigation focused on understanding communication techniques,
location, and impacts on quality. While perhaps not recognized by all, Agile is a
communication-intensive software development method. Communication is a key
success factor for ASD.

Research should continue in this area to improve practical and academic
knowledge that can translate into productivity in ASD. ASD is still fairly new, and many
potential users and development teams still need additional evidence of its effectiveness.
Thus, in addition to analyzing quality characteristics, other areas of future work should
include:

e investigating the influence of communication choices on cost and
schedule;
e recognizing how communication and the speed of feedback affects

performance factors in ASD projects;
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e comparing the success rates of face-to-face communication with all other
forms of communication for ASD projects;

e understanding how frequency of contact and method of communication
influence development practices for co-located ASD teams;

e analyzing how culture and trust affect communication choices among co-
located and distributed ASD teams;

e determining whether the experience level of team members increases or
decreases the effectiveness of Agile methods

e measuring the influence of various collaboration tools to facilitate Agile
software development .

Agile Software Development is a progressive technique to mitigate the challenges
of ever-evolving user requirements, while still meeting cost, schedule, and
performance quality standards. ASD provides users with their requested functionality
while incrementally delivering software. There is, however, very limited empirical
research on the true viability of Agile in distributed environments that use a blend of
rich and learn communication and measures impacts throughout the Agile
development lifecycle. In addition, there is little research about communication
choices of ASD teams. As software companies and organizations continue on a path
to globalize, improve efficiencies, and implement cost-saving divisions of labor
routines, they must understand how to maximize efficient and effective
communication within a distributed Agile environment. This challenge will directly

affect how organizations understand and satisfy user requirements, build and design
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software, how companies develop collaboration tools, and how development teams

share information within this new global arena.
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APPENDIX A — Glossary

Software Quality — “the density of post-release defects in a software project that is
usually measured as the number of defects per thousand lines of code” [54].

Agile methods — “the application of time-boxed iterative and evolutionary development,
adaptive planning, evolutionary delivery, and other values and practices that encourage
rapid and flexible response to change” [73].

Iterative development - “an approach to building software in which the overall lifecycle
is composed of several iterations in sequence” [73].

Requirement — “a condition or capability needed by a user to solve a problem or achieve
an objective; a condition or capability that must be met or possessed by a system or
system; component to satisfy a contract, standard, specification, or other formally
imposed document” [66].

User stories — During Agile system development, the process of subdividing system
requirements into smaller manageable sections.

Sprint- a fixed period of time in which functionality will be developed to completion
[36].

Communication — “a two way process in which a sender sends a message, which is
delivered, to the required person. And as a reply, the person generates a feedback and
when the feedback reaches the sender the process is completed” [9].

Communication Mediums — various tools and methods that allow individuals to exchange
information.

Asynchronous Communication — interaction between more than one participant that
occurs during a delayed period.

Synchronous Communication — interaction between more than one participant that occurs
in real-time without delay.
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APPENDIX B — Survey

Communication Techniques of Agile Development Teams

Welcome to "Understanding Communication Techniques of Agile Teams" survey by Ronzelle Green and
Scott Ambler. The specific goals of this survey are as follows:

(1) Describe communication techniques of agile development teams and
(2) Determine the effects of communication methods, experience, and language on software quality

There's a lot of rhetoric flying around out there but not a lot of hard data, making it very difficult for IT
departments to make fact-based decisions as to how to organize the work that they do. You can help
to rectify this problem by filling out this survey as honestly and thoroughly as you can.

This survey should take you about 5-7 minutes to complete. Thank you very much for investing your
valuable time to fill it out.

Enter the Draw to Win a Book!
To entice you to fill out the survey we'll be drawing for 10 copies of Mike Cohn's "Succeeding with

Agile”. For more information about the book, visit http: //www.mountaingoatsoftware.com/books/7-
succeeding-with- agile-software-development- using-scrum.

