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Chapter 1

Introduction

Software development is a complex process. A collection of various elements ranging from
specific technical issues to human interaction and other psychological aspects. It is also
driven by several variables such as cost, available time and resources. To make it worse, the
list of both elements and variables is not static and depends on the project, its specific needs
and current circumstances. Having assumed that these needs and circumstances can easily
change at any point of development, it becomes clear how dynamic and complicated system
the software production process can be.

Undoubtedly, it requires a special approach: a software development methodology. Al-
though software engineering is a considerably young discipline, a number of approaches were
proposed and practiced. The first ones emerged from the motivation to bring a systematic and
disciplined approach to chaotic ad-hoc coding, sometimes referred to as Cowboy coding [34].
In late 70s and 80s the growing need for large and complex systems resulted in a specification
of formal (hereinafter referred to as traditional and classic) models of software development.
Based on ISO [50], TickIt [51] standards and CMM [27] model they allowed for setting or-
der in the process of software production. On the other hand, the costs of standardization,
among others, included: the increase of bureaucracy in software process, deterioration of pro-
cess immunity to frequent changes of project requirements, lower pace of progress resulting
in a prolongation of final results delivery. These factors combined with short-sighted project
management resulting in unrealistic plans and marketing-driven decisions, led to failure of
numerous software projects. This phenomenon, known as LOOP syndrome [45], became a
subject of thorough studies and publications. One of them is a well known Yourdon’s work
[75], a comprehensive guide on how to identify and avoid death march projects.

All of these strongly motivated the need for changes in the software development model,
which took place in the late 90s. They were affected by industrial transformations, that
were caused by the reception of the Japanese approach to company management [48] and
the economic recession leading to reduction of production costs [31]. On the ground of soft-
ware engineering, the inception of agile movement was one of the effects of these trends.
Agile movement proposed a new software development model, by some regarded as revolu-
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tionary in opposition to the standard one. Formulated in February 2001 by 17 experienced
methodologists, Manifesto for Agile Software Development (also known as Agile Manifesto)
[94] articulated a collection of principles [34] that redefined the priorities of the development
process. Among them, the manifesto emphasized fast delivery of a high quality product to
the end user as well as close collaboration among development team including customers and
business experts. These and other principles became a core of agile methodologies, which
were emerging from the new movement. As an example eXtreme Programming (hereinafter
referred to as XP) [3, 2, 67, 64], Scrum [62] and Crystal Family [11] might be given.

From the current perspective, it can be stated that agile methodologies, while propos-
ing a resolution to several existing management problems, came up with new challenges and
research issues. One of them is overcoming the limitation of close physical proximity of
project participants, imposed by the close collaboration principle. Nowadays, with an in-
creasing number of programmers working in geographically distributed settings (as an effect
of globalization) and growing importance of offshore development, this limitation is reckoned
as a severe drawback of the agile approach. The attempts to overwhelm it form a new re-
search area called Distributed Agile Development (hereinafter referred as DAD). While it
corresponds to whole agile movement, first attempts are dedicated to Distributed eXtreme
Programming (hereinafter referred as DXP, a subdiscipline of DAD), the XP equivalence in
distributed setting.

One of DAD research domains is building communication channels capable of substituting
face to face communication in distributed setting. As experiments show, this can be achieved
by a proper software tool support. Verification of provided support is the subject of another
DAD research domain. Being a fairly new discipline, DAD is still regarded more in terms
of academic studies rather than industrial realities. While Agile Development gains a wide
industry recognition and gradual appreciation, DAD is still a rare practice. It seems that this
situation is mainly caused by considerable communication problems among distributed team
members and the lack of proper support. However, the first studies indicate its promising
feature in industrial applications.

Having recognized the current status of DAD and its perspectives, the thesis of this
dissertation is as follows:

By providing the proper software support, it is possible
to overcome limitations of agile methodologies, which
emerge from geographical distribution of development
team, and maintain the overall costs of agile software
production in a distributed setting.

Two following elements of the thesis require detailed explanation:
1. maintaining the overall costs

2. the proper software support
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The first element, maintain, points at comparative analysis of agile software production in
co-located (AD) and distributed (DAD) settings . For the needs of the analysis, the following
classification of the overall costs is considered:

(a) indirect costs - expenditures necessary to "have the team together” (co-located team),
e.g. organization of the workspace, meetings, business travels, delegations.

(b) direct costs - the direct spending on the development work, aimed at obtaining a software
product of the assumed quality. The main part of these costs are the salaries of team
members.

(c) other costs - the costs which are assumed negligible for the comparative analysis as
they remain at the approximate level regardless on the project setting. The example
are hardware investment costs.

Having considered this classification, two relations can be observed:

e DAD offers the reduction of costs of type (a) by the substitution of traditional com-
munication methods (based on face-to-face communication) with new ones based on

telecommunication.

e Relation between costs of type (b) in both cases can be judged using several metrics
proposed in [18, 29, 16, 21, 47, 46] and also in this dissertation.

When these two relations are considered together, maintain means here that the transpo-
sition of AD into a DAD setting is acceptable when costs of type (b) do not spoil the positive
balance realized by reduction of costs of type (a), or, what would be better, maintain at the
comparable level.

The second element of the thesis, the proper software support, means that thanks to
the dedicated tools, which meet specific requirements, the significant practices of AD are
effective also after their transposition into the DAD setting. As result, they can be used in a
development, regardless on the available setting.

The above discussed two elements form the three following goals of this dissertation that
must be fulfilled:

1. Comprehensive specification of the significant agile practices with a strong consideration
of their features, especially distribution sensitivity (the degree of distributed setting
influence) and posed requirements towards supporting software.

2. Development of the proper software support for selected practices with accordance to
the results obtained during completion of the previous goal (that specific requirements
for significant and sensitive practices) .

3. Comparative effectiveness analysis, in the sense of the costs of type (a), of the selected
practices, with regard to their transposition from AD into DAD setting by application
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of the results of the two previous goals (that is developed software support fulfilling the
specific requirements).

This dissertation is organized in the following manner.

Second chapter is dedicated to the introduction of Agile Development and its distributed
approach. The chapter starts by explaining the motivation and indicating the possible sources
of inspiration. Next, it outlines the Manifesto of Agile Software Development and gives an
overview over the core agile practices. In the third part, the chapter focuses on the Distributed
Agile Development (DAD) with an emphasis on its motivation, needs, major problems, current
work and existing solutions.

Chapter three proposes a conceptualization of DAD. The conceptualization is divided
into three parts. In the first one, the major DAD elements and their dependencies, which
are then mapped onto presented agile practices. The second part discusses the effect of team
distribution on the presented practices. It indicates the required communication channels
and suggests how they can be supported. Based on the conclusions coming from these two
parts, three agile practices are selected for further investigation. The third part of the chapter
three describes proposed set of metrics for the selected practices. The metrics are required
to measure the practices’ efficiency and compare co-located and distributed settings, which is
needed to confirm the posed thesis.

Fourth and fifth chapters are the most important chapters of the dissertation. Chapter
four overviews the developed supporting solution for the selected agile practices, called Agile
Studio. It was necessary due to the lack of a proper support, which would allow for examina-
tion of the posed thesis. The chapter starts by outlining the proposed concept and architecture
of Agile Studio. Next, each from its four components is discussed, with an emphasis put on
the developed requirements and demonstration of the implemented features.

Chapter five presents how these requirements and features were developed using the pro-
posed concept of Experiment-Driven Development. The concept assumes a development based
on series of evaluating experiments, which are meant to simulate the real working environment.
The chapter overviews the development plan, organization of experiments and the proposed
method for Agile Studio evaluation. Next, the chapter describes how this concept was ap-
plied. The presented development story illustrates the evolution of Agile Studio requirements
in the scope of conducted experiments. Furthermore, the chapter demonstrates the compar-
ison of results obtained during conducted experiments for co-located and distributed teams
supported by Agile Studio. The results are based on the proposed set of metrics. Eventually,
the summary of chapter five provides rationale for verification of the posed thesis.

In chapter six, the main conclusions of this dissertation are formulated. In addition, the
chapter outlines interesting observations, encountered problems and possible assignments for
future work. It also proposes an informal summation of the carried work in the form of
revision of the Manifesto of Agile Development in terms of distributed setting.

The regular chapters are accompanied by the appendices presenting selected details from
the conducted research.

Appendix A provides selected details from the organized experiments, including available
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resources and the plan of a single experiment.

Appendix B shows an example task, which was assigned to participants during experiments
aimed at Planning Game evaluation.

Appendix C contains schemas, which illustrate the evolution of the Agile Studio require-
ments with regard to the organized experiments.

Appendix D collects obtained results for the proposed metrics with regard to all three
discussed agile practices and all conducted experiments.



Chapter 2

Agile development: current state and
perspectives

Agile movement reflects a new direction in the philosophy and techniques of modern software
development. This movement, also known as light-weight, emerged from a disappointment
with traditional disciplined and plan-driven engineering methodologies. In a sense, it may be
seen as a collection, or, more precisely, a compilation of well proven and reliable techniques
of project management and development. However, this gives only a partial view of the agile
approach. What actually counts is a novel perception of development process that brings to
front values considered subsidiary in a traditional models. That is individuals, innovation
and communication. While traditional approach aims at process modeling, agile movement
proposes process adaptation. Before these issues are explained, it is worth to overview in
greater detail factors that affected the inception of agile concept.

It is also a proper place to clear out the terminology issue considering the usage of method-
ology term in the agile context. According to [81], methodology defines a set or system of
methods, principles, and rules for requlating a given discipline, as in the arts or sciences. In
other words, it relates to a rationale and philosophical assumptions that underlie a particular
study [82], a collection of methods in particular. In this context, term agile methodologies may
seem inaccurate. However, in opposition to traditional methods, which offer a predefined
set of procedures and frameworks, agile methodologies are primarily an adjustable
combination of paradigms and concepts. The usage of methodology term in the agile
context emphasizes these core differences.

2.1 The origin and insights of the agile movement

There is a number of factors that contributed to the formulation of agile movement. The direct
ones emerge from the disappointment with traditional methods and include gained experiences
and observations made during death-march projects. One of the sources of inspiration was
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also a novel approach to management which evolved in Japanese industry and strongly added
to its world-wide success. Similarly, various philosophical and psychological concepts affected
the new movement formulation.

2.1.1 Lessons learned in death-march projects

The introduction of traditional [59] and formal models [27] as well as application of stan-
dardization procedures [50, 51] were driven by the need for a repeatable, predictable and
easy-to-control process. The side-effects were, among others, the increase bureaucracy and
vulnerability to requirements changes, not to mention long product delivery and exceeding
project budgets.

A LOOP syndrome describes these problems. It is an acronym for Late, Over budget,
Overtime, Poor quality. The last one emerges from the previous three: when project is late,
the money run out and people are tired, the first thing to resign from is, in most cases, quality.
Unfortunately, lack of quality involves a greater risk of critical errors to track, which means
more time spent on debugging. In result, it boosts the LOOP effect and closes the vicious
circle (to which LOOP term also refers to).

A numerous studies confirmed this ten- Time and cost overruns

dency, also described as death-march projects 40,07

[75]. One of them was the annual report of 3.0
Standish group [19, 20] that covers IT compa- wol l

nies in USA. According to it, 1995 year came up S l
with 29.5%, 37.1% and 21.6% canceled projects 20
respectively in large, medium and small compa-

20,0

nies, whereas the completely successful project 15,0
rated at 9%, 16.2% and 28%. Another results ==

10,0

Number of projects [%]

concerning the time and cost overruns are de-
picted in Figure 2.1. In its view, the average >

time overrun across all companies was 222% of 0T Under |, ool 51- | 101- | 201- | Over

o . . . . 20% ° °l 100% 200% 400% 400%
the original time estimate, while the cost Was (g7 oerms| 139 | 185 | 200 | a55 | 112 | 1
189% of the original cost estimate. Based on B Costovernns | 155 | 315 | 206 | 102 | 88 | 44

carried questionnaire, the report indicated cru-
cial factors of failed and succeed projects. The Figure 2.1: Time and cost overruns
following ones belong to the first group: lack of

user input, incomplete and changing requirements, unrealistic plans and expectations. The
second group includes: user involvement, executive management support, clear statement of
requirements and proper planning. Surprisingly, hard-working focused staff was seen as a
minor factor of successful projects.

To conclude, the gained experiences emphasized the major role of quality, user involve-
ment, realistic planning and communication, especially when requirements and project goals
are being defined. Interestingly, small teams working on limited-budget projects were found
more successful than large ones developing systems of considerable size and budget.
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2.1.2 Lessons learned in a Far East

In [48] authors shared their insights on the sources of Japanese companies success. Based
on studies performed in such industrial competitors like Honda, Canon, NEC and Sharp,
they introduced a notion of knowledge-creating company, i.e a company whose sole business
is continuous innovation. By continuous knowledge acquisition and creation, it is possible
to constantly embody new technologies and respond to market and customer current needs.
This is an opposition to the tradition of Western approach aimed at processing of knowledge
which is quantified and systematic.

To illustrate these differences, authors distinguished 2 types of knowledge: explicit and
tacit. The first one refers to formal, systematic and objective information, easy to process and
share. Tacit knowledge, on the contrary, is related to personal experiences, skills, intuitions
and insights. Therefore, it is usually difficult to articulate and share. According to authors,
Western companies based on explicit knowledge and formal procedures, miss the benefits of
tacit knowledge, which is a source of invention and progress. Obviously, this brings individuals
and communication to front as important factors of success.

Based on these observations, authors identified four patterns in the process of knowledge
creation: from explicit to explicit, from tacit to tacit, from tacit to explicit, from explicit to
tacit. The first two are limited to combinations of already possessed knowledge and skills.
The innovative potential hold the other two as they allow for systemization of ”hidden”
individual insights, embedding them in developed products and enriching the tacit knowledge
of other people. This process, a core of continuous innovation, is sometimes called a spiral of
knowledge.

Finally, continuous innovation requires suitable management. It was noticed that most
successful were these managers who joined top management visions with realities of the work-
ing team. This kind of management, called middle-up-down, allows for merging two different
areas of knowledge, usually explicit and tacit ones, in this way supporting the spiral of knowl-
edge.

2.1.3 Lessons learned in self-help studies

In 90s, a growing popularity of self-help studies resulted in a number of books and courses
dedicated to a variety of psychological and personal aspects, such as increasing self-esteem,
improving relationships, personal effectiveness and time management. One of them was a
best-selling Stephen Covey’s self-help book [14], which proposed a set of paradigms aimed at
increasing the personal efficiency and improving interpersonal communication.

In the book, the paradigms and principles are collected into 7 habits. The second one,
called Begin with the End In Mind, articulates the importance of setting proper goals and
identifying own roles in interpersonal relations. To support these, visualization techniques
are proposed. In addition, author discusses the way the organizational mission statements
are created. In his opinion, a suitable selection of mission goals done by all members of
organization is usually more successful than a predefined and imposed one. The way these
goals are achieved is a subject of next habit which is Put First Things First. It suggests
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a framework for prioritizing tasks in the perspective of long term goals. This allows for
identification and cancellation of task which are urgent but of minor significance for achieving
the goals. According to Covey, the framework should be based on current run-time results
rather than predefined detailed plans. This makes it more flexible and adaptable to future
unexpected changes.

All activities and techniques can be improved by practicing the last two habits: Synergize
and Sharpen the saw. The first one relates to the power of collaboration, especially in problem
solving and decision making. By stating that ”The whole is greater than the sum of its
parts”, the author claims that open-minded and intensive collaboration, built on a variety
of people’s strengths and insights, can lead to innovative results, unreachable when people
work individually. The second habit discusses the way the level of productivity and efficiency
of the previous habits can be maintained in a long time perspective. Among others, author
points out the importance of balance in the process of renewal, including suitable selection of
relaxation activities.

The Covey’s studies correspond to well-known parapeto principle (also known as 80/20
rule) [33]. It states, based on performed observations and experiences, that in many areas 80%
of results are consequences of only 20% of causes. To put it in more practical way: the 80% of
success usually depend on 20% of efforts. This brings to conclusion that a key to success and
efficiency is suitable prioritization of performed work and tasks to be completed. To support
prioritization, numerous techniques and tools, often referred as mind-tools [43, 6]. While these
and other concepts were targeted mainly at improving personal lives of individuals, they also
gained appreciation of business and industry.