What we're doing with the information:

The results of this survey will be summarized in a forthcoming Dr. Dobb's Journal newsletter.
Furthermore, this is an open survey, so the source data (without identifying information to protect your
privacy), a summary slide deck, and the original source questions will be posted at

www . ambysoft.com/surveys/ so that others may analyze the data for their own purposes. Data from
previous surveys have heen used by university students and professors for their research papers, and
hopefully the same will be true of the data from this survey. The results from several other surveys are
already posted there, so please feel free to take advantage of this resource.

* 1, What best describes how your Agile team (recent or current) is
structured?
Definitions:
Co-located (Everyone in same room), Near-located (Everyone within
driving distance)}, Far-located/Geographically Distributed (Planes needed to
be involved to get together physically).

O Co-located
O MNear-located

O Far-located/Geographically Distributed

O Mo agile experience

Page 1
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Communication Techniques of Agile Development Teams

2. Your Far-located/Geographic Distributed Agile Team

* 1. What best describes your role on the agile development team?

H

* 2. How long have you been using agile development methods?
O Less than 1 year O 1-2 years O 3-4 years O 5-10 years O Over 10 years
* 3, How long has your team been using agile development methods?

O Less than 1 year O 1-2 years O 3-4 years O 5-10 years O Over 10 years

* 4. How many people were/are on your entire agile team?

|

* 5, What is the success rate {(as your organization defines success) for all
agile projects in your organization?

H

* 6. In your agile development project, how many geographic regions is your
team located?

|

* 7. There is a difference of hours between our two furthest
geographically distributed agile teams.

H

* g. At the start of our agile project, we perform sprint 0/release planning
of the initial development team collocated in one location.

z
H;
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Communication Techniques of Agile Development Teams

3. Language & Performance of Your Far-located/Geographically
distributed A...

* 1. Team members on our entire far-located/geographic distributed agile
project have primary spoken languages.

Ol OZ OS O4 OSorMore

* 2. How well do you agree with the statements below:
Language barriers affect the productivity of our far-located/geographic
distributed agile team.

H

* 3, Team members in our Far-located/geographic distributed locations felt
they were able to effectively communicate with other far-
located/geographic distributed team members.

ﬂ

* 4. We used liaisons (on-site) to help facilitate communication between our
far-located/geographic distributed agile teams.

H

* g, During our agile project, there is/was a high level of trust between team
members in our far-located /geographic distributed locations.

ﬂ

* 6. Our agile project was considered successful (as your organization defines
success).

H

* 7. Our agile project met the quality goals.

H

* 8. our agile project met cost/budget goals.

H

* 9, our agile project met the schedule goals.

ﬂ
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Communication Techniques of Agile Development Teams

* 10. Outside your daily stand-up/Scrum meetings, (on average) how
frequently do you communicate with members in your Far-
located/geographic distributed agile team?

*11. Our far-located/geographic distributed agile team believes the quality
of the software produced is similar to the quality that would be produced by
a collocated agile team.
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Communication Techniques of Agile Development Teams

4. Your Near-located/Co-located Agile Team

X 1. What best describes your role on the agile development team?

|

* 2, How long have you been using agile development methods?
O Less than 1 year O 1-2 years O 3-4 years O 5-10 years O Over 10 years
* 3, How long has your team been using agile development methods?

O Less than 1 year O 1-2 years O 3-4 years O 5-10 years O Over 10 years

* 4. How many people were/are on your entire agile team?

H

* 5. What is the success rate (as your organization defines success) for all
agile projects in your organization?

!

X 6. In your agile development project, how many geographic regions is your
team located?

H

* 7. There is a difference of hours between our two furthest
geographically distributed agile teams.

!

* 8. At the start of our agile project, we perform iteration/sprint 0 with
of the initial development team collocated in one location.

]

155




Communication Techniques of Agile Development Teams

5. Performance of Your Co-located & Near-located Agile Team

How well do you agree with the statements below:

* 1. Team members on our agile project felt they were able to effectively
communicate with other team members.

* 2, During our agile project, there is/was a high level of trust between team
members.