To sum up, the inception of agile movement was a response for the disappointment of
traditional methodologies and their inability to solve common engineering problems known
as LOOP syndrome. The proposed agile approach is a compilation of insights and techniques
of various sources, such as industrial transformations and self-help studies. While their scope
is varied, the common theme is the important role of communication and human aspects in
the process of software development.

2.2 Agile movement principles

When in 1996 Kent Beck for the fist time employed XP methodology in a project for Daimler
Chrysler company, probably no one thought it would so strongly contribute to the recent
transformations in the philosophy of software development. These were launched by Agile
Manifesto (full name is Manifesto for Agile Software Development) [94] signed in February
2001 by 17 agile practitioners, followed by the creation of Agile Alliance [77], non-profit
organization to support those using agile approaches.

2.2.1 Terminology

Before the Agile Manifesto and principles are presented, a terminological remarks need to be
added. Being an opposite to the formality of traditional approach, agile movement places
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a considerably small importance to the regulation of the used terminology. In addition, the
movement strongly relates to psychological aspects of software development, which cannot
be precisely measured and expressed. Nevertheless, a coarse regulation of the terminology is
possible and advisable, as it clears out several issues before further reading. What is more, it
also depicts a structure of agile methodology.

Agile movement is based on the postulates

and principles of Agile Manifesto. The postulates Methodology |
are general keywords of agile development, the Driven by
paradigms of agile movement. The principles in- 10';% Affects e

dicate more concrete actions. They are meant to
. . . . . Maintained by Affects Affects
introduce, emphasize and maintain values being ! v

significant elements of the development process. Practiceigy A i

All agile methodologies are driven, explicitly or Realized by Implemented by

implicitly, by a set of selected values, most of Tec,:;‘ique k Affects

them emerging from the postulates of the mani-
festo. Figure 2.2: Terminology map

As the manifesto principles are mainly con-
cepts and ideas, their require a practical implementation, that is, practices and rules. These,
in general, are used as synonyms. Agile methodologies propose a variety of practices and
rules, ranging from general suggestions to concrete activities. While, in some cases, the first
ones remind of manifesto principles, the concrete activities are build on techniques, being
detailed recipes, an algorithmic description of actions to realize. The presented relations are
illustrated in the terminology map in Figure 2.2.

It must be emphasized that this is only a coarse systemization. One can find several excep-
tions. Additionally, some methodologies employ terms which do not comply with presented
systemization. However, the concept of methodology and its structure, in general, remains
the same.

2.2.2 Agile Manifesto

The aim of the manifesto was to establish a common set of principles and paradigms for
the emerging agile methodologies. This set was formulated based on gained experiences
with death-march projects (see Section 2.1). The main idea behind new methodologies was
to provide high-quality values that meet customer’s expectations, especially with regard to
required functionality, project budget and schedule. According to Agile Manifesto this can
be achieved by appreciating:

Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation

Responding to change over following a plan
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Individuals and interactions The first postulate refers to formal procedures, rules and
environments of traditional methods that overshadow the needs of people working in the de-
velopment teams. The strict frameworks imposed by top management, usually unfamiliar
with the day-to-day reality of development process, frequently turned into obstacles rather
than expected assistance. By following the predefined rules, not adapted to individual re-
quirements, some of the key project points were missed or neglected. The lack of required
communication effected in developers isolation which led to misconceptions and conflicts. The
results such as unclear requirements and unrealistic expectations were depicted in Section 2.1.

Working software The second postulate of manifesto emphasizes the real value of the
project, that is working software meeting customer’s expectations. In case of traditional
methods, the implementation phase was preceded by long-term analysis and design studies,
producing suitable documentation. Although these studies could be valuable to the developers
team, to the customer they were of no use as he/she required and paid for working software.
Furthermore, it was not seldom that the costs needed to prepare and maintain the project
documentation exceeded the value of final product.

Customer collaboration Next postulate proposes a change of customer’s project role.
Kent Beck and others noticed that teams with a customer actively involved in the project
and having a real influence on the developed software, are more efficient and achieve greater
results, comparing to these working in isolation and meeting customer only during presenta-
tions. When customer is a member of a team, the presentations are no longer needed. The
time needed for their preparation can be used in more productive way. Furthermore, active
customer collaboration allows for a rapid reaction to unexpected changes. When change of
requirements is considered, collaboration immediately clears out any misconceptions, saving
time spent on implementing useless functionalities. Needless to say, this reduces project risk
and solves several problems of LOOP syndrome. Finally, customer collaboration positively
influences interpersonal relationships and the spirit of the project, motivates the developers
and reduces tensions related to deadlines and contract negotiations.

Responding to change The last point of manifesto strongly depends on the previ-
ous ones. As mentioned, close customer collaboration allows for fast responding to changes.
However, these requires suitable approach to project planning and managing. Traditional
methods, with a strict plan followed from analysis till implementation and final release, did
not leave much space for any alterations. Any unexpected change could cause a considerable
delay, which was obviously an indication of LOOP syndrome. What is more, as experi-
ences indicated, initials plans hardly ever remained the same through the project duration.
Therefore, it seems advisable to put more attention on preparation for inevitable changes,
with a planning reduced to limited scope, rather than creating and closely following detailed
long-term schedules.

2.3 Agile methodologies and practices

The group of agile methodologies is numerous and constantly growing. The well-known
ones include eXtreme Programming (XP) [67, 3, 2, 71, 64], Scrum [62, 61], Crystal [9, 11],
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Lean Development [55], Feature-Driven Development [54], Adaptive Software Development
[22, 23], Dynamic Systems Development Method (DSDM) [63, 13] and Agile Unified Process
[108]. Although they are driven by the same manifesto postulates, the way agile methodologies
realize them is varied. In general, methodologies differ in the level of abstraction: from studies
on adjusting process to project size and criticality (Crystal), through generic management
frameworks (Scrum, AUP) to sets of concrete techniques (XP).

Agile methodologies are built upon a set of practices and techniques. Each one provides
certain values of higher or smaller importance for the whole project. However, these values
can be empowered when applied together. This is called a synergy. It is often stated that
this synergy, not practices individually, determines the methodology efficiency.

2.3.1 Agile practices and techniques

The practices and techniques are a core of every agile methodology. Some of them are common
for all agile methodologies. The only difference lies in their naming or description. On the
other hand, the are unique practices, typical only for the specific methodology. A practice
can be a general advice and suggestion as well as concrete procedure. Some practices gained
appreciation even in traditional processes. In some cases, their usefulness led to formulation
of a new methodology. An example is Test-Driven Development [4, 1].

There is also another way they can be partitioned and approached. That is: by the aspects
of software development process to which they refer to. Among others, these can be: team
management, project planning, coding standards and even work space arrangement. Here,
the second option is used, as it provides better organization and is compliant with further
concepts and findings.

Practices of planning and customer collaboration

One of the basic practice that belongs to this group is iteration-driven development based on
small and frequent releases. Described as Small Releases (XP), Sprint (Scrum) or Frequent
Delivery (Crystal), this practice is a core of every agile methodology. It assumes delivering
working high-quality software that meets customer expectations, with every iteration. The
length of iteration depends on the methodology and varies from one to five weeks. For in-
stance, Scrum methodology strictly defines Sprint as 30 days work period. The delivered
software can be used by customer in several ways. Firstly, it is a base to inspect and review
the current concepts and requirements. Secondly, it might be tried out by end-users which
provides a valuable feedback. Thirdly, it is a measure of progress; simple, clear and under-
standable to customer. This strengthens trust and openness in the relationships between
developers and customer.

Small releases require frequent planning meetings. The first one, covering the whole
project or release scope, is organized before the project is launched. This phase is known as
Release Planning (XP), Pre-Game (Scrum), Pre-Project Phase (DSDM), Inception (AUP),
etc. The others are held before and after every iteration. Therefore they are known as
Iteration Planning (XP, LSD), Sprint Planning Meeting and Sprint Review Meeting (Scrum),
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Figure 2.3: Agile project life-cycle

Feasibility Study and Business Studies (DSDM), Reflective Workshops (Crystal) etc. The goal
of release planning is creating a coarse project schedule. This means partitioning of work, like
desired features of the developed software, into the frames of individual iterations. Iteration
planning meetings provide an opportunity to verify the initial schedule and modify it, so
that it is more accurate and meets customer expectations. This is possible as every meeting
requires the presence of customer or his/her representative. While customer gains additional
insights on the project status, developers receive useful feedback. In addition, this increases
the chances of resolving any misunderstandings or implicit changes in the requirements. In
this way, this one of the major project risks (see Section 2.1 and Standish Report summary
[19]) is considerably reduced. Finally, reflective meetings held at the end of every iteration
are dedicated to results presentation and a summary of the performed work. The summary
should include, preferable in a form of free discussion (this follows the first postulate from
manifesto), occurred problems and possible enhancements. In some way, this reminds of
Sharpening the Saw habit mentioned in section 2.1. Figure 2.3 depicts a typical life-cycle of
an agile project.
There are several techniques supporting planning

meetings. XP promotes User Story cards, which are Story number
. . .. (sometimes also date)
used to represent important system functionalities. Ev-
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the current functionality, its priority and time estimate. | After systemis launched, a logging window
appears with inputs for login, password and login
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What is more, User Story card (small piece of paper)
is a comfortable and easily understandable tool: it can  Figyre 2.4: User Story card exam-
be moved or trashed, one can quickly create a new one ple
or add something to existing one, everybody can see it
and take to hand, etc. These advantages seem important
as customer, usually not a computer science specialist, actively participates in the planning
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process. An example of a card is shown in Figure 2.4.

Alike User Stories, Backlog (Scrum) is another technique that supports planning. Backlog
is a list of tasks to complete such as desired features, bugs to remove etc. They are prioritized,
estimated and grouped into increments. However, the grouping can change whenever it is
needed. Any modifications, agreed by developers and customer, are performed by Product
Owner only, who plays a role similar to middle-up-down manager, described in 2.1.

Another techniques are Time Bozxing and MoSCoW proposed by DSDM. The idea behind
the first one is splitting the project into prioritized portions with given budget and delivery
date. Whenever time or budget is running out, the features of lowest priority are omitted.
This is compliant with well-known parapeto principle, already discussed in Section 2.1. This
technique is supported by MoSCoW technique, which relates to setting the priorities. Being
an acronym for Must have, Should have, Could have, Would have it establishes four groups
of requirements according to their business values and purposes. This and other similar
techniques for prioritizing tasks are present in various kinds of self-study and self-books. One
of them was mentioned in Section 2.1.3, along with the so-called Put First Things First habit.

Frequent planning meetings involve customer in the development process. The role of
customer includes: specifying user scenarios (User Story Cards), prioritizing them and as-
signing for iterations, explaining misconceptions and resolving business problems. The last
two ones, according to agile methodologies, should not be limited to meeting sessions only.
Misconceptions are often identified during implementation phase. Similarly, implementation
may involve numerous business decisions, such as these concerning GUI design and operation
details. Thus, all agile methodologies emphasize the importance of frequent and efficient
communication with a customer, at every moment of project life-cycle. To attain this, Onsite
customer (also Whole Team) (XP) practices or Ambassador User and Advisor User (DSDM)
roles are introduced. They assume that a customer or his/her representative shares his/her
knowledge and viewpoint in a daily work of development team. Not only reduces it the project
risk but also increases the quality (in a sense of usefulness) of the final product.

The quality is also referred by another practice which is Customer Tests. Although the
concept was known in traditional approach, agile methodologies modify it in two following
aspects: automation and customer involvement. The first one assumes that the acceptance
tests should be automated and run frequently whenever it possible. The second one, places
the customer (or user) in a role of test suite designer and sometimes, even, in a test writer.
This is possible thanks to Onsite Customer practice.

In order to facilitate communication and better explain technical concepts to customer,
Metaphor practice (XP) was introduced. A metaphor is a meaningful description of common
concept regarding technical issues, usually the way the software work. An example metaphor
might be a spider web for illustration of Internet and its functioning. It is believed, accurate
metaphors are a valuable part of product design.

Practices of work organization

This group of practices relates to developers’ work organization. The most fundamental one
is Continuous Integration (XP) also known as Regular Builds (FDD) and Daily integration,
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Rapid Builds (LSD). This practice suggests frequent (at least one per day, XP suggests several
times a day) automated integration of the developed code. This ensures that the code is up-
to-day and the software can be demonstrated to customer at any time. In addition, frequent
integration provides early feedback on any integration errors, which are especially troublesome
in the late stage of development, when the software structure is complex, bugs difficult to
track and their resolutions limited by various dependences. This situation, sometimes referred
to as integration hell, may led to project delay, which is one of the symptoms of the LOOP
syndrome. Continuous integration considerably reduces this risk. Furthermore, by early
indication of existing errors, it increases the quality of developed code. Finally, it prevents
from code freezes, when all efforts are concentrated on repairing broken code, not on adding
new functionalities, being the actual project goal.

Another significant practice is Collective Ounership (XP). It assumes that the developed
code can be accessible and modified by anyone from the developers team. In fact, the code is
a property of the whole team. This stands in opposition to certain traditional habits, when
the code creator was the only owner. Collective ownership benefits in several ways. Firstly, it
encourages developers to perform code reviews and enhancements, which increases its quality.
Secondly, it solves the common problem of code fixes or new functionalities waiting till code
owner finishes current tasks. This advantage of Collective Ownership is especially valuable
during integration builds, as integration errors should be fixed immediately. In addition, it
contributes to elimination of code freezes as new functionalities are not blocked by one busy
developer. Finally, Collective Ownership causes a diffusion of project knowledge among the
whole team. This phenomenon increases the project resistance to the loss of single developer,
caused by his/her sickness or leave. In traditional approach, a loss of developer, especially
responsible for a core project part, could lead to project fall.

Collective Ownership requires setting work standards. Practice Coding standard (XP,
LSD) answers this need. It ensures that everybody in the project speaks the same language.
In other words, the code looks familiar and is understandable to everybody, giving no clue,
who wrote it.

Affected by several factors (see Section 2.1), Agile Manifesto emphasized the importance
of individuals and interactions between them. Agile methodologies developed this postulate
into a few practices and techniques, whose role is to intensify people communication and
maintain individuals productivity. Some of them, like Metaphor, relate to planning and
customer collaboration. The others like, Osmotic Communication, Information Radiators,
Stand-up meetings and Sustainable Pace are meant for developers team support.

Osmotic Communication (Crystal), also known as Common Room (Scrum, AUP), War-
Room, Open Workspace (XP), Radical collocation techniques and included in Feature Teams
(FDD) practice, opposes the traditional cubicles-based workspace organization. Agile method-
ologies prefer to place people in the open space with no communication barriers. Open space
involves suitable furniture such as round conference tables and large whiteboards. The furni-
ture deployment plays also an important role. For instance, the developers’ desks are located
in close proximity to each other, to facilitate team communication. This is a base for Osmotic
Communication, which is actually a phenomenon emerging from the workspace organization.



CHAPTER 2. AGILE DEVELOPMENT: CURRENT STATE AND PERSPECTIVES 16

This phenomenon relies on the diffusion of the project knowledge by overhearing background
conversations and communicating with a several people at one time (one could call it mul-
ticast communication). As result, one can, among others, discover conceptual conflicts, pick
up hints (e.g. configuration instructions) and get informed on the work status. On the other
hand, Osmotic Communication has its disadvantages. Firstly, a background conversation may
be disturbing, especially when one needs to concentrate on difficult problem. Secondly, one
can pick up false information or be overloaded by a number of irrelevant data, missing the
key issues.

Information Radiators (Crystal, LSD)
is a technique closely related to the open

Remaining A

workspace. Information Radiator is a dis-  tasks

play of valuable project information, usu- \
ally placed on whiteboard in a well-visible

Ideal frend — —

Actual burndown ——m

place. The most common radiators in-
cludes project backlogs, to-do lists, dia-
grams and progress charts. One of them
is burndown chart, which shows the sta-

tus of completed tasks in the time perspec- \ 5

tive. Figure 2.5 shows an example burn- Time
down chart, with a trend line indicating )

the ideal work progress. The actual burn- Figure 2.5: Burndown chart example
down line marks the real progress. When
the burndown line is below the ideal trend, the team works faster than it was estimated.
Otherwise, it works slower and might be late for a deadline (as shown in the example).

Another practice, which emphasizes the role of communication, is Stand-up meetings (XP),
similar to Daily Scrum Meetings (Scrum). The purpose of this meetings, usually held every
morning, is communicating entire team. More precisely, it is an opportunity to express
any problems, concepts and other issues that require team attention. This keeps everybody
informed on the current project status and allows for saving time required for individual
knowledge acquisition. In addition, it allows for a coarse daily work organization and tasks
assignment. To make the meetings efficient and short (their duration is approximately 15
minutes) team members stand in a close circle. This is where the name of stand-up meetings
comes from.

The importance of individuals and their needs is the core of Sustainable Pace (XP) prac-
tice. One of the LOOP syndrome’s elements is overtime work emerging from unrealistic plans,
unstable requirements or other reasons such as implementation problems like integration hell.
Based on experiences and observations, Agile methodologists concluded that overtime work
brings more harm than benefit. Although overtime might be efficient and productive, in a
long term it burns-out developers, which drastically reduces productivity and quality. The
proposed Sustainable Pace, former 40-hours week practice (XP), tries to control this issue.
It states that the long term productivity can be maintained only by a reasonably managed
team, with work times adjusted to its needs and abilities. Overtime should be limited to
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emergency cases (project release) and other unusual purposes. This reminds of Sharpen the
saw habit presented in Section 2.1.3.

Practices of programming

Practices of programming support developing a high quality code. It is achieved on several
levels from code reviews to introducing design patterns. Here, the following practices are pre-
sented: Pair Programming, Side-by-Side programing, Test-Driven Development, Refactoring,
Simple Design.

Pair Programming is one of the most recognizable XP practice. The idea is to assign a
couple of programmers to one work station. One of them becomes a driver, the second one
is assigned a navigator role. These roles can be changed anytime. While the driver owns the
keyboard and types the code, the navigator tracks and controls it. This allows for detecting
spelling mistakes, implementation errors, algorithms bugs and conceptual weaknesses, at the
same time, increasing the developed code quality. On the other hand, some say these benefits
do not balance the double costs of code development, caused by two programmers working
on a task that one could successfully complete. However, these statements do not take under
consideration two facts. Firstly, a pair of programmers tend to work faster than a single one.
Secondly, a low quality code can consequence in considerable costs. For instance, a bug or
misconception detected just before product release, expose the project to the risk of high
contract penalties.

In order to verify theoretical speculations, several experiments were organized. One of
the first ones was Nosek’s experiment [49]. It lasted for 45 minutes and engaged 15 full-
time professionals. According to gathered data, pairs were able to finish task 40% faster,
producing code of greater quality and readiness. In order to strengthen these results, another
experiment was organized [72]. It stated that pairs of programmers were approximately
44% faster than single programmers in completing tasks. With regard to code quality, pairs
reached an average of 89% passed test cases, whereas individuals scored 75%. These promising
results were questioned by Nawrocki’s experiment [47] based on four tasks. Only one of
them reported results comparable to these from Nosek’s experiment. The other three showed
a minor superiority of pair programmers. This confirms Nawrocki’s conclusion that more
experiments, preferably based on real industrial conditions, are required.

Another group of experiments and studies relate to the educational application of Pair
Programming. During Pair Programming session partners exchange their experiences, learn
partner’s techniques and habits. The gained knowledge can be both explicit and tacit (see
Section 2.1.2). While the first one, systematic and objective, can be passed on also through
lectures or books, the second one, related to individual skills and insights, is difficult to express
and require, often long, practice. Pair Programming is believed to shorten this time. One of
the experiments was described in [39]. It aimed at confirming Pair Programming usefulness
in introductory course. The gained results stated that students from pairing class scored
more points during final exam (median was 83% of all possible points) than students from
non-pairing class (median was 75%).

While Pair Programming is a proposal of XP methodology, Crystal methodology came up
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with Side-by-Side Programming practice (hereinafter referred as SbS Programming). That
is, two programmers working on their own computers but sitting close to each other so they
can see partner’s screen. This allows them to benefit both from Pair Programming and in-
dividual work on separate problems. Furthermore, it supports peer code reviews. In Pair
Programming, the review is done with the presence of the code’s author. However, this is not
always necessary. When SbS Programming is employed, the review can be done individually.
Whenever the code’s author support or presence is required, a brief pair programming ses-
sion is immediately started. Therefore, this might be seen as an optimized approach to code
reviews. Finally, placing programmer is close physical proximity enforces Osmotic Commu-
nication practice. Alike Pair Programming, SbS Programming efficiency become a research
subject. In [46] authors present results from experiment aimed at comparing these two pro-
gramming practices. According to the report, side-by-side programmers completed their task
40% faster than individuals, whereas pair programmers scored only 26%. Another criterion
was the code familiarity. In this case, pair programmers outperformed their side-by-side
colleagues by scoring 20% better. Unfortunately, nothing can be said about the quality of
performed work. The experiment did not included such criterion.

Another agile practice closely related to programming activity is Test-Driven Development
(XP initially) [4, 1], sometimes known as Test-First Development. As mentioned, due to its
high efficiency and developers appreciation, it was developed into an independent method-
ology. The idea behind it, clearly manifests the second name: automated tests are written
before the code. This benefits in several ways. Firstly, it enforces developers to deeply con-
sider the code’s functionality before it is actually written. In some way, this reminds of Begin
with the End In Mind habit discussed in Section 2.1.3. Secondly, tests naturally restrict
complex and low-quality designs. The simpler design, the greater number of interfaces and
independent modules it has, the easier and faster, it becomes, to write and pass all tests.
Thirdly, automated tests provide immediate feedback on the developed code (e.g. bugs indi-
cation) and can be used as a measure of progress (e.g. percent of passed tests). Furthermore,
tests are often treated as a form of documentation showing the possible usage on the example
of implemented test cases (alike library tutorials do). Lastly, practicing Test-First Develop-
ment develops valuable habits such as continuous maintenance and creation of new test cases,
on the contrary to traditional testing, done at the end of implementation phase and often
abandoned or coarse due to upcoming deadlines.

Test-Driven Development is a base for another appreciated practice which is Refactoring
[99] (XP, LSD initially) [3, 17]. Martin Fowler [17] gives the following definition for it: a
change made to the internal structure of software to make it easier to understand and cheaper
to modify without changing its observable behavior. In other words, refactoring is a disciplined
transformation of the code body, not altering its functionality. Although a single refactoring
is a little restructuring, a sequence of refactorings results in considerable improvement in the
code structure and clarity. To verify that the observable behavior remains unchanged, the
existing test cases are launched, preferably after every single refactoring.

In most cases, refactorings are related to various software patters such as well-known de-
sign patterns. From this perspective, a single refactoring is a recipe on how to transform the
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given code into a proven pattern. To make this easier, refactorings are usually described with
their application, mechanism and expected benefits. The catalogue of refactorings is numer-
ous. Among many others, it includes the following: Rename Method (Field, Class, Parameter,
Variable), Extract Method (also Interface, Class), Move Method (Field), Replace Parameter
with Method, Collapse Hierarchy, Pull Up (Push Down) Method, Replace Conditional with
Polymorphism. While the first ones describe simple changes which improve readiness of the
refactored code, the last ones define recipes for more advanced restructuring and redesigning
of the given code.

Mammal Refactoring: Mammal
Pull up Method

getNumberOflegs

7 nd 7

Cat Dog Cat Dog

getNumberOfLegs getNumberOflLegs

Figure 2.6: The example of Pull up Method refactoring

To illustrate the idea of refactoring, Figure 2.6 presents the example of Pull up Method.
A common method getNumberOfLegs for all subclasses (here Cat and Dog) can be moved
(pulled up) to the Mammal superclass (every mammal has some legs), in this way, simplifying
the design. A detailed description of this and other refactorings may be found in [17].

Simplicity is one of the most appreciated values in agile movement. As emphasized, it is
maintained by several practices such as Test-Driven Development and Refactoring. In fact,
it influences a number of agile project aspects from people iterations, through planning and
project managing to coding and testing. Therefore, some methodologies proposed separate
practices dedicated to the value of simplicity. These are: Simple Design and Simplicity
(DSDM, AUP). All of them suggest most simple and effective solutions that meet customer
expectations. On contrary to complex ones, they are more open to any, even radical, changes.
In addition, they are less expansive and can be delivered faster. In some way, agile simplicity
follows the habit of Put First Things First (see Section 2.1.3) by concentrating on the most
important issues at the given time, which usually simplifies the problem resolution.

2.3.2 See the whole. Systems thinking

In many aspects, the agile approach seem to benefit from systems theory, particularly the
field of systems thinking [70, 7]. This relation was also noticed by creators of LSD method-
ology and influenced their proposals for project estimation and contracting. As result, agile
methodologies indicated resolutions to several existing problems, such as the problem of sub-
optimization and the problem of 4/ wvariables of software project. On the other hand, systems
thinking affects also other aspects of agile methodologies such as their structure and relations
between the proposed practices.
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The problem of suboptimization

Although systems thinking is not a novel discipline, a typical approach to complex problems
is to break them into smaller subproblems, which can be solved individually. According to
[55], this may lead to widely-known problem of suboptimization, also referred as tragedy of
commons [97] in various scientific disciplines. The essence of this problem is a conflict over
common resources between subsystems. As a result of this conflict, the optimization of the
individual subsystem outcome may deteriorate the outcome of other subsystems. Thus, in
general, the system remains unoptimized.

To illustrate this problem, a Prisoners’ Dilemma [57, 56] game is often given as an ex-
ample. The game assumes two prisoners trying to minimize the total punishment for, let’s
say, failed escape attempt. To achieve this, they can cooperate with (e.g. stay silent) or be-
tray the other prisoner. However, each one aims at maximizing his/her own benefit, without
taking under consideration the benefit of the other prisoner (a suboptimization metaphor).
As in most cases, an egoistic behavior guarantees the greatest benefit, both prisoners decide
to betray. Thereby, they both get severely punished. On contrary, a decision of cooperation
concerning their all benefits (a global optimization metaphor) results in a mild punishment
only.

What stays behind the problem of suboptimization is a basic systemic principle stating
that ”the whole is more than the sum of its parts”. This statement indicates a significant role
of the interactions between the system parts. In suboptimization approach, these interactions
are not considered. A global optimization includes both parts and interactions, in this way,
providing a greater outcome. While the traditional software engineering methods approach
the development process by suboptimization, agile methodologies emphasize the importance
of system parts’ interactions and employ global optimization.

The problem of four variables of software project

The problem of four variables (sometimes also known as dimensions) of software project [28]
affects every project and development team. The four variables are: Scope, Quality, Resources
and Time.

Scope denotes the amount of planned efforts in the project, in particular the scope of func-
tionalities to implement, test and release.

Quality describes both internal quality (refactored readable code which is easily to extend)
and external one (no bugs, product meets all customer expectations).

Resources represent people, methods, tools and finances available for the project. Some-
times, Resources are replaced by Cost variable, which covers people, methods and tools,
as these greatly depend on available finances.

Time is the amount of work hours available until the established deadline.
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These four variables are driven by a tenet similar to the rule ‘ B | ‘ Quality |
of connected vessels: when one variable changes its value (water
level in one of the vessels), others change their values conse- Irerenss e
quently (water levels in other vessels). In other words, there
is no way to control all four variables at the same time, only Time

three at most. The ignorance of this rule is a common cause of

Decrease

projects failures and main reason behind the LOOP syndrome :
(see Section 2.1.1) (e.g. setting scope without concern of other @
variables may result in serious delay or overtime hours). . .
Figure 2.7 shows the most common dependencies between the Figure 2.7: Fo%u" variables
variables. In most cases, Time is that fourth variable which can- of software project
not be controlled. Therefore, to some extend, the figure presents
the interactions from a Time variable perspective. The common scenario assumes increasing
the Scope of project which automatically extends the required Time. Similarly, to deliver a
higher Quality, an additional Time is needed. To cope with an increasing amount of required
work hours, extra Resources can be added. This usually reduces the required Time. Other
option is to postpone a deadline, so that the extended Time is acceptable to customer. To
conclude: the changes of Scope and Quality cause the change of at least one of the other two
variables, that is Time and Resources. It is not possible to maintain both of them on the
same level. Moreover, it is clear that while Time, Quality and Scope are proportional to each
other, Resources variable is inversely proportional to all of them.

Obviously, the presented problem is unsolvable. However, it can be properly controlled
when rules behind the four variables are known. What is more, this knowledge must be
learned both by developers and customer. However, this significant requirement often re-
mained unknown in traditional methods. The roles of developer and customer used to be
limited to completion of specific process tasks (developer) or contract negotiation (customer).

On contrary, agile methodologies impose
quality an active involvement of project participants

Balanced quality, savings
and fast delivery

in the planning process, which is driven with
Quality and fast

delivery at all costs respect to the problem of four variables. To

Low quality, balanced
costs and delivery
speed

control it, a number of already presented in
Section 2.1.2 practices and techniques are em-
ployed such as Small Releases, frequent Release
and Iteration Planning, Time Boxing.
Another interesting technique, directly con-
cost-savings fast delivery cerning the problem of four variables, is Prior-
ity Triangle (Figure 2.8). It is a triangle whose
Figure 2.8: Priority triangle with examples  ortices correspond to three crucial project val-
ues: quality, cost-savings and fast delivery.
Based on it, a customer can define the priorities for the project values. This is done by
placing a point inside a triangle. The closer the point is to a vertex, the higher priority the

corresponding value posses. Obviously, the priorities selection is balanced: it is not possible
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to select high priorities for all of the values. This is a direct mapping from the rule of four
project variables. Figure 2.8 shows the triangle with three example priorities definitions.
Be that as it may, Priority Triangle plays also an educational role. By clearly illustrating
the idea behind project variables and values, this technique encourages customer to revise
his/her unrealistic expectations and adjust them to both actual business needs and available
resources.

Synergy of practices

Systems thinking affected also the structure of agile methodologies. As discussed in Section
2.1.1, they are built upon a set of practices and techniques. However, there is also one more
significant element: their synergy. A popular belief states even that the synergy determines
the real effectiveness of a methodology, not individual practices. While the notion of synergy
emerges directly from systems theory, it appears also in other areas that contributed to agile
methodologies. Section 2.1.3 mentions a Synergize behavior emphasizing the power of human
collaboration, its effectiveness and creativeness factors.

According to XP, the synergy emerges from the extreme use of suggested practices. How-
ever, this synergy is possible due to a specific graph of relations and dependencies between the
practices. Figure 2.9 illustrates them on XP example. The practices are organized in three
groups which correspond to project areas they support (see Section 2.1.2): green indicates
practices of planning and customer collaboration, blue is for practices of work organization,
green marks the practices of programming. A single practice can interact with practices from
all groups. In addition, some of the shown dependencies can vary depending on the way the
XP is adopted by developers team. For instance, the Figure 2.9 shows the Metaphor practice
can interact with Customer Tests. However, the tests can be defined with no reference to
elaborated Metaphors. On contrary, Refactoring strongly relies on Test-Driven Development
(TDD) practice. TDD acts as a code guard that keeps it running and bug-free during the pro-
cess of code restructuring (refactoring). On the other hand, a refactored code is usually easier
to test. This shows the reinforcement of both practices emerging from their co-existence. The
cancellation of TDD practice would have serious consequences turning Refactoring into an
uncontrolled process likely to break or spoil the release code with severe bugs.

There are two important issues concerning the complexity of the interactions graph.
Firstly, the graph in some way maps the complexity of the real world and software pro-
cess particularly. While this increases the efficiency and flexibility (for adaptation purposes)
of methodology, a process based on the synergistic dependencies is difficult to express and
measure. This directly leads to second issue. Agile methodologies are usually meant to be
adopted to individual needs of every project and its participants. However, as measurement
and analysis are aggravated, the consequences of the adoption is difficult to anticipate.