1

* 3, Our agile project was considered successful (as your organization defines
success).

* 4. Our agile project met the quality goals.
* 5. our agile project met cost/budget goals.

1

* 6. Oour agile project met the schedule goals.

* 7. Outside your daily stand-up/Scrum meetings, (on average) how
frequently do you communication with your co-located or near-located agile
teams?

—1
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6. Communication Techniques of Your Co-located & Near-located
Agile Teams

* 1, During high-level release planning, initial requirements envisioning, and
conceptual architecture design at the start of the project, we used the
following communication techniques to convey information within our agile
team:

About Half th
Always Usually ou ‘ 2 & Seldom
Time

Don’t Know

Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O 0O O 0000 OO
O 0O O OOCO OO
O 00O O 0000 O O
O 0O O 0000 O O
O 000000000
O 0O O OO0O O O

* 3, During Iteration/Sprint Planning, we used the following communication

techniques to convey information within our agile team:

About Half the
Always Usually ‘ Seldom
Time

Don't Know

Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O 0O O 0000 O O
O 0O O 0000 O O
O 0O O 0000 O O
O OO O 0000 O O
oJoloNeJolololoNoXON
O OO O 0000 O O
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%3, During daily stand-up/Scrum meetings, we used the following

communication techniques to convey information within our agile team:
About Half the
Always Usually . Seldom Never Don't Know
Time

Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O 00 O O000O O O
O 00 O 0000 O O
O 00 O OO00 O O
O 00O O O000 OO
O 00O O 0000 O O
O 00O O 0000 O O
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7. Communication Techniques of Your Co-located & Near-located
Agile Teams

* 1. During design and coding of software, we used the following

communication techniques to convey infermation within our agile team:

About Half the
Always Usually ) Seldom Never Don't Know
Time
Face-to-face at a
Whiteboard
Face-to-face

communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O 00 O 0000 C O
O OO O 0000 O O
O QO O 0000 OO
O OO0 O OO0O0 OO
O OO O OO0 O O
O OO O OO0 O O

2. During integration and testing, we used the following communication

techniques to convey information within our agile team:

About Half the
Always Usually . Seldom
Time

Don't Know

Face-to-face at a
Whiteboard
Face-to-face

communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O OO O 0000 O O
O OO O OO0O00 O O
O OO0 O OO0 O O
O OO O O00O O O
OO0 O 000000 ¢
O OO O 0000 O O
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* 3, During retrospectives, we used the following communication techniques

to convey information within our agile team:
About Half the

Always Usually Time Seldom Don't Know
Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O OO O OO0 O O
O CO O OOOO O O
O 00O O 0000 O O
O OO O OO00 O O
O 0O O 000000 E
O OO O 0000 O O

4, Our Agile Team believes the best method to build trust within our agile
team:

I
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8. Communication Techniques of Your Distributed Agile Team

* 4, During high-level release planning and conceptual architecture design at
the start of the project, we used the following communication techniques to
convey information between our far-located /geographic distributed agile

teams:
About Half the

Always Usually Time Seldom Don't Know
Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O 00 O 0000 OO
O OO0 O 0000 OO
O 00 O 0000 OO
O OO0 O 0000 OO
O OO0 O 0000 0O
O 00 O 0000 OO

2, During Iteration/Sprint Planning, we used the following communication
techniques to convey information between our far-located/geographic

distributed agile teams:
About Half the

Always Usually Time Seldom Don't Know
Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O 00 O 0000 OO
O OO0 O 0000 O O
O 00 O 0000 OO
O 00 O 0000 OO
OO0 O 000000
O 00 O 0000 C O
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* 3, During Daily Scrum Meetings, we used the following communication
techniques to convey information between our far-located/geographic

distributed agile teams:

About Half the ,
Always Usually . Seldom Never Don't Know
Time
Face-to-face at a
Whiteboard
Face-to-face

communication
Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O OO0 O 0000 O O
O 00 O 0000 OO
O OO O 0000 O O
O OO O 0000 O O
O 00 O 0000 O O
O 00 O 0000 O O
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9. Communication Techniques of Your Distributed Agile Team