2.4 Distributed Agile Development (DAD)

One of the fundamental values behind agile movement is communication and people interac-
tion. According to Agile Manifesto [94]: The most efficient and effective method of conveying
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information to and within a development team is face-to-face conversation. This concepts
affected a variety of agile practices from Release and Iteration Planning, Onsite Customer,
trough Osmotic Communication, Common Room, Information Radiators and Stand-up meet-
ings, to Pair Programming and SbS Programming. As direct communication requires close
physical proximity of project participants (preferably reduced to one room and even one table),
agile methodologies imposed certain limitations concerning project logistics and organization.

There is also another trend in software development that gained popularity and affected
software production in latest years. Offshore development [32, 60] was the response for grow-
ing costs of production in West World. While it concerned a variety of branches, software
development was also included inevitably. It resulted in locating development centers in
more cost-effective countries (such as India) and a growing number of projects realized by
geographically distributed teams. Other reasons behind distributing software development
include:

e Local availability of qualified personnel - this is, beside lower development costs, the
most significant factor for founding development centers in distant locations.

e Development of projects for distant customers - the ”global village” encourages com-
panies to broaden their area of business resulting in projects conducted for distant
customers. This involves distant collaboration with respect to project analysis, plan-
ning and feedback. To improve customer collaboration, some companies locate a part
of development team in close proximity to customer, which causes team distribution.

e Specialization of development centers - this results in development team cooperating
with distant experts and specialists as they are not available on project site. As most
projects require specialists of various technologies and disciplines, specialization strongly
contributes to team distribution.
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e Individual limitations of development team members - this includes sickness, home
responsibilities (children care), delegations, conferences and many others preventing a
member to locally participate in a development process.

The distribution of developers team apparently stands in opposition to the agile require-
ment of close physical proximity of project participants. Thereby, the requirement started to
be reckoned as a severe drawback of the agile approach. The attempts to overcome it refer
mainly to the most popularized agile methodology, which is XP. The efforts begin to form
a new scientific discipline known as Distributed eXtreme Programming (hereinafter re-
ferred as DXP). One of DXP research domains is building communication channels capable of
substituting face to face communication in distributed setting. This is achieved by either em-
ploying existing tools of general applications or developing dedicated solutions. While more
agile methodologies gained global appreciation, the DXP moved into Distributed Agile
Development (hereinafter referred as DAD) discipline. This section presents the reported
work and achieved results.

While DAD concentrates on supporting agile development in distributed setting, the
achieved results can be beneficial in wider perspective as well. Among the expected ben-

efits, one can point out:

e maintaining development pace in case of individual limitations of developers, such as

sickness
e increasing professional activity of disabled people
e supporting e-learning and e-education concepts [58, 76]

e reducing costs and increasing time efficiency of commuters (a solution for a major prob-
lem of developing cities which is an intensive traffic)

e increasing mobility of project members (e.g. participating in a distant conferences and

meetings)
e reducing initial costs and risk while starting new companies (no office required)

e supporting the concept of e-work (not only e-development) based on people working
from their home sites

2.4.1 Supporting tools of general application

According to [66] supporting eXtreme Programming in dispersed environment is ”possible
with a few simple non-custom, widely-available tools (screen sharing, Internet-based audio
communications)”. It seems that a majority of people driven agile practices may be sup-
ported by video and audio conferencing tools accompanied by simple text chat communica-
tors. The number of such applications is intensively growing (e.g. Microsoft NetMeeting[95],
Skype[100]). To enrich all kinds of workshops and concept debates as well as for demonstration
purposes application (or desktop) sharing approach might be utilized. In addition, whiteboard
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solutions that allow for a real time exchange of graphical information (e.g. sketches, models)
might be found useful. All these functionalities have been implemented in Microsoft Net-
Meeting framework which makes them easy available. For practicing Pair Programming or
SbS Programming distant developers may employ desktop sharing tools, accompanied by at
least voice or text communication channels.

In general, process driven practices aim at automaton and simplifying the project man-
agement and therefore they depend on the available software. At the moment, there is a
number of systems [79] satisfying the needs of continuous integration principle. They include
CruiseControl [80], BeetleJuice [78] or Luntbuild [93]. They are usually integrated with ver-
sion control systems (CVS, Subversion [102]), which implement Collective Code Ownership
property and perform the synchronization of project products.

Among other agile practices the Crystal’s technique of Information Radiators appear ap-
pealing and promising in the non-collated setting. As a replacement of whiteboard drawings,
notes or sticky-papers, developers can successfully arrange web forums, mailing lists, issue
trackers, wiki or even blog pages. The last ones seem to gain much appreciation in the
development environments.

The list of usable solutions extends Sun’s Java Web Start technology [91] that allows for
seamless lunch of remote server-stored application. It can be adopted both for demonstration
purposes and updating remote customer’s software.

Worth mentioning concepts of e-Presence and e-Awareness have been presented in [10].
They are the adoption of Osmotic Communication Crystal’s core property to distributed
ground. It is achieved with a use of audio-visual support accompanied by standard inter-
net communicators and chat boxes. Experiments show their ability to successfully replace
Osmotic Communication with its distant equivalent.

2.4.2 Dedicated work and solutions

As mentioned, first attempts to overcome close proximity requirement are mainly related with
DXP discipline and Pair Programming practice. One of them is TUKAN [67] environment
build upon a shared code repository, version management and distributed integration system.
In addition, it supports Pair Programming with a devoted code editor as well as video and
voice connections. Another project is MILOS ASE [38] equipped with a Story Management
System meant for team coordination and information routing. For distributed pair program-
mers it employs video conferencing and application sharing approaches provided by Microsoft
NetMeeting. An interesting concept has been presented in ” Office of Real Soon Now” project
[5]. It extends Internet conferences into tele-immersion approach by building an illusion of a
real office for distributed teams based on large wall displays.

These solutions are sometimes regarded as "heavy” due to costs and high network require-
ments. Thus, more simple and ”light” tools gained interest. One of them is Sangam plug-in
[25] to Eclipse IDE including editor, resource and basic refactoring synchronisation. Another
one is Pair Programming plugin [15] for Jext Editor [109] supported by web based integration
architecture including build-and-test server and co-ordination task log. A novel concept of
transparent video interface is introduced by Facetop project [65]. It integrates and lines up
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side-by-side the video streams of distant programmers, overlying them over the transparent
desktop at the same time. Not only can they see each other pointing to some spot at the
shared screen but also manually control the mouse pointer. In order to join the advantages
of Sangam and Facetop projects, [44] proposes a prototype combination of these tools.

The organization of tasks and User Stories was also the aim of the Storymanager tool
[30], developed as a plugin to Eclipse framework. Similar solutions but with regard to system
features were presented in [86] as the first FDD implementations. These server-side applica-
tions provide simple HTML interfaces for managing FDD driven projects such as plan view,
implementation progress or summary and trend reports. Although they were developed as
an automaton for standard FDD process, they perfectly suit the needs of the distributed
approach.

The number of dedicated solutions that may support distributed project management is
intensively increasing. While they aim at assisting in standard co-located development, their
architecture make them suitable also for scattered teams. The range of issues they cover is
considerably large from simple appointments managers, work schedulers and report generators
to more specialized systems taking care of method specific values such as XP’s User Stories.
The most advanced ones are XPlanner [106], XPWeb [107]. In case of other methodologies,
the creation of similar tools is just a matter of time.

An interesting approach to Customer Tests practice evinces a FitNesse framework [40]
[87]. Based on wiki, FitNesse enables customers to specify in form of HTML tables their
expectations (test cases) towards functionality of developed software. Afterwards developers
implement dedicated proxy classes which apply customer test cases to developed classes. In
result, customer learns on the project status. On the other hand, developers are provided
with additional testing scenarios which meet customer expectations. While this software
is intended for collated teams, due to client-server architecture, it also suits perfectly for
distributed ones.

2.5 Summary

In this chapter, the movement of agile methodologies was presented, which emerged from
the disappointment with traditional methods of software development, often leading to a
LOOP syndrome. Formulation of agile movement was affected by a variety of elements and
concepts. The most important include gathered experiences and performed reports, systems
thinking, Japanese concept of knowledge-creating company and even self-help literature with
their philosophy and mind tools.

The main assumptions of agile movement were formulated in 2001 in Agile Manifesto.
They emphasized the following software project values: communication, people interactions,
customer collaboration, working software and quality. These postulates affected the structure
of agile methodologies and set of proposed practices. Additional attention was put to the
synergy of practices emerging from their extended net of dependencies and relations. Although
it is claimed to empower the efficiency of agile methodology, it considerably aggravates the
measurement and systematized studies.
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Agile methodologies came with resolutions to some of the existing problems. An example
is the problem of four software project variables. On other hand, they imposed certain
limitations on the developer team. One of them is the close physical proximity of project
participants. This limitation seems serious when one takes under account the modern trend of
distributing development teams. While this problem existed before, it was not a considerable
one when teams utilized traditional methods of development. These methods were based on
a detailed documentation and a formal process which were not greatly affected by the team
distribution. Contrarywise, agile methodologies are based on intensive communication, which
is directly affected by the distribution of team.

To enable Agile Development in distributed setting, the requirement of close physical
proximity of project participants must be cancel out or, at least, relaxed. To achieve this,
communication support is needed. Several supporting software tools are reported to exist.
However, the provided support refers only to selected aspects of Agile Development. What
is more, the support is unsatisfactory due to several reasons such as small number of specific
agile features, small number of communication channels or poor connection quality. A sig-
nificant problem is also the latency and connection speed, which is a key factor when remote
collaboration is considered. Another interesting issue is the analysis of the requirements for
the supporting tools. People interactions and communication involve a human factor, which
makes the requirements space a fuzzy one. Therefore, it is difficult to perform the analysis
and requirements specification a priori. As result, Agile Development is rarely practiced by
distributed teams, despite the increasing popularity of the agile movement.



Chapter 3

Conceptualization of Distributed Agile
Development

Software development process consists of numerous aspects of various types: from technical
ones such as hardware and software, through organizational and methodological issues to
people behavior and psychological nuances. Obviously DAD added several new variables.
Among them, team spatial distribution and team communication patterns belong to the
most significant ones. As they directly affect other variables, they complicate the picture of
the whole process.

As DAD is a new research area, these issues are not exhaustively explored yet. Therefore,
it seems purposeful to organize them into a general conceptualization. While it attempts to
classify the DAD domain, it also assures that no crucial issue is omitted in the conducted
study. Moreover, by emphasizing several issues, it allows for introduction of the specific DAD
model.

It must be clear that it is acceptable here to argue with certain observations and simplifi-
cations. Including too many details will made the conceptualization unreadable. In addition,
future extensions and modifications of the conceptualization are expected as a result of con-
stant development of all: agile movement, software engineering and technology. Still, beside
possible disadvantages, it positively carries out the role of a roadmap for further, more de-
tailed, studies (such as this dissertation).

3.1 Conceptualization
The proposed conceptualization is done in three following aspects:

1. A map of the basic DAD elements joined with generalization-specialization and aggre-
gation relations (a kind of extended terminology)

28
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2. Mutual relations between elements at the given level of specification, being the essence
of an agile process

3. Grounding of agile practices in the whole

3.1.1 Elements map

Figure 3.1 presents the map' of basic DAD elements.

Software
Developers

Managers Customers Hardware Other equipment

Resources

N\ /

Distributed Agile Development !

Programming Planning
Project type Time Distributed Setting
Team work organization Communication / ———
Technology Criticality
Size

Product management

Figure 3.1: The map of conceptualization elements

In the DAD structure, conceptualization distinguishes four groups: People, Resources,
Activities, Limitations.

People and Resources

People and Resources denote real world objects that are a part of software development
process. Within People group, three general types are specified: Managers, Customers and
Developers. These types cover the most important people roles in DAD. As for Resources,
they can be divided into Software, (computer) Hardware and Other Equipment that may
affect software development. An example of Other Equipment is a whiteboard, which may
be used for project tracking.

!The form of the concepts map is influenced by two different techniques: UML and Mind-Mapping. It
reminds an UML class diagram in a sense of the aggregation and generalization-specialization relations. The
presented form is an informal variation of class diagram which is more suitable for the work purposes. As
for Mind Mapping technique, it suggests building the conceptualization structure in a form of a tree, with a
central (crucial) element as the root and related aspects in the tree branches and leafs. It is worth to add that
Mind Mapping technique was recently brought onto agile ground [6, 35] [24].
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Activities

To make a use of the available Objects, a set of Activities is required. In fact, this set builds
a software methodology. The form of these activities directly emerge from the accepted
development methodology.

For example, Programming includes all programming activities such as coding, testing,
debugging and designing. One can argue on this selection as designing is often regarded as
a separate activity. This is partially true for the traditional software development methods
such as waterfall model. In agile approach, the design evolves incrementally through frequent
code refactorings and intensive communication between project collaborators (i.e. customers
and developers). Another specific activity typical for Agile Development is Communication.
While it is present in traditional methodologies, Agile Development puts it into the front,
which results in a considerable number of communication principles. As for Team Work
Organization, it denotes such aspects as work synchronization, workspace preparation and
work pace maintenance. Product Management involves marketing and contract issues such
as product release, installation, support and others. Finally, Planning activity stands for the
agile planning cycle with considerable customer involvement and time estimation techniques.

A question arises on how these activities correspond to the presented agile practices. An
activity groups a set of practices. The grouping is done based on mutual dependencies of
practices, their goals and common development aspects. For instance, within Programming
activity one can point out Pair Programming and Test-Driven Development practices. They
both directly refer to code development. This classification corresponds also to the organiza-
tion of Section 2.3, in which the agile practices are presented.

Limitations

Limitations emerge from the specificity of environment in which the activities (methodology)
operate. Obviously, DAD adds a new limitation of work environment which is Distributed
Setting. Among other limitations, Criticality requires a brief explanation. Criticality states
the project significance, its risk and estimated costs of improper behavior (e.g bugs). Higher
criticality usually requires more reliable solutions, additional support and proper strategy of
the integration and project control.

3.1.2 Elements relations

The identified elements do not exist in separation. They are involved in the relations with
other elements. These relations constitute their roles and meaning for the DAD process.
The second aspect? of the proposed conceptualization, which is presented in Figure 3.2, at-
tempts to identify these relations. An interesting observation is that the conceptualization
corresponds to Systems Thinking approach (see Section 2.3.2). As already explained, this
approach introduces the notion of synergy [83], in which the effect of two elements acting

2This aspect of the conceptualization is influenced by UML collaboration diagrams and ERD model. They
both depict mutual interactions between diagram elements, such as objects and entities. Both of them attribute
the relations. In the proposed conceptualization the attributes of relations are replaced by relations types.
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together is greater than the sum of effects of these elements acting individually. This concept
can be applied also to the identified elements. The possible relations, which are depicted in
Figure 3.2, indicate that the elements do not exist and act in separation, but as a part of the
whole synergistic system.

In this aspect, the conceptualization consists of Elements and Relations. Elements are
already identified People, Resources, Activities and Limitations. Relations are classified into
three following named types: Participate In, Require and Affect. The use of verbs here
instead of nouns improves the readiness of the conceptualization. Table 3.1 contains a brief
description of these relations.
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Figure 3.2: Relations between conceptualization elements
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Table 3.1: Conceptualization relations specification

Relation Specification

Participate In Every activity must be participated by a human. By partic-
ipating in an activity people actually collaborate with each
other. As activities group practices, participating in an ac-
tivity means practicing at least one practice within that ac-
tivity.

Require An activity may require a resource to be consumed. In addi-
tion, a resource may require other resource. An example is
Programming which requires Software, which requires Hard-
ware.

Affect Activities are not performed in isolation. They interact with
other activities. The interaction usually means affecting
other activity by providing significant data or work frames
including environment and project goals. As the Affect rela-
tion is single-directional, it actually constitutes a work flow.
For example, Product Management affects Planning, which
affects Programming. This is a typical project work flow.
Another case for the relation emerges from the existence of
limitations. Undoubtedly limitations have a strong influence
on project activities. For example, Team Work Organization
activity strongly relies on the Project Size limitation. In case
of large projects, the organization of team work (e.g. syn-
chronization) is much more complex than for a small project.
In fact, Project Size affects Team Work Organization.