* 1. During design and coding of software, we used the following
communication techniques to convey information between our far-

located/geographic distributed agile teams:

About Half the
Always Usually . Seldom
Time

Don't Know

Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O 00 O 0000 O O
O 00 O 0000 OO
O OO0 O 0000 OO
O 00 O 0000 OO
O 000000000
O 00 O 0000 OO

2. During integration and testing, we used the following communication
techniques to convey information between our far-located/geographic

distributed agile teams:

About Half the
Always Usually ) Seldom
Time

Don't Know

Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O OO0 O OO0 OO
O OO0 O OO0 O O
O OO0 O OO0 O O
O 00 O 0000 OO0
O 00 O 000000}
O 00 O 0000 O O
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* 3, During retrospectives, we used the following communication techniques
to convey information between our far-located/geographic distributed agile

teams:

About Half the
Always Usually . Seldom
Time

Don't Know

Face-to-face at a
Whiteboard
Face-to-face
communication

Videoconferencing
Teleconference

Online Chat
Web-based Tracking
Tool
Podcast/Recorded
Webcast

Email

Overview
Documentation
Detailed
Documentation

O OO O OO0O0 O O
O 00O O 0000 OO
O OO O 0000 O O
O OO O 0000 O O
O OO0 O 00COO O
O OO O O00CO OO

* 4. our Agile Team believes the best method to build trust between our far-
located /geographic distributed agile teams is:

—
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10. Contact Information

* 1. Please provide your email address so we may contact you if you are
drawn. Your email address will not be used for any other purpose and will
be kept private.

I \
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Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed

H1

Quality
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APPENDIX C — Survey Responses (Quality)

Release
Planning Planning

Sprint

Scrum Design&Code

Syn Asyn Syn Asyn Syn Asyn Syn

1

1
2.6
2.6
1.6
1.6

3
2.4
2.4
3.2
3.8
3.4

3
2.4
2.2
2.6
3.2
3.4
3.2
3.2
4.2
3.4
2.6
3.6
3.4
2.6
0.6
2.4
2.4
3.6

2

3
3.2

5
2.8
3.8

4
2.4

3

4

4
2.4

3
2.2
3.2
3.2
2.6

1

0
2.6
2.2
1.6
2.2

4
3.2
3.4
3.8
3.4

4
2.6
2.4
2.4

3

3
4.4
3.8
2.4
3.2
2.8
3.6
3.8
2.8
3.2

2
2.4
4.6
2.8
2.6
1.4

3
4.2
3.8
2.2
4.4
2.8
3.8
2.8
3.8
3.6

3
2.4
3.8
2.8
2.2

3.8

1
2.6
1.8
1.6
1.6
2.2

2
2.2
3.2
3.8
2.8
2.6
24
2.6
2.6
2.2
4.2
3.2

3
2.4
3.6
2.6
24
2.8
2.6

2
2.8
2.2
3.2

2
2.2
2.8
3.2
2.8
3.6
2.6
24
2.6
3.8
3.6
2.2
2.8
2.2

3
2.8
2.6

4
0
2.4
1.8
1
3
4
2.6
2
3.6
3.6
4
3.6
3.6
3.2
3
3
4
3.8
2.6
2.6
2.6
4
3.4
4.2
3
1
2.8
3.8
3.2
3.2
2.2
2.6
3.4
3.8
2.2
3.8
2.8
4
2.8
4.4
4.2
3
2.4
3.8
2.8
2

3.8

1

2
2.2

1
1.8
2.6

2
2.2
3.2
3.8
2.8
2.8
2.8
2.6

2
2.4

4
2.8
2.8
1.2
3.8

2
2.8
2.4
2.8

1
2.8
1.8
3.2
1.8

3
2.4
2.8
2.8
34
2.4
1.8
2.6
2.8
3.2
1.8
2.6

2

3

3
2.4

3
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2.2

0
3.2

2

2
1.4
2.4
2.2
2.2
3.2
3.4
2.8
2.8

3
2.6
2.4
2.2
3.8
3.2
2.6
1.4
3.4
1.4
2.4
2.2
4.2
1.6
2.8
1.8
3.6
2.2
2.6
2.6
3.2
2.8
3.6
3.6
2.4
2.6
3.2

4
1.8
2.6
2.2
3.6
3.4
2.8

Asyn

2.8

1
2.6
1.8
1.6

3

5

3
2.2
2.2
4.2
4.8

5
4.4
3.6

3
3.2

3
3.6
2.8
1.8

3
34
3.6
3.4

3

1
34
3.8
34
2.8
3.2
2.4
34

4

3
3.2

2
3.8
1.8
4.2
3.6
2.6
2.2
3.8
2.8
1.4

Integration
& Test
Syn Asyn
26 26
0 1
32 24
1.8 1
1 1.8
1.6 3
2.6 5
2 3
22 22
32 24
4 34
2.8 4
2.8 5
32 42
2.6 4
32 28
22 3
34 36
32 38
2.8 3
1.4 1.4
38 28
2.6 3
24 32
28 3.2
28 22
26 28
28 28
1.8 338
3 32
1 2.8
26 26
24 3
3 36
3.2 4
4 28
26 34
2 1.6
26 3.8
3.2 1.6
3.6 4
2 32
26 34
1.8 1.8
36 3.8
2.6 3
2.8 1.4

Retrospective

Syn

3.4

0
2.2
1.8
1.6
1.8
2.6

2
2.2
3.2
3.6
2.8

3

3
2.8
2.8
2.2
3.4
3.2
2.4

1
3.8
1.8

3

2
34

2
2.8

2
3.2
1.8

2

2
3.8
2.8
3.6
2.6
2.4
2.6
3.2
3.6
1.8
2.8
1.8

3
2.8
2.6

Asyn
2.2

Total
Lifecycle
Syn  Asyn

2.80 260
0.50 0.50
263 223
2.03 147
1.47 1.33
1.63 240
257 3.93
210 257
223 233
320 283
3.73  3.40
290 3.80
2.83 420
2.80 3.90
2,57 3.00
260 270
240 3.03
3.70 3.43
3.13  3.60
2.80 250
193 203
3.63 2.63
217 2.87
277 317
260 3.13
3.07 2.87
1.63  1.47
273 283
2.00 347
330 290
1.80 250
257 247
257 243
3.50 3.60
2.87 3.73
3.67 247
297 3.07
223 223
2.67 3.87
3.37 210
3.67 3.97
2.00 297
273 277
2.03 1.87
3.23 3.50
297 283
263 1.33
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1.8
3.2

3.2

2.2

2.2
1.8
2.6
2.6
2.6
3.8

2.6
2.6
2.4
2.6
2.6
2.6
2.2
3.2
2.2
24
2.8
2.6
3.8
2.6
2.6
24
1.6
1.4
3.4

2.2
1.8
3.2
3.6

2.4
2.6
2.2
2.6
2.8
3.8
4.4
0.8
3.2
1.8

1.6
3.8
3.4

1.6
2.6
1.8

2.8
1.2
2.6
3.2

1.2

1.8
1.8
2.8
2.6
2.8
2.2
2.2

1.2
3.4
1.4
1.4

3.4
1.6
1.2
4.2
2.4
1.6
1.4

1.6
2.8

0.8

1.8
1.8
1.4
2.6
4.6
0.8
3.4
1.4
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1