The central element in the conceptualization is Distributed Setting limitation. Undoubt-
edly, this illustrates the unique specifics of DAD. Distributed Setting affects all DAD activi-
ties. As activities consists of agile practices, the setting affects, in fact, some of the grouped
practices.

Another unique aspect of DAD is the role of Customers in the project. According to
the conceptualization, Customers participate in Planning and Communication. This is on
contrary to traditional methodologies where the role of customer is limited to requirements
specification. Similarly, agile methodologies extend the role of developers. In DAD, they
actively participate in Planning and Communication. What is more, they directly collaborate
with customers through these activities. While traditional methodologies tend to separate
developers from customers, this close collaboration is, again, a specific agile aspect. It is often
regarded as the source of agile success. Be that as it may, the collaboration forms a working
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flow in the agile methodologies. An example is given in specification of Affect relation (Table
3.1).

To summarize, the conceptualization emphasizes two issues: distributed setting and col-
laboration. These issues, in fact, constitute DAD discipline. When both are considered, two
following questions arise:

e What are the effects of applying distributed setting limitation?
e In what ways distributed setting affects collaboration?

In order to answer these questions, the third aspect of the conceptualization is presented
in next section. As collaboration refers mainly to Planning, Communication (collaboration
of Developers and Customers), Team Work Organization and Programming (collaboration
among Developers), these activities are selected as the area of interest (see Figure 3.2). One
can notice that these activities actually determine the development course. While traditional
methods emphasize the role of Product Management activity, agile methodologies consider-
ably limit Product Management in favor of direct people interactions, which are covered by
the selected activities.

3.1.3 Agile practices

The specified area of interest (see Figure 3.2) consists of four collaboration activities which are
affected by distributed setting limitation. As already mentioned, these activities represent
certain groups of agile practices. The grouping criteria include the place and role of each
practice in the whole process. Thus, when the Affect relation is applied to an activity, in fact,
it is applied to the grouped practices within this activity. However, not all of the grouped
practices need to get affected. Therefore, when the distributed setting is considered, a study
on affected practices is required.

In order to point out the affected practices, they must be identified first. This is one of
the roles of the third aspect of the conceptualization. It is presented in Figure 3.3. It depicts
the relations between selected activities from a perspective of agile practices. There are two
interesting issues here:

e How the relations between activities map onto relations between practices? This seem
significant as it shows the role and importance of individual practice in the process. A
crucial practice must be supported in distributed setting to maintain the process.

e Which of the identified practices are involved in the collaboration? Involved practices
are more likely to get affected by the distributed setting limitation, which means they
can require support to be maintained.

Relations between practices

Sixteen practices can be identified within the four selected activities. All of the identified
practices are described and explained in Section 2.3.1. The convention used for denoting Re-
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Figure 3.3: Agile practices and their relations

lations remains the same as for relational conceptualization. One can notice that Participate
In and Affect relations are preserved.

There are five cases for the relations between selected activities: Planning affect Pro-
gramming, Communication affects Programming, Team Work Organization affects Commu-
nication, Team Work Organization affects Programming, Programming affects Team Work
Organization. Practices conceptualization maps them onto individual practices. For example,
the last case is implemented by Pair/SbS Programming practice which influences Continuous
Integration by producing and committing (releasing for integration) concurrent versions of
developed code accompanied with tests. Judging by the number of relations between prac-
tices, it seems that the two first of the five listed activity relations are stronger, and therefore
more important, than the other three. This observation is used in further discussion on
collaboration.

The relations between practices form a visible work flow: from planning practices (Plan-
ning Game, Customer Tests) supported by communication practices (Osmotic Communica-
tion, Stand-up Meetings), through Programming (TDD, Simple Design, Pair/SbS Program-
ming) to work organization practices (Continuous Integration). One can notice a central role
of Pair/SbS Programming in this work flow. This should not surprise as programming is a
core of software development.

An interesting observation is that the discussed conceptualization reminds of XP practices
dependencies scheme (Figure 2.9) aimed at illustrating the source of XP practices synergy.
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While the conceptualization focus on the most important relations between selected agile
practices, it can be also seen as a illustration of their synergy.

Practices in collaboration

The collaboration emerges from practices in which both developers and customers directly
participate. In addition, the collaboration can indirectly include other practices based on
identified relations. For instance, Planning Game, which is a collaborative practice, is affected
by Small Releases. While Small Releases practice is not participated by anyone, this relation
might, in certain cases, involve Small Releases in the collaboration as well.

Judging by the number of collaborative practices, one can notice that Planning and Com-
munication are the most collaborative activities. This corresponds to the previous observation
of the most numerous relations between following activities: Planning affecting Program-
ming and Communication affecting Programming. When both relations and collaboration
are combined, it appears that the triangle which vertices are Planning, Communication and
Programming instantiates a core of Agile Development. It is due to intensive relations and
collaboration within this triangle.

Furthermore, it can be noticed that Pair/SbS Programming practice plays, again, a crucial
role here. Not only is it a significant element of a work flow (most affected by other practices),
but it is also a collaborative practice. Therefore, when a support for DAD collaboration
is considered, Pair/SbS Programming must be approached with a considerable attention.
However, once supported, it requires the related practices to function properly. Obviously,
the problem appears when a related practice is a collaborative one as it also needs to be
supported in distributed setting. Among the related practices, the following two involve
direct and intensive collaboration: Planning Game, Osmotic Communication.

3.2 Communication model of DAD

The proposed conceptualization shows the role of agile practices in the DAD process. As
mentioned, team distribution affects these practices in a different way. Some of them are vul-
nerable to team distribution, while some are not. To indicate which practices are vulnerable,
and therefore require support, a classification of communication channels is proposed.

Based on the classification and the status of the available support, it is possible to select
channels for support development. In order to evaluate the developed support, the presented
model proposes also metrics of the selected practices and channels.

Communication problems are the essence of DAD discipline. Here the following aspects
are investigated:

e Classification of practices in a sense of their sensitivity to a team distribution
e Communication channels involved by each practice

e Status of the available support for the identified channels
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3.2.1 Classification of practices in distributed setting

The presented conceptualization identifies collaborative practices which are supposed to get
affected by the team distribution. Based on this assumptions, the model proposes a classi-
fication for three types of practices: practices that do not require support, practices which
may require a limited support, practices that require support.

Obviously distribution affects the communication and data exchange. It appears that
some of the agile practices do not rely on communication. An example is Sustainable Pace,
which is a disciplined approach to the working hours. This approach, once established, do
not require further attention. The model identifies two other practices which can be adopted
onto distributed ground with no additional support.

The model distinguishes four practices, that may require a limited support. For example
Metaphor assumes establishing a common dictionary for the project participants. As this
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dictionary must be shared and collectively developed, a limited support may be required.
Coding standard is a similar case (just replace dictionary with common coding convention),
however usually it is established at the project beginning. Small Releases practice requires
releasing a product to a remote customer which may involve additional developers support
(presentation, installation, training). Finally, while Simple Design is only a suggestion, it
refers to designing, which requires considerable collaboration.

With regard to other practices, they vary in the type and effectiveness of required support.
Such practices like Pair Programming and Osmotic Communication usually involve more
intensive communication than Customer Tests, especially that these are practices of a day-
to-day team work. In addition, these practices involve a variety of data types. For Pair
Programming, these are, apart from direct conversation, developed code, design sketches and
concept drawings.

3.2.2 Communication channels

Each practice, which requires support, involves some amount of communication. Every com-
munication is instantiated through a communication channel. The model presents five types
of channels for the discussed agile practices. These types are described in Table 3.2.

Table 3.2: Communications channels types

Channel type Description

Voice & video Voice and video channel assumes a real time (life) trans-
mission of voice and video image of communicating people.
There are two fundamental properties that describe this type
of channel: latency and quality. As for latency, it is often
assumed that it should not exceed a limit of two seconds
in both directions, otherwise the bidirectional communica-
tion is seriously aggravated. In case of quality, which is a
subjective property, it is difficult to make similar assump-
tions. Therefore, a basic requirement is the understandabil-
ity of transmitted information. Additionally, quality can be
subjectively described by the comfort and easiness that the
information is acknowledged with.

Static text This channel assumes an infrequent transmission of text in-
formation. A typical implementation are emails and web
pages. At present, with the growing popularity of wiki pages,
replacing emails in a development environment, static text
becomes more of text sharing. Obviously the main property
of the channel is its reliability and accessibility.

Continued on next page |
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Table 3.2 — continued from previous page

Channel type Description

Dynamic text Real time text channel assumes considerably frequent trans-
mission of text information. A single text transmission is
usually treated as a message. The main property of this
channel is a latency. It can be assumed that a maximum
latency is no more than several seconds. However, in more
sophisticated cases, the maximum is the same as for voice
and video channel.

Graphics This channel assumes a transfer of graphical information. It
has three main properties: latency, quality and accessibility.
A maximum latency depends on the case. A dynamic col-
laboration requires a latency of two seconds at maximum.
Sharing graphical information does not pose any latency re-
quirements. Quality refers to the quality of the incoming
graphical data. Accessibility refers to two aspects: channel
accessibility and the format in which the graphical informa-
tion is available.

Others Other channel types may emerge from specific purposes. An
example can be a binary channel used for broadcasting a new
release of the developed product. While this channel can be
implemented based on the already specified channel types,
due to its special purpose it seems reasonable to separate it
in the other type.

Using the presented types, the model attributes each practice with a set of required
channels. In addition, main channels (which are either required or considerably facilitate the
communication) are distinguished from the additional ones (sometimes may occur useful). In
this way, a kind of map of practices is formed. For example, On-site Customer practice may
involve all channels types, while Metaphor requires only one. As for Simple Design, which is,
as already mentioned, a kind of suggestion or motto, it is attributed with additional channels
only.

3.2.3 Auvailable support for crucial practices

The model gives some overview over the available software solutions that may be used to
support channels of the identified practices. The listed solutions can be both general (e.g.
conferencing tool) and domain specific (e.g. FitNesse [87]).

There are also cases where no solution is available. The examples are Graphics channel
for Information Radiators and Planning Game. These practices were identified as significant
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in previous sections. Likewise, Pair Programming and Osmotic Communication were pointed
out as crucial for the whole process. With regard to these practices, the presented model
reports inefficient support. Pair programming lacks of the reliable support for Dynamic Text
channel, which means remote collaboration and sharing of the same developed code. The
main problems with available solutions are, as mentioned (see Section 2.4.2), communication
latency, quality and features. In case of Osmotic Communication, the Dynamic Test channel
is currently maintained by text chat applications, however, these solutions are not satisfactory
as they provide only limited set of features.

As result, the crucial practices are not maintained in distributed setting. Therefore, the
decision was made to develop a solution which would support the selected channels of the
crucial practices: Pair Programming, Planning Game and Osmotic Communication supported
by Information Radiators technique. This technique is often used in Osmotic Communication
practice. Therefore, to simplify further discussion, hereinafter it is referred to as a part of
this practice.

3.3 Metrics for crucial practices

When the support for the crucial practices is considered, a question of its evaluation arises.
The evaluation requires a metric, or better, a set of metrics, which should provide objective
and reliable results.

However, a problem arises as agile practices involve numerous factors (e.g. psychological
aspects of people interaction and collaboration), which are difficult to quantify and objectively
measure. This makes it difficult to propose a reliable metric which can provide valuable and
accurate data

This problem is approached mainly with regard to Pair Programming so far [49, 72, 12,
47, 46, 36, 73, 52, 53, 41, 69, 74, 37]. As for the other two practices, that is Planning Game
and Osmotic Communication, no research, and therefore no metrics, in this field are reported
yet.

The common theme of Pair Programming related studies is to examine the efficiency (in
terms of direct costs and productivity) of pair programmers in comparison to the traditional
approach (solo programming).

One of the most popular productivity metric is the Lines Of Code (LOC) metric [49, 72,
12]. Its enhanced variant LOC per hour per person is proposed in [47]. While this metric
appears to be a direct measure of programmers productivity, it is not reliable enough, as it
depends on several factors. The factors include code formatting, readiness and quality in
terms of design and redundancies. Another issue is the individual style of coding that every
programmer has. As result, the metric would give different results for programmers which
are equally productive.

An interesting concept of Cognitive Programming is developed in [36]. The model assumes
that the programming process consists of consecutive stages from Definition (of a problem),
through Model to Code. The idea behind the concept is to measure development time in
each of these stages separately. However, it seems this concept disregards the fact of stages
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overlapping (or even concurrency), which aggravates (or even prevents) the estimation of
individual steps duration. The overlapping of stages is even more likely in case of Pair
Programming (e.g. the model can evolve as a result of partners’ discussion during code
development).

In order to measure the quality of the developed code, the number of failures (defects) is
used [18, 29, 16, 21, 41, 69]. A similar metric is the number of passed tests (usually acceptance)
proposed in [47, 74, 37]. To include the assessment of defect severity, the paper [53] suggests
to measure also the time of defect removal. In the same paper (which is, unfortunately,
conceptual only) authors propose to take advantage of the relative (to LOC) rate of defects,
called defects density, rather than total number of defects. Another variant of the quality
metric, that is utilized in [47], is the number of re-submissions of the corrected (due to defects)
code. Furthermore, an interesting concept of measuring the code quality through the rate of
code comments can be found in [26], however, it cannot be applied to agile programming due
to the refactoring practice (which assumes a self-explanatory code instead of code comments).

It is often assumed that psychological and educational aspects of Pair Programming con-
siderably increase the efficiency of the programming pair. Thus, some of the studies investigate
these aspects as well. In [76] authors report on the use of asynchronous PP (that is peer re-
views) in the e-learning student platform during a course of object-oriented programming.
As for metrics, the examination grades are used. In [42] approaches the feelgood factor. This
factor is meant to estimate programmers’ attitude towards their work, which has a consider-
ably impact on maintaining programmers efficiency during long-term projects. To measure
this factor, a questionnaire is used.

From the presented standard metrics, a few ones draw attention in the context of this
work. In addition, some of them, such as (development) time, can be also applied to the
other two practices (Planning Game and Osmotic Communication). On the other hand, it
seems that the standard metrics do not fully cover the needs of AD and DAD. A proposed
solution is to modify the existing metrics and to formulate new ones. Therefore, the metrics
utilized in this work can be organized into three following groups:

e standard metrics
e standard metrics enhanced and adopted

e domain specific proposed metrics

The proposed metrics assume specific conditions. To provide them, a suitable task is
proposed, which also depends on the observed practice.

3.3.1 Standard metrics

This group consists of three metrics: time, number of passed tests and number of found errors.
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Time

Time refers to the duration of the observed action or phenomenon. In the given context, this
metric measures the duration of work (in minutes) on an assigned task. This can be applied
to all three practices.

Depending on the practice, the proposed tasks are:

e Pair Programming: implementation of complex algorithm
e Planning Game: extraction of User Stories from the customer

e Osmotic Communication: searching for a specific information in the available data
sources

Obviously, this metric can be applied to the other test scenarios to shorten the required
time of the simulation. The exception is Osmotic Communication, where the task must be
dedicated.

Passed tests and found errors

These are standard quality software-oriented metrics, which are especially popular in a pro-
gramming context. A good practice is to normalize the measurements by the total number
of tests and errors, as it is presented in Equation 3.1:

Observable quality = g (3.1)

where: p and ¢ mean number of passed tests (found errors) and number of all tests (errors)
respectively. As for errors, a suggested approach is to introduce them into well designed
problem, for example a well tested piece of code. Still, the result value can be greater than 1
due to the nature of (unexpected) errors. The time of work (needed to find the bugs) is fixed
in this metric.

This metric applies only to Pair Programming. The task should be a code with a set of
unit tests, in which several bugs were introduced. The task is to remove the bugs, in this way
making all the unit tests passed. The time of work is fixed.

3.3.2 Standard metrics enhanced and adopted

This group consists of two metrics: created features and feelgood factor.

Created items

This is a straightforward productivity metric which measures the output of the observed
process. A well-known example is the LOC metric for programming, which is, as pointed out,
questionable and unreliable though. A better choice is to measure the number of implemented
items.

Therefore, the value is obtained using Equation 3.2:
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Items productivity =

(3.2)

* 1
where: p is the number of created items, ¢ is the time of work (in hours) and n is the number
of people who created the items. The time and number of people are meant to normalize the
result. While in Pair Programming the number of participating people is, by definition, two,
in Planning Game and Osmotic Communication it varies, and therefore, have an influence on
the result.

Depending on the practice, the proposed tasks are:

e Pair Programming: a set of unit tests to be implemented for a given code with well
isolated methods. Unit tests are treated as items.

e Planning Game: User Stories for a problem with strictly isolated requirements. User
Stories are treated as items.

The metric is not applied to Osmotic Communication as it seems difficult to experimentally
simulate the real natural communication as well as to quantify the communication results.
An example task for Planning Game is presented in Appendix B.

Feelgood factor

As mentioned, this metric estimates the people attitude to their work. However, it seems that
the factor can evince in more than just one aspect of people work. Therefore, in the given
context, the metric is modified so that it includes the three following aspects:

e subjective assessment of the efficiency and usability of the utilized process or tool
e work satisfaction

e subjective assessment of task easiness

The data is gathered via questionnaire. All three assessments are scaled from 1 to 5 where
5 means the highest efficiency, satisfaction and easiness respectively. The final value can be
obtained using the Equation 3.3:

a1 +ag + as
15
where: a1, as and as stand for the efficiency, satisfaction and easiness assessments respectively,

Feelgood factor = (3.3)

and 15 is meant to normalize the result.

The task should be of moderate difficulty so that the participants answers may vary. No
more special assumptions need to be done. Alike Time, this metric is to be used during
completing tasks proposed for other metrics.
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3.3.3 Domain specific metrics

This group of metrics emerge from the specific aspects of the three discussed practices. In
[71] authors identified seven synergistic behaviors of pair programmers, which are believed
to strongly impact the efficiency of the work and the quality of the produced code. Among
them, the following three are selected to be the base for the proposed metrics: Pressure,
Negotiation and Learning. While these behaviors are identified in respect to the practice of
Pair Programming, they also apply to the other two practices.

As result, the following three metrics are proposed respectively to the selected behaviors:
E-Factor (Pressure behavior), Negotiation, Learning.

It is likely that the presented metrics may be further improved and tune to some spe-
cific conditions. However, this requires a considerable amount of experiments for metrics
verification and examination in different conditions, which is a subject for a dedicated study.

E-Factor

Pressure refers to the fact that pair programmers tend to be more focused on their mutual
goal. Observations show that they are less keen to answer phone calls or check e-mails,
which is a quite common phenomenon when working individually. To explain the role of
this phenomenon, a parameter known as ” Environmental Factor” or E-Factor was defined by
Equation 3.4:

E-Factor = —2— (3.4)

p+gq

where p is the total amount of time of the uninterrupted work and ¢ is the total amount of
the time of the interrupted intervals (e.g. due to email writing or social conversations).

Obviously, individuals and teams with high E-Factor are more productive than ones with
the lower one.

Pair programmers admit to be more productive to make a positive impression on their
partners. The same issue refers to people practicing Planning Game and Osmotic Communi-
cation. The presence of the second person is also perceived as motivating and helps in fighting
discontented moods or indolence. Finally, since co-operating people value their time, they
take maximum advantage of it by completely filling it with work.

This metric relies on the environmental setting rather than task. It is suggested to or-
ganize simulation environment with several distracting elements, such as toys, pictures and
computers with launched games. Additionally, during task completion, participants should
be interrupted two or three times. This metric cannot be applied to Osmotic Communication
as the communication is not a continuous process but rather periodical.

Negotiation

The Negotiation behavior relies on the observation that several minds work better than one.
They inspect greater number of alternatives and consider different approaches to the same
problem. In result, co-operating people are more likely to elaborate better solutions by using
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the power of joined skills, experiences, knowledge and intuitions. The brainstorming effect
allows collaborators for resolving even most complex issues that seemed nearly impossible at
the first glance.

Hence, the idea of the metric is to examine the quality of the collaboration which is the base
of the three selected practices. The metric assumes that a specific knowledge is distributed
among collaborating participants. The knowledge must be new to the participants, but not
too complex. Participants are assigned a set of tasks related to the distributed knowledge.
To complete them, the knowledge be merged, as the result of the Negotiation behavior.

The final result can be computed using Equation 3.5:

Negotiation efficiency = b (3.5)
q

where: p is the number of completed tasks, g is the total number of tasks. The time of
work is fixed. It should be short to differentiate the results.

The task should require a specific knowledge which won’t be familiar to the participants.
The knowledge is divided among collaborating participants. The proposed tasks are:

e Pair Programming: an implementation of method based on specific interfaces or rare
library specification (knowledge to be distributed)

e Osmotic Communication: typical programming assignment (similar to that for Pair
Programming) with separated developers and communication achieved through Osmotic
Communication

The metric is not applied to Planning Game practice because Planning Game assumes
rather one-direction information flow, that is from customer to developers.

Learning

The Learning behavior emerges from the fact that team members (e.g. pair programmers)
posses a variety of different skills, abilities, experiences, knowledge and even programming
habits. During work they automatically share this information and, in result, continuously
learn from each other. What is more, in case of Pair Programming, learning process extends
beyond the single pair due to the frequent pair swaps. As result, as the time passes, learning
becomes more intense and valuable owing to the greater contribution of the individual team
members. In case of Planning Game, the Learning allows developers for the acquisition of
business knowledge, which is necessary to proper understanding of the customer expectations
and needs.

Thus, the idea behind the learning metric is to measure the quality of the knowledge
transfer. A selected participant is familiarized with a task specific knowledge, unknown to
the rest of participants. During the work, the knowledge is expected to be transfered to the
other participants. To measure the degree of obtained knowledge, a simple questionnaire is
used. The value of the metric is computed by the Equation 3.6:

) L Z;gnzo qk
Learning quality = =5="— (3.6)
m

P
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where: m is the number of participants to whom the knowledge is transfered, ¢ is the
number of valid answers of participant k£ and p is the number of valid answers of the selected
participant familiarized with the specific knowledge. It is assumed that p # 0 to make this
metric applicable. The value of p = 0 can be caused by the questionnaire being too detailed
or inadequate to the posed task. Another reason can be participants not properly focused on
the task or not motivated to the proper experiment activity. These issues should be avoided
during experiment preparation (this includes selection of participants).

This metric requires a similar task as the Negotiation metric. The only difference is that
the knowledge is provided to only one person from the collaborating participants. The task
must encourage the selected person to broadcast the possessed knowledge. As for Planning
Game, the problem for analysis and planning should contain a specific knowledge, which must
be passed during User Stories extraction. An example task for Planning Game is presented

in Appendix B.

3.3.4 Metrics assignment to selected practices

The above presentation of metrics indicates (and explains) that not all proposed metrics are
assignable to all three discussed practices. To emphasize this issue, Table 3.3 shows the

assignment of each metric to the individual practices.

Table 3.3: Metrics assignment to the selected practices
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3.4 Summary

This chapter presented the proposed conceptualization of Distributed Agile Development
(DAD). The conceptualization includes the model of communication channels for major agile
practices as well as the proposed set of metrics for evaluation of the selected practices.

The conceptualization is divided into two aspects. The first one, identified basic elements
in DAD and organized them with a use of generalization-specialization and aggregation rela-
tions. Among the basic elements, the major agile practices are identified. The second aspect
presented the mutual relations between the elements in a sense of the agile process. This
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explains the roles of the practices.

The presented model classifies agile practices in a sense of their sensitivity to the team
distribution. The model identifies also the communication channels and specifies which are
required by the practices sensitive to the distribution. It also describes the available support
status for these channels and discuss the ways they can be supported.

The proposed conceptualization and model allow to explain the selection of three agile
practices for which the supported is developed: Pair Programming, Planning Game, Osmotic
Communication. The selection is done based on three criteria: practices sensitiveness to team
distribution, their role and significance for whole agile process, the lack of efficient support for
them. For the selected practices, this chapter presents the proposed set of evaluating metrics.
The set consists of three types of metrics: standard metrics, modified and adopted standard
metrics, new domain specific metrics proposed for the purpose of the presented research.

The proposed conceptualization reflects the author’s observations and point of view on
the matter of DAD. It may be further developed to replace the proposed simplifications and
supplement the missing aspects.



Chapter 4

Developed supporting solution: Agile
Studio

This chapter presents the proposed supporting solution to DAD called Agile Studio. It was
developed with a use of concept of Experiment-Driven Development, which is presented in
next chapter. Generally speaking, the concept proposes an iterative process based on evalu-
ation experiments to revise the continuously developed requirements and verify consecutive
implementations of the product. As result, the requirements specification considerably evolve
during the development.

The chapter is organized in the following manner. Firstly, the concept of Agile Studio is
presented including very general conceptualization requirements. These requirements outline
the base assumptions for the whole developed solution and influence the presented architec-
ture of Agile Studio. The second part of this chapter describes all Agile Studio components.
As they are meant to support selected agile practices, a strong emphasis is put on the re-
quirements, which must be realized to effectively support given practice. As mentioned above,
these requirements were continuously developed during the research. To illustrate how they
are realized, the current release versions of components are shown and their key functionalities
outlined.

It should be emphasized that the developed requirements for Agile Studio components
reflect the current state of development, and it is likely that they can evolve as a result of

future work.

4.1 Conceptualization requirements

At present, due to the novelty of the DAD discipline, there is no common concept on how
agile methodologies and their practices should be maintained in a distributed setting, nor a
common vision of a supporting software and the proper design. It seems that, at present,
the remote collaboration is limited mainly to teleconferences with a use of standard com-

47
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munication applications such as voice communicators and desktop sharing tools. It appears,
however, that these tools do not fulfill the specific needs of selected practices. Therefore, the
development of Agile Studio was started with the following four requirements posed:

1. The solution must support the three selected practices: Pair Programming, Planning
Game and Osmotic Communication.

2. The solution must support (preserve, stimulate, not suppress) the phenomenon of syn-
ergy of various factors (e.g. human interactions), which is not only the most valuable
but also crucial factor, especially under the circumstances of a team and its pairs dis-
tribution.

3. The solution ought to cover all functions that are recognized as necessary or useful in the
geographically co-located mode which stay in accordance with the primary requirements
including also functions which are decisive only for friendliness of it.

4. The solution must fulfill all requirements for a modern computer system of its type as
soon as a conflict with the second and third requirements (necessary ones) does not
arise.

The very interesting observation was made that as long as requirement 4 can be fulfilled
based on a usual practice, the others needed a special approach. It is due to the fact that
the synergy cannot be explicitly specified, which makes it difficult to define the preliminary
requirements.

To overcome the problem, the concept of Experiment-Driven Development was applied
(see Chapter 5). Through the series of evaluating experiments, it was possible to formulate
the detailed functions of the developed solution and tune its parameters to the needs. The
obtained feedback provided necessary information to elaborate proper design and detailed
requirements specification, leading to continuous improvement of the developed Agile Studio.
Having considered this approach, it is likely that the elaborated detailed requirements, which
are presented in this chapter for every component of Agile Studio, are not fixed. They may
alter as a result of future experiments.

With regard to the fourth requirement of meeting expectations towards modern com-
puter system it seems obvious and indisputable. These included such features as multiuser
and real-time work, portability, extensibility, quick installation, user friendliness and others.
Among these, real-time work required a special attention. On the other hand, poor networks
bandwidths and high latencies are serious limitations for full synchronization of the remote
collaborators. Therefore, a proposed solution was expected to balance the costs and benefits
of the real-time support. To establish the balance, the proposed approach was used. This
required a lightweight and modular solution with an open design preferably.

4.2 Design of Agile Studio

This section presents the design of Agile Studio. Firstly, it concentrates on depicting the
general concept of the developed solution. Afterwards, the architecture details are overviewed.
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4.2.1 General concept

The developed Agile Studio consists of four components:
e three functional components supporting selected agile practices:

— Distributed Pair Programming Editor (DPPE) supporting Pair Programming
— Planning Desktop (PD) supporting Planning Game
— Osmotic Communicator (OC) supporting Osmotic Communication

e one central component, called Agile Server (AS), which provides communication layer
for the functional components

Agile Studio is based on a server-client architecture. It provides a common communication
layer for all three functional components, despite their different purposes. It was possible
thanks to the observation that most of the collaboration activities rely on similar pattern,
which is sharing of specific objects, for instance text documents.

Agile Server
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Figure 4.1: Agile Studio concept

To better explain the concept of Agile Studio, it is illustrated in Figure 4.1. The figure
shows a distributed team, which consists of five developers and one customer. Two developers
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practice pair programming, one of them practices also Osmotic Communication with other
developer at the same time. The other two developers collaborate with remote customer
in the Planning Game session. To collaborate with remote colleagues, the team members
utilize the functional components of Agile Studio: DPPE, PD, OC. Functional components
connect to the same Agile Server, in which separated sessions are dedicated to their specific
tasks. By connecting to the common server, collaborators can easily switch between sessions.
Additionally, they can communicate with other members, regardless on the their current
session and activity. The use of a server-based approach also frees collaborators from having
the public IP address in order to establish connection with a remote member.

The proposed concept is driven by the fourth of the conceptualization requirements, which
assumed extensibility and portability. The goal behind Agile Server is to provide a common
communication layer for all applications that require distant communication. This allows for
extending Agile Studio with new components supporting other agile practices. What is more,
Agile Server can be also utilized separately from Agile Studio as a communication layer for
external applications. The chosen architecture model can be implemented using well-known
and reliable technologies, which follows the base assumption of portability.

4.2.2 Architecture

The architecture of Agile Studio is presented in Figure 4.2. The emphasis is put on the
communication layer, which is provided by Agile Server to the three functional components:
Distributed Pair Programming Editor, Planning Desktop and Osmotic Communicator.

As already mentioned, it has been observed that every collaboration is likely to take
advantage of certain shared objects. This is also true for the selected agile practices. In Pair
Programming developers operate on the source code files, in Planning Game User Stories are
shared. As for Osmotic Communication, team members share specific Information Radiators
available in the open workspace in which they work. Thus, the main role of Agile Server is
to manage and provide real-time access to the repository of shared objects.

To achieve this, three following aspects need to be considered:

1. Access to the common messaging interface of Agile Server
2. Repository that handles shared objects of separate sessions
3. Synchronization of shared objects among session participants

As shown in the figure, the first aspect is handled by Agile Client, an important element
of Agile Studio. Agile Client implements suitable mechanisms for connecting, sending and
receiving messages from the server’s Messaging Interface. The interface is based on Java
object streams, which means that every message type is represented by a class. Obviously,
this simplified POJO-based solution' facilitates extending the server with new features and
messages, which allows to use it for different purposes. For the functional components, Agile

'POJO term is an acronym for Plain Old Java Object, and represents the popular idea of superiority
of simple designs over complex frameworks and environments. It strongly corresponds to the assumption of
simplicity proposed by Agile Methodologies and the practice of Simple Design described in Section 2.3.
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Figure 4.2: The architecture of Agile Studio

Agile Client
Agile Client
Agile Client

Client exposes API, which includes all required server functions, such as connecting to the
server, creating and joining a session, storing shared object and others?.

The second aspect is the repository of shared objects. It is realized by sessions which store
the shared objects. Server can handle multiple sessions at once. The access to the session
repository is limited to the session participants only. To obtain access, a connected user can
create or join already existing session. Every session contains the list of session participants.
It tells the server to which connected Agile Clients it should propagate the session data and
changes.

This leads to the third aspect, which is the synchronization of the shared objects. It
is realized in two steps. Whenever an event occurs to the shared object (e.g. addition,
modification), the first step is to update the server repository so that it is always up-to-date.
Then, the second step is to propagate the change to all session participants by sending a
proper messages. At the client-side, the message is handled by Agile Client which preserves a

2More details on the server functions can be found in the requirements specification for Agile Server in
Table 4.1.
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local copy of the session repository. After updating the local repository, the event is exposed
to client application (e.g. DPPE) by a suitable event from the Agile Studio API. The local
copy of the server repository makes the communication time-efficient as only the changes need
to be propagated. All server data is available locally without the need for querying the server
every time the information is needed.