3.4

1.6

2.6

1.8
1.6
24

1.4

1.4
2.8
3.6
2.6
24
24
22
1.2
2.6
1.2

1.8

24

3.6
2.6
1.6
1.8

1.6
2.8
4.2
0.8
1.8
1.8
2.2
1.6

4.6
1.8
3.4

1
3.4
2.4
2.6

2.6
3.8
2.6

2.4
2.6
3.2
2.6
3.6

2.6

2.2
2.6
2.6
2.6
2.6
2.6
2.8
2.6
1.8
2.4
3.4

2.6
3.6
1.6

3.4
3.4
1.2
2.6
3.2
3.6
1.8

2.4

1.8

4.4

3.8
2.6

N

N > -
O =1- I NN

1.70
2.60
2.77
3.07
2.03
2.40
3.13
2.63
1.83
2.37
2.70
3.13
2.57
3.67

2.93
2.37
2.43
3.23
2.50
2.50
2.20
2.77
2.70
2.53
2.43
2.60
3.20
2.53
2.47
3.17
2.03
2.33
3.13
2.83
1.80
2.27
3.17
3.47
1.97
2.97
3.00
2.03
2.23
2.77
2.43
3.37
4.43
1.07
3.50
1.73

1.37
3.07
3.20
1.80
1.80
3.00
213
2.23
1.97
1.30
243
3.87
1.80
1.23

1.90
1.43
1.83
2.37
2.87
213
1.77
1.90
1.90
1.30
2.23
1.50
1.30
1.73
1.57
3.57
1.77
2.00
3.30
2.40
1.43
1.90
2.00
1.60
2.80
3.00
1.63
1.80
1.63
1.73
1.37
213
4.80
1.10
2.93
1.07



Co-located
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2.6
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2.8
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3.4
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1.8
2.6
4.2
2.6
2.2
2.6
2.6
2.4
2.6
1.8
2.6
2.4
3.4

3.6

2.6
2.6
2.8
2.6
3.4

2.4
2.8
2.2

2.2

3.2
2.8
2.2
2.2

2.4
2.8

1.6

3.4
3.6
1.2
2.4
3.2
1.4

24
3.4
0.8

3.8

24
1.6
3.4
1.6

3.2
1.2

2.8
2.4
1.2
1.4
2.6
4.2
2.4

2.2
1.6
2.4

2.6
2.8
2.2
2.8
2.6

24
1.6
2.6
3.6

1.8

2.8
24

2.6
3.2
3.2

2.2
2.4
3.4
3.8
2.8
2.6
3.2
4.4
1.6
22
3.4
3.8
3.6
1.8
2.6
4.4
2.6

2.6

2.6

1.8
2.6
2.2
3.4
2.8
3.4

2.8
2.6
2.6
2.6
2.6
2.8
2.2
2.8
2.2
2.2
22
2.6
2.6
2.8
22
1.8
2.8
2.6

3

1.4

2.4
3.2
2.2
0.8
2.6

1.4

2.8
2.2
0.8
1.6

3.4

1.2
3.4

2.6
0.8

2.6

1.2
2.6

2.4

2.2
2.2
1.6
3.2
1.6
2.2
2.4
2.8

3.6
2.4
2.4

2.2
1.6
1.2

2

2.6
2.6
2.8
2.6
2.2
1.8
2.8

2.6

24
3.6

22
3.4
3.2
3.2

2.8
3.4
22
22
1.8
2.8
2.6
2.8
1.8
2.6
24
2.8
2.6
2.6

3.8
2.6
2.6
2.6
3.4

24
2.8

1.8
22
1.8
2.6
2.6
1.6

2.6
2.6
2.6
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2.2
2.2
2.6
2.8

2.2
2.6
3.2
2.6
3.2
2.8
3.6
0.6
24
3.4
3.8

2.8
2.2
2.6
24

2.6

1.8
2.6
1.8

2.8
2.6
0.8
2.2
2.4
2.6
2.6
3.6
3.2
2.6
2.8
2.2
2.2
2.2
2.6
2.8
2.8
2.2
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1.6
3.8
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4.2
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2.4
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2.8
2.2

1.4
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24
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2.6

24

1.8
24
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24
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1.4
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2.6
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2.6
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3.2
2.8
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1.8
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2.6
2.6
2.8
2.4
2.6
2.2
2.8
2.6
2.6
2.6
24
3.8
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2.6
2.6
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2.8
3.4