There are few issues to be added here. The Messaging Interface of the server allows for
sending common text messages of three types: unicast (to one user), multicast (all users
in session) and broadcast (all users connnected to server). The interface is also capable of
sending custom messages. However, this requires extending the Agile Client as well. As for
the server sessions, beside shared objects, they contain also other information, such as session
description (Session Info) and history of session messages and events. This data is accessible
from the Agile Client API and can be used in the client components.

Another interesting issue is the role of session master. By default, every session participant
has a write access to the session repository, which means he/she can freely modify a shared
object. However, the server provides a role of session master, which can be changed via the
Agile Client API. In order to remain open, the implementation of blocking mechanism is
left to client applications. This was done for DPPE, where the navigator has only read-only
access to the shared source code.

4.3 Agile Server (AS)

This section presents the developed requirements for Agile Server. The requirements are
divided into functional and realizational. Realizational requirements refer to technologies
and working efficiency. Each requirement is assigned a unique ID symbol, which is used as a
reference in Chapter 5.3 where the development story is presented.

Table 4.1 presents functional requirements. They are organized into sections that refer to
different aspects of developed server.

Table 4.1: Functional requirements for Agile Server

ID Specification

GENERAL

AS-FR1 The current state can be stored and loaded at the beginning of the work.
AS-FR2 The port of the server is free to choose at a run time.

AS-FR3 All events and messages must be logged.

Continued on next page |
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Table 4.1 — continued from previous page

93

ID Specification
USERS AND SESSIONS

AS-FR4 The server must handle multiple users and sessions.

AS-FR5 Every user that connects to the server needs to be identified by a unique
nickname.

AS-FR6 Every user can create any number of sessions.

AS-FR7 To create a session, the user needs to provide unique session name and
a password.

AS-FRS8 Every user can join a session if he/she provides the correct password.

AS-FR9 Every user can join only one session at the time. To join another, he/she
needs to leave the current session first.

AS-FR10 Every user can delete an empty session, if he/she provides the correct
session password.

AS-FR11 Every user can leave a session any time. When all users leave the session,
it remains empty on the server.

AS-FR12 Every user can get a list of all users and sessions (with a list of partici-
pating users).

AS-FR13 Every user is notified about any change concerning connected users and
available sessions.

AS-FR14 Every user can send a text message: unicast (to specific user), multicast
(to specific session), broadcast (to all connected users).

SHARED OBJECTS

AS-FR15 A user in the session can an add, modify or delete shared objects within
the session.

AS-FR16 Shared object is assigned to exactly one session.

AS-FR17 All users within a session get immediately notified when an object in

this session is changed.

Table 4.2 presents the realizational requirements for Agile Server.
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Table 4.2: Realizational requirements for Agile Server

ID Specification

AS-RR1 The server must be run on every machine with a Java Runtime Envi-
ronment (1.4 or upper) installed .

AS-RR2 The messaging protocol should be based on Java object streams.

AS-RR3 The transmission delay of the server messages should allow for a real-
time work.

AS-RR4 The quality of the collaboration data must be maintained during trans-
mission (the transmission must be lossless).

AS-RR5 The server must provide a plugin interface for its future extensions (ex-
tensions include new types of messages and shared objects).

Most of the presented specification is dedicated to sessions, users and shared objects.
Requirements related to users and session can be treated as close to standard. However,
requirements which describe shared objects (from AS-FR15 to AS-FR17) and related issues
are specific for the discussed solution, being at the same time quite important as they realize
the idea behind the proposed Agile Studio.

Realizational requirements also require a few words of comments. While the quality of
communication (AS-RR4) and extensibility (AS-RR5) can be treated as standard require-
ments, an interesting idea stands behind the requirement of POJO-based messaging protocol
(AS-RR2). It is intended to facilitate implementation and extensibility. A requirement which
is likely to be out-of-date soon is the assumption of Java 1.4 compatibility (AS-RR1). The
idea was to target the developed server also onto older machines, which still run the Java
Virtual Machine in version 1.4. This would increase the portability of the solution.

4.4 Distributed Pair Programmers Editor (DPPE)

This section is dedicated to the overview of the developed support for Pair Programming.
Firstly, the developed requirements are presented. Secondly, the implemented application is
shown and its features are described.

4.4.1 Requirements for Pair Programming support

As for Agile Server, the requirements are divided into functional and realizational. The ID
symbols are used as a reference in Chapter 5.3 where the development story is presented.

Table 4.3 presents functional requirements that are divided into sections that refer to
different aspects of discussed support. The largest section groups requirements for Shared
Documents, which denote source code files.
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Some of the requirements were abandoned during the development process, mainly in
the Communication section . They are listed in the presented specification to illustrate how
the specification evolved. They are also being referred in the development history which is
described in Chapter 5.3. To differentiate them from other requirements, they are written in

italics and * symbol is put by the ID symbol.

Table 4.3: Functional requirements for Distributed Pair Pro-
grammers Editor

ID Specification
GENERAL

DPPE-FRI1 DPPE must provide a set of features typical for advanced IDE
framework (such as advanced editor with code completion, debug-
ger, code repository client, plugin mechanism etc.).

DPPE-FR2 The provided editor must handle, at least, the most popular pro-
gramming languages, such as Java, C#, C++, PHP, Ruby etc.
which includes syntax highlighting at minimum.

CONNECTION ISSUES

DPPE-FR3 User can connect and disconnect from Agile Server, only one at a
given time.

DPPE-FR4 To connect to a server, user needs to pass server URL and his/her
nickname.

DPPE-FR5 Connected user can obtain information on server sessions and users
at anytime.

DPPE-FR6 User can perform operations on a server which are compliant with
requirements from AS-FR6 to AS-FR14.

DPPE-FR7 Any change of the server status (including users, sessions) must

be indicated by appropriate system text messages.

Continued on next page |
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ID

Specification

DPPE-FRS

SESSION

A user in session can be in one of the two following roles: driver
and navigator. Within a session, there can be only one driver at
maximum and unlimited number of navigators. Default role after
joining a session is navigator. To change the role, the user must
obtain a keyboard by clicking a dedicated button.

DPPE-FRY

DPPE-FR10

The current state of the session must be preserved for all session
participants at all time (particularly during the change of the ses-
sion roles).

SHARED DOCUMENTS

A list of all shared documents must be available in a form of

separate view of window.

DPPE-FR11

Only a driver can change the view of the current document, in-
cluding the change of the current document.

DPPE-FR12

Only the driver can add, remove and modify a shared document.

DPPE-FR13

On connecting to a session, the shared documents get opened and
listed in the dedicated view or window.

DPPE-FR14

In a driver role, all editors containing shared documents are ed-
itable, which is indicated by the green editors background. In
navigator role, the editors are read-only with a blue background.
White editor background indicates a non-shared document.

DPPE-FR15

Whenever a shared document is changed, this change is immedi-
ately reflected on navigators’ side.

DPPE-FR16

Whenever a view of shared document is changed, it is immediately
reflected on navigators’ side. View synchronization includes: code
folding, scrolling, caret position and text selection.

DPPE-FR17

Whenever driver changes the active shared document, this change
is immediately reflected on navigators’ side.

DPPE-FR18

In order to add a shared document, driver needs to select an al-
ready existing non-shared document.

Continued on next page |
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Table 4.3 — continued from previous page

ID Specification

DPPE-FR19 When a new shared document is added, it is opened on navigators’
side and reflected in their shared document views. In case when a
similar document exists (same name but different content), navi-
gator can choose to overwrite existing document or share the new
document under different name.

DPPE-FR20 When a driver removes document from the session, it becomes a
non-shared document and can be stored, stored or added to the
session again.

COMMUNICATION

DPPE-FR21 A text chat must be provided with a coloring mechanism to dif-
ferentiate messages from different participants.

DPPE-FR22 The mouse pointer of every session participant is reflected on other
participants’ side with the attached name of this participant.

DPPE-FR23 Should be supported by a voice communicating software.

DPPE-FR24* The driver can see the navigator’s selection.

DPPE-FR25* DPPE should integrate voice communication.

DPPE-FR26* DPPE should integrate video connection so that developers can see
each other.

Note that * sign by the ID symbol means that the requirement was dropped during
development process.

It is important to emphasize here that based on the collected requirements, the DPPE is
meant to be supported by voice communicating software.

Table 4.4 presents two realizational requirements for DPPE.

Table 4.4: Realizational Requirements for Distributed Pair
Programmers Editor

ID Specification
DPPE-RR1 DPPE should be developed in Java to make it portable.
DPPE-RR2 DPPE should be developed as a plugin to one of the advanced

IDE.
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The presented specification contains both standard and non-standard problem-specific
requirements. The first group consists mainly of requirements related to connection and
session issues. Among the second group, the most important requirements are these related
to Shared Documents and their handling (from DPPE-FR10 to DPPE-FR20). Another crucial
requirement is the assumption of IDE integration (DPPE-FR1, DPPE-RR2). An interesting
requirement is also the additional communication channel, which is provided by the remote
mouse pointers (DPPE-FR22).

4.4.2 Current release of DPPE

Figure 4.3 presents the current release of DPPE. For better understanding, important points
were marked and labeled with numbers, which are utilized as references (e.g. @) for this
very description.

Following the presented requirements, the editor is developed as a plugin to the popular
development environment Eclipse [85]. Among other advantages, Eclipse provides support
for various programming languages. This feature is mandatory for the discussed support and
it is listed in the above requirements (DPPE-2). To realize this requirement, DPPE offers
an editor wrapper@@. The goal of the wrapper is to enable all available Eclipse editors to
be shared within the distributed pair programming session. This means that distributed
programmers can work on all types of files that can be opened inside Eclipse.

Beside the wrapper, DPPE consists of three views. The views are: connection panel with
a list of users and sessions in the connected server{@®, view of shared editors (i.e. source files)
in the current session{@®, view @ of server@) and user messages@).

Figure 4.3 presents all these views in action during the collaborative session, which involves
Navigator (user bottom) and Driver (user top) coding a Java class example. One can notice
differences between Navigator’s and Driver’s views layout and editors size. This feature
of Eclipse, which allows for adapting the work environment to user needs, requires special
attention during synchronization of the distant editor instances. For example, when the
remote editors differ in size, the Navigator may not see the code fragment that the Driver
works on. In order to prevent this, the editor implements a mechanism of caret tracking, which
enables the Navigator to follow the Driver’s area of view. Additionally, DPPE synchronizes
the scrollbars@.

An interesting issue is that Driver and Navigator roles of Pair Programming [71] simplify
the design of the supporting tool as only the driver can edit the source file (which is a shared
object stored in the Agile Server). In order to switch the roles, one need to obtain the
keyboard in the pair programming session (i.e. write access to session files). This keyboard
switch@) is synchronized by the server in order to maintain the same state of shared files
in the Driver’s and Navigator’s editors. To enable a real-time collaboration and decrease
the network requirements, the editor transmits only the session changes, not a whole session
state. As Eclipse IDE allows for code folding?, it was also synchronized ), improving the

3Code folding is a common functionality of IDEs and source code editors. It allows the user to hide and
display selected fragments of code. This enables user to handle large regions of complicated code by hiding
the fragments which are not needed at the moment.
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Figure 4.3: Distributed Pair Programmers Editors during a collaborative session

99

code-based communication quality. What is more, the user an see the selection made by

remote partner@). Another, very interesting feature, is real-time remote partner’s cursor{d,

which does not disturb driver during coding.

Among others, Figure 4.3 emphasizes the feature of colored editor background @, which

indicates the current role of the programmer. When green, it informs the programmer about

his/her Driver role and the ability to modify the shared code. Blue color informs about

Navigator role and read-only access.

An interesting feature of the presented editor is that there is no limit for the number of

users who can collaborate in the distributed pair programming session. Typically, Pair Pro-
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gramming practice assumes there are two users in the Driver and Navigator roles. However,
there are cases when a pair of programmers need to collaborate with other project partici-
pants such as expert, team leader or other project member. The developed editor handles
these cases. It allows for infinite number of Navigators in the same session. The Driver can
be only one. This role is not obligatory, which can be handy during code-review sessions.

In comparison to the concept of desktop sharing implemented by the existing supporting
tools such as VNC[98, 104], DPPE has several advantages. The most important ones are
the efficiency and quality. Desktop sharing assumes transmission of compressed screenshots,
while DPPE transmits only the changes. Among other advantages, the following ones can be
listed: introduced session roles preventing Navigator to edit the code (in VNC there are no
roles), integration with advanced IDE, ability to selectively share documents, remote mouse
pointers, integrated chat.

4.5 Planning Desktop (PD)

This section describes the developed support for Planning Game which is Planning Desktop.

Likewise previous section, it gives an overview over the requirements and current release of
PD.

4.5.1 Requirements for Planning Game support

Again, the requirements are divided into functional and realizational. As previous, each
requirement is assigned a unique ID symbol, which is used as a reference in Chapter 5.3.

Table 4.5 presents functional requirements organized into sections. The largest sections
group requirements related to User Stories, which is rather expected outcome. Two of the
requirements were abandoned during the development process.

Table 4.5: Functional requirements for Planning Desktop

ID Specification
GENERAL
PD-FR1 User can perform operations on a server which are compliant with re-

quirements from AS-FR6 to AS-FR14.

WORKING AREA

PD-FR2 User stories are added to the planning area of unlimited size.

Continued on next page |
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ID Specification

PD-FR3 Every user can scroll the planning area. Scrolling is not synchronized
within the session.

PD-FR4 The working area can be zoomed in and out. Zooming is not synchro-
nized within the session.

PD-FR5* The wvisible part of the working area should be synchronized among ses-
ston’s participants.

USER STORIES

PD-FR6 Every user story has its 1D, title, description, priority and cost. ID is
unique among whole server and automatically set by server. The others
can be modified by user.

PD-FR7 Every user story is represented by a rectangle on the working area.
Within the rectangle, the story title is shown. To edit the story data, a
double-click on the rectangle is needed.

PD-FRS8 Once in session, every user can add, modify, move, resize and remove a
User Story.

PD-FR9 When in modification mode, a new window appear at the top of the
given User Story with inputs for title, description, priority and cost.

PD-FR10 There are no limitations considering the length of the story title, de-
scription and the range of cost, except it must be of natural value.

PD-FRI11 The priority is set according to the MoSCoW rule (see section 2.3.1),
that is: Must (the highest priority), Should, Could and Would (the
lowest priority).

PD-FR12 The priority of the given User Story is indicated by the background color
of the representative rectangle card: Red for Must, Yellow for Should,
Green for Could and Blue for Would .

PD-FR13  Every change to the user story (both in content and appearance) is
broadcasted to all users in the given session.

STORIES GROUPS AND DEPENDENCIES

PD-FR14 Every user can select multiple user stories and moved together in the

working area. The selection can be done in two ways: by drag&drop-
based selection of the area with interesting stories, or by clicking each
story with a SHIFT button pressed.

Continued on next page |
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Table 4.5 — continued from previous page

ID Specification

PD-FR15 The selected stories can be grouped/ungrouped. The grouped stories
are moved together.

PD-FR16 Group of stories can be assigned with a name, after double-clicking on
it.
PD-FR17 Every group of stories can be folded, so that only the rectangle repre-

senting the group and the its name are visible. The folded group can be
unfolded.
PD-FR18 Every user can add and remove a connection between the rectangles

representing two User Stories. Connection can be described by a text of
unlimited length, which can edited after performing double-click on the
selected connection.

STORIES TRACKING AND COMMUNICATION

PD-FR19 All stories are listed in a table in a separate summary view. The table
contains the following information: title, priority and cost. The table
rows can be sorted using the three column types. The view can be
turned on/off from the main menu.

PD-FR20 The summary view contains a bar chart indicating the number of stories
per each priority.

PD-FR21 All session data is automatically stored on a server. Every fixed amount
of time, a backup of this data is created.

PD-FR22 A separate view contains the chat panel, with input box and chat win-
dow.

PD-FR23 Should be supported by a voice communicating software.

PD-FR24*  Should be supported by a video communicating software.

Among others, it should be noted that alike for DPPE, PD is meant to be supported by
voice communicating software, such as [100].
Table 4.6 presents four realizational requirements for PD.
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Table 4.6: Realizational Requirements for Planning Desktop

ID Specification

PD-RR1 Must be developed in Java to offer portability and compliance with the
server.

PD-RR2 Must allow for a real time collaboration including story moving and
resizing.