1.8
2.6
2.6
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1.6
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2.6
2.6
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2.40
2.63
2.93
3.13
2.33
2.20
2.77
3.23
2.63
2.60
2.73
3.57
1.07
2.27
2.90
3.40
2.80
2.30
2.50
3.50
2.37
213
247
2.77
2.37
2.80
1.67
2.60
2.03
3.03
2.70
3.07
0.93
2.90
2.43
2.63
2.60
2.93
2.90
2.33
2.80
217
1.87
2.07
2.37
2.67
2.80
2.07
2.10
2.87
247
2.80

1.17
1.80
3.27
2.20
2.37
1.20
2.03
2.43
1.40
1.63
2.13
2.50
0.67
1.63
217
3.37
2.27
2.63
1.30
2.47
1.17
1.43
2.47
1.17
1.63
2.20
2.13
1.10
1.60
2.13
3.97
1.67
0.40
1.83
1.57
1.77
3.33
1.87
1.97
2.50
2.80
1.80
2.03
1.67
1.70
1.90
2.37
2.10
1.87
2.33
1.70
1.90



APPENDIX D — Survey Responses (Proximity, Frequency, Time, and

Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed
Distributed

H2a

Proxmity Frequency Time Language Syn Asyn Syn

3
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H2b
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H2c
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H2d

3

4
3
2
1
2
2
2
1
2
3
1
2
2
2
2
4
2
2
2
5
2
2
3
2
2
2
3
1
3
1
2
1
1
2
2
1
2
2
1
2
3
3
2
2
1
2
2
2
3

Language)
Release Sprint S
Planning  Planning crum

1.00
1.00
2.60
2.60
1.60
1.60
3.00
2.40
2.40
3.20
3.80
3.40
3.00
2.40
2.20
2.60
3.20
3.40
3.20
3.20
4.20
3.40
2.60
3.60
3.40
2.60
0.60
2.40
2.40
3.60
2.00
3.00
3.20
5.00
2.80
3.80
4.00
2.40
3.00
4.00
4.00
2.40
3.00
2.20
3.20
3.20
2.60
2.20
2.00

3

1.00
0.00
2.60
2.20
1.60
2.20
4.00
3.20
3.40
3.80
3.40
4.00
2.60
2.40
2.40
3.00
3.00
4.40
3.80
2.40
3.20
2.80
3.60
3.80
2.80
3.20
2.00
2.40
4.60
2.80
2.60
1.40
3.00
4.20
3.80
2.20
4.40
2.80
3.80
2.80
3.80
3.60
3.00
2.40
3.80
2.80
2.20
2.20
3.80

3.2

3.8

1
2.6
1.8
1.6
1.6
2.2

2
2.2
3.2
3.8
2.8
2.6
2.4
2.6
2.6
2.2
4.2
3.2

3
24
3.6
2.6
2.4
2.8
2.6

2
2.8
2.2
3.2

2

2.8
3.2
2.8
3.6
2.6
24
2.6
3.8
3.6
2.2
2.8
2.2

3
2.8
2.6

2

2

3
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4
0
24
1.8
1
3
4
2.6
2
3.6
3.6
4
3.6
3.6
3.2
3
3
4
3.8
2.6
2.6
2.6
4
34
42
3
1
2.8
3.8
3.2
3.2

2.6
3.4
3.8
2.2
3.8
2.8

4
2.8
44
42

3
2.4
3.8
2.8

2

1

3
3.2

3.8
1
2
2.2
1
1.8
2.6
2
2.2
3.2
3.8
2.8
2.8
2.8
26
2
2.4
4
2.8
2.8
1.2
3.8
2
2.8
24
2.8
1
2.8
1.8
3.2
1.8
3

22 22

2.4
2.8
2.8
3.4
24
1.8
2.6
2.8
3.2
1.8
2.6

2

3

3
24
2.2

2
2.2

3

0
2.4

1

1
16

2

2

2
14
38
42

4
44
3.2

2

3
32

3
28
16
18
14
3.2

2
26

1
2.8
2.4
3.2
18
3.2
18
3.4
3.8

2
18
16
38
12
32
22
26
14
38
28

0
14
2.2
26

Design & Integration

Code

2.2

0
3.2

2

2
14
24
2.2
2.2
3.2
3.4
2.8
2.8

3
2.6
2.4
2.2
3.8
3.2
2.6
14
3.4
14
24
2.2
4.2
1.6
2.8
1.8
3.6
2.2
2.6
2.6
3.2
2.8
3.6
3.6
24
2.6
3.2

4
1.8
2.6
2.2
3.6
3.4
2.8
1.8
3.2

3

2.8

1
2.6
1.8
1.6

3

5

3
2.2
2.2
4.2
4.8

5
4.4
3.6

3
3.2

3
3.6
2.8
1.8

3
3.4
3.6
3.4

3

1
3.4
3.8
3.4
2.8
3.2
24
3.4

4

3
3.2

2
3.8
1.8
4.2
3.6
2.6
2.2
3.8
2.8
1.4
1.6
3.8
3.4

& Test

2.6

0
3.2
1.8

1
1.6
2.6

2
2.2
3.2

4
2.8
2.8
3.2
2.6
3.2
2.2
3.4
3.2
2.8
1.4
3.8
2.6
2.4
2.8
2.8
2.6
2.8
1.8

3

1
2.6
2.4

3
3.2

4
2.6

2
2.6
3.2
3.6

2
2.6
1.8
3.6
2.6
2.8

1

3

3

2.6
1
2.4
1
1.8
3
5
3
2.2
2.4
3.4
4
5
4.2
4
2.8
3
3.6
3.8
3
1.4
2.8
3
3.2
3.2
2.2
2.8
2.8
3.8
3.2
2.8
2.6
3
3.6
4
2.8
3.4
1.6
3.8
1.6
4
3.2
3.4
1.8
3.8
3
1.4
1
3
3.4

Retrospective

Asyn Syn Asyn Syn Asyn Syn Asyn Syn

34

2.2
1.8
1.6
1.8
2.6

2.2
3.2
3.6
2.8

2.8
2.8
2.2
3.4
3.2
24

3.8
1.8

34

2.8

3.2
1.8

3.8
2.8
3.6
2.6
24
2.6
3.2
3.6
1.8
2.8
1.8

2.8
2.6

34
2.4

Total
Lifecycle

Asyn Syn Asyn

2.2

1

1

1

1
1.6
3.6
1.6
2.2
3.6

2
1.8

5
4.4
1.6
24

3
2.4
3.6
1.4
1.6
2.8
1.8
1.8
3.2
3.2

1
2.8
24
1.6
1.8
2.2
1.8
3.6

3
2.6
1.8
2.6

4
2.4
4.2

1

2

1

2
2.8
1
1

2.6
3.4

2.80
0.50
2.63
2.03
1.47
1.63
2.57
2.10
2.23
3.20
3.73
2.90
2.83
2.80
2.57
2.60
2.40
3.70
3.13
2.80
1.93
3.63
217
2.77
2.60
3.07
1.63
2.73
2.00
3.30
1.80
2.57
2.57
3.50
2.87
3.67
2.97
2.23
2.67
3.37
3.67
2.00
2.73
2.03
3.23
2.97
2.63
1.70
2.60
2.7

2.60
0.50
2.23
1.47
1.33
2.40
3.93
2.57
2.33
2.83
3.40
3.80
4.20
3.90
3.00
2.70
3.03
3.43
3.60
2.50
2.03
2.63
2.87
3.7
3.13
2.87
1.47
2.83
3.47
2.90
2.50
247
243
3.60
3.73
2.47
3.07
2.23
3.87
2.10
3.97
2.97
2.17
1.87
3.50
2.83
1.33
1.37
3.07
3.20