PD-RR3 Must be intuitive and easy to handle for a person with only basic
computer-operation background.

PD-RR4* It should be possible to launch the application as a Java applet.

To remind, sign * and italics font indicate requirements that were dropped during devel-
opment process. More details can be found in Chapter 5.3.

The major part of the presented specification are non-standard problem specific require-
ments. Among them, the most important are requirements describing working area (from
PD-FR2 to PD-FR5) and user stories, especially referring to their representation and mod-
ification (from PD-FR6 to PD-FR9). A unique and interesting requirements are also these
related to stories coloring (PD-FR12), grouping (PD-FR17) and dependencies (PD-FR18). A
valuable and surprising observation is that the video channel was considered not mandatory
for this kind of support.

4.5.2 Current release of PD

Figure 4.4 demonstrates two PD applications in a collaborative session. For better under-
standing, important points were marked and labeled with numbers, which are utilized as
references (e.g. @) for this very description.

It can be noticed that the two application workspaces have different layouts. While this
was not specified in the obtained requirements, it seemed advisable to add docking feature so
that the user can adjust the workspace to his/her preferences. It also allows to combine the
available views as shown in the figure &b.

There are three views available: Desktop@), SummaryDesktop@® and ChatDesktop{@.
Desktop is the most important view as this is the working area, which was specified in the
presented specification PD-FR2. As it is shown in the figure, Desktop view contains user
stories@) of the session. User Stories can be added by any participant of the session using a
button from the toolbar@. They can be also resized (one can notice different stories’ sizes)
and moved within the Desktop. Evidently, each of these events is immediately reflected in
the remote participants’ workspaces.

The colorful rectangle representing a single user story show only its title. To edit the
contents of the story, a special popup edit view#) is used. It allows for modifying story
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Figure 4.4: Two Planning Desktop applications during collaborative session

titled®, descriptioné, priorityd and estimationdd. As for the priority, the MoSCoW rule
(see Section 2.3) was applied. An interesting solution is the introduced color code, which is
used to paint the background of the story rectangle. Each priority is represented by a color,
for instance story with the highest priority Must is painted in red.

Another interesting feature are the directional connections between user stories. They
are meant to provide additional information on relations between the stories. An example
is visible in the shown figure@), when a connection indicates that story ”Editing data in
table” depends on ”Data preview”. A connection is added via mechanism of drag&drop from
one story to the other. If inconvenient, the mechanism can be turned off@. Apparently,
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the connections are the extension to the User Stories technique, and the advantage of the
7virtual” Planning Game over its classic version.

Among other important features, one can find copy-paste@ and undo/redo@), which
are available from the toolbar. Another ones are grouping@ and z-order arrangement@
functionalities. The last ones facilitate manipulation of the stories, which can be useful when
the number of stories is considerable. While these features get synchronized among session
participants, zooming@® and scrolling@® of the working area are not. This would handicap
the user personal navigation, making it dependent on other users’ actions.

The second view is the Summary @. It contains the table with information on created
stories. This gives a brief overview{® over the current session status. Below the table, a
priority bar chart{@ is placed. For each priority, the number of user stories is counted. The
idea behind this chart is to control the distribution of the priorities. It often happens that the
customer promotes most of the stories with the highest priority (Must). The bar chart allows
developers to quickly identify such situations and ask the customer to revisit the priorities.
Planning process is much more simpler when the priorities are equally distributed among the
user stories.

The last view is the Chat view @. It provides a list of usersfd in a session as well as
standard chat functionality @.

An interesting fact is that while the Applet realizational requirement (PD-FR4) was aban-
doned during development process as not needed, it was already realized. The presented
version of the application can be launched as a Java applet. As for possible enhancements,
the synchronization of the Story edit view was considered. Another possible improvement
would be to extend User Story description with graphical data, e.g. attached image.

Finally, an interesting observation was done that the developed solution enhanced the
Planning Game process itself by adding such features as connections and color code (for
denoting stories priorities).

In comparison to the concept of desktop sharing implemented by the existing supporting
tools such as NetMeeting[95], PD has several advantages. Alike for DPPE, PD transmits only
the changes, not compressed screenshots. The second important advantage are dedicated story
cards, with priorities and estimates. Among other advantages, one can point out: zooming
capabilities of working area, cards grouping, labeled connections between cards, statistics,
automatic colors for indicating the current priority of the story, integrated chat and list of
participants.

4.6 Osmotic Communicator (OC)

This section describes the developed support for Osmotic Communication, which is Osmotic
Communicator. First the requirements are presented. Afterwards, the current release version
of OC is overviewed.
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4.6.1 Requirements for Osmotic Communication support

As previously, the requirements are divided into functional and realizational. The ID symbols
are used as a references in the description of the OC development in Chapter 5.3.

Table 4.7 presents functional requirements. As expected, the largest section is related to
Information Radiators. Four requirements were abandoned during the development process.

Table 4.7: Functional requirements for Osmotic Communica-

tor
ID Specification
GENERAL
OC-FR1 User can perform operations on a server which are compliant with re-

quirements from AS-FR6 to AS-FR14.
OC-FR2 After the application is launched, it is accessible from the icon in the

system tray. When the icon is clicked, a popup menu with options is
shown.

OC-FR3 The current state of the default session is stored and loaded at the
application start. The default session is set to the last session, if it

exists.

WORKING AREA

OC-FR4 The working area is the system desktop. Therefore, it has a fixed size
and no scrolling capabilities.

OC-FR5 The size of the working area depends on the local settings and can be
different for the remote users

OC-FR6 By default, the contents of the working area appear on the top of the
other system windows.

OC-FR7 It is possible to hide working area or put it to the back, so that is
accessible when the desktop is shown. It is possible to put the working

area on the top of other windows again.

OC-FRS All operations are accessible from the popup menu from the system tray.

OC-FR9* The working area is a resizable and scrollable window.

Continued on next page |
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ID Specification
INFORMATION RADIATORS

OC-FR10  Information Radiators are represented by a colorful seizable rectangles
on the working area.

OC-FR11  The color of the Information Radiator can be set from a predefined set
of colors in the Radiator’s properties. The properties are opened from
a mouse right-click on the information radiator.

OC-FR12  Every Information Radiator has a title and text, both of unlimited size.
In case of not enough place for displaying the text, scrollbars appear.

OC-FR13  Information radiators can contain any file, which are accessible via link.
The file is by default opened by a suitable application based on system
settings.

OC-FR14 It is possible to save all files from the Information Radiator to a specified
directory.

OC-FR15 It is possible to add multiple files to a Information Radiator either by
selecting them manually or specifying a folder.

OC-FR16  Every user can add, modify or delete any Information Radiator in the
given session.

OC-FR17  Modification of Information Radiator includes changing its title, text,
files as well as resizing and moving to a new location in the working
area.

OC-FR18  The system clipboard must be supported for pasting its content into the
title or text of a Information Radiator.

OC-FR19  Every modification made to a Information Radiator is broadcasted to
all users in the session.

OC-FR20 It is possible to turn on/off the synchronization of the Information Ra-
diators locations.

OC-FR21 Tt is possible to hide/show selected Radiator in the working area.

OC-FR22 A list with all Information Radiators in a given session must be available.

OC-FR23 It is possible to search for a specific keyword in the content of all radi-

ators. Radiators with the specified keywords are emphasized by black
background and white font. The keyword is painted with red font color.
Searching in not synchronized among the session.

Continued on next page |
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Table 4.7 — continued from previous page

ID Specification

OC-FR24*  Information Radiator can contain an image. In case of large image ex-
ceeding the size of Radiator, scrollbars should be available. The image
should be loaded from the file. Jpeg and Bitmap format should be sup-
ported at least.

OC-FR25*  Synchronization of Information Radiators should be performed in a real
time, continuously during modification operations, e.g. resizing, drag-

ging.

COMMUNICATION

OC-FR26 It is possible for a user to communicate with other session participants

using a chat window.

OC-FR27  Every user can send text messages of three types: unicast, multicast,
broadcast. It is possible to filter out selected types of messages.

OC-FR28  The unicast messages appear as a dedicated message window. The mul-
ticast and broadcast messages are displayed for a fixed amount of time
in a bottom-right corner of the working area.

OC-FR29  All messages are stored in a local history, which is accessible from the
popup menu in the system tray.

OC-FR30*  Communication should be supported by a voice communicating software.

To remind, the italics font and * sign by the requirement ID indicate that the requirement
was dropped during development process.
Table 4.8 presents two identified realizational requirements for OC.

Table 4.8: Realizational requirements for Osmotic Commu-

nicator
ID Specification
OC-RR1 Must be developed in Java to offer portability and compli-
ance with the server.
OC-RR2 Must allow for a real time collaboration including commu-

nication and modification of the Information Radiators.
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As expected, the most important part of the specification is taken up by problem-specific
issues. Among important requirements, one should indicate these related to Information
Radiators, such as OC-FR10 describing their representation and OC-FR17, OC-FR21 which
specify how they can be handled by the user. Another important and non-standard part of
specification refers to the working area, which is, quite uniquely, based on system desktop
(OC-FR4). As for the more standard and less significant requirements, the example is the
embedded chat feature OC-FR26.

Among others, the specification indicates also two interesting aspects by including the
requirements that were abandoned during development process. The first one is OC-FR26
assuming the voice channel support. While it may be surprising at the first glance, it oc-
curred that the osmotic communication does not require the high sensitivity provided by this
communication channel. Moreover, the voice channel may conflict with other voice channels,
which are utilized in other practices, e.g. Pair Programming. The second interesting aban-
doned requirement is the OC-FR25. It was discovered that despite the initial assumptions,
full synchronization of the workspace including Radiators movement is unnecessary. Osmotic
Communication can be efficient enough using more static exchange of information. Another
issue were the performance problems.

4.6.2 Current release of OC

The idea of reminding notes on the system desktop is not new. There is a range of existing
applications such as KDE KNotes[92], Sticky Notes[101] and others. Therefore, the idea was
to reuse existing Open Source solution and extend it with the necessary functionality, instead
of creating new application from the scratch. After conducted research, it was decided to
take advantage of the Open Source project[96] called pin ’em up. The extension includes,
among others, connecting the application to the Agile Server, handling server messages and
synchronizing the notes with the shared objects repository on the server.

Figure 4.5 demonstrates two Osmotic Communicators launched on remote machines rep-
resented by the screenshots in the top and bottom of the figure. In the top one, the user
works with OC on the common windows desktop @) along with standard icons and shortcuts.
In the bottom one, the user utilizes OC during distributed Pair Programming session. As
shown, the session is conducted via Distributed Pair Programmers Editor.

As shown in the figure, every Radiator is attributed with a title@ and text content@.
One can notice that the positions and font sizes of the Radiators differ for the remote users@g.
These properties can be customized individually so they suit the needs of the user and current
layout of opened windows.

Beside these properties, every Radiator note can be given a different background color.
This feature can be used for example to indicate the category of the information or the
priority of the task. There is a difference between color and previous properties though. The
colors are synchronized among session participants and cannot be changed locally only. It is
because the color may contain an important information while the position and font size are
mainly visual properties. It should be noted that the color synchronization was included in
the obtained requirements. It was implemented as an extra feature, which emerged during
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Figure 4.5: Osmotic Communicator applications during collaborative session

the development process.

According to the presented specification, it must be possible to hide selected Radiator.
This is realized by the button in the top-right corner of the note@. This allows the user to
hide unwanted or disturbing Radiators. An example is shown in the figure 4.5, where the
bottom user hid some of the shared Radiators. Another issue is the default position of new
local Radiator, which can be configured individually. This can be also applied to the new
Radiators created by remote users. By default, the remote Radiators are positioned at the
same coordinates as in the remote working area. In case the screen resolution is too small,
they position is appropriately adjusted.

An important part of the Osmotic Communicator is also the chat feature. While another
communicator can be used, the idea was to integrate a common text channel into all Agile
Studio components. In this way, the team can utilize a common messaging channel, boosting
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up its efficiency. An example is depicted in the figure 4.5. During pair programming using
DPPE, the user not only receives messages from his/her partner, but also from other team
members through Osmotic Communication practice. In OC the messages are displayed in a
"balloon” box@) above the system tray, which is less distractive for the working user.

The OC is controlled via a tray icon{®. When a right-mouse button is clicked on the OC
icon, a popup menu is displayed@). This is a standard menu of the pin ’em up application,
however extended with OC specific settings (e.g. connection properties for Agile Server).

In comparison to the popular wiki tools[8, 68], which can be utilized for supporting the
communication, OC has the following advantages: dedicated control for Radiator including
coloring feature, immediate notification of made changes, no need to switch windows in order
to see Radiators on the wiki page, integrated chat, ability to graphically organize the radiators
into custom layout

4.7 Summary

In this chapter the developed solution, called Agile Studio, was presented. It is meant to sup-
port three selected agile practices in distributed setting, that is: Pair Programming, Planning
Game, Osmotic Communication.

The chapter overviewed the general concept and main requirements for the discussed sup-
port. It also described the architecture of the Agile Studio, which consists of four components:
Agile Server, Distributed Pair Programmers Editor, Planning Desktop and Osmotic Commu-
nicator. The presented architecture is based on the concept of object sharing, which was also
explained in this chapter.

The chapter described all Agile Studio components with emphasis put on the aspect of
developed requirements for the discussed support. To present how these requirements were
realized, the chapter overviewed the current release versions of the components. They key
functionalities were described and illustrated on the included screenshots.



Chapter 5

Development and evaluation of DAD
support

This chapter presents the concept of the Experiment-Driven Development (hereinafter re-
ferred to as EDD), the proposed approach to the development and evaluation of software
applications. While the basic idea behind the concept has been around for a while, the
available literature reports no definition nor specification for this kind of development.

The motivation behind the concept was the need for a development method, which would
be suitable for developing a specific software such as DAD support. This kind of software can
be described, among others, by the two following attributes:

e the software usability and efficiency highly depends on the human factor,
e the set of its requirements is difficult to be specified a priori.

Dynamic and partly unknown specification of the product requirements are the common
challenges of every software development process. Among others, this is due to the intangible
factors that influence the proper and expected product functioning. By intangible factor it
is understood a factor which cannot be clearly observed or objectively measured. The most
common is the human factor, for instance, a user of the developed product. Thus, the question
arises on how to include these factors into requirements specification if they are, by definition,
non-specifiable.

A typical practice is to take advantage of the empirical approach to the evaluation of a
product during its development. The first release of a developed product is used to obtain
user feedback, which is a base for further enhancement of the product. An example can be
the strategy of product pre-releases (named as Alfa and Beta), which are usually free for
the testing users. Another example is Microsoft company which releases not fully functional
Windows OS supported by upcoming Service Packs, which are based on users feedback!.

I Though, it seems this is a side-effect of the Microsoft’s marketing and financial strategy to make the profit
as early as possible, even with a product of low quality.

72
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Obviously, this approach has two main disadvantages:

e The process of evaluation is difficult to control which means that the obtained data (if
any) is unreliable

e The obtained data is strongly subjective which precludes any objective measure of the
performed progress

Therefore, the idea behind the proposed concept of EDD is to take advantage of a con-
trolled evaluation in a form of experiments. It appears that, while experimenting is a known
research practice, its utilization as an integral part of the continuous development process
is not reported so far. It should be noted that the concept agrees with the philosophy of
agile development. Among others, it corresponds to close customer collaboration (Customer
Collaboration practice) and early releases of the product (Short Releases practice). Another
observation is that experimenting is a specific implementation of the systems approach.

The final remark is that the concept can be applied during every development process,
however, it can be particularly useful in development of human-oriented software and in any
other case in which the final shape of the developed product remains uncertain or unknown.

The chapter is organized as follows. Firstly, it presents the EDD concept. Afterwards,
the application of the concept is presented with regard to the components of Agile Studio.
It should be noted that the order, in which the components are presented, corresponds to
the actual course of their development. This explains why Agile Server (AS) component is
presented together with Distributed Pair Programmers Editor (DPPE), in spite of the fact
that AS is a central element of Agile Studio, also used by the other two components. During
development of DPPE, the server-side represented by AS evolved as well.

5.1 The aspect of cost in the evaluation of DAD support

Agile Studio seems an ideal subject for EDD examination because it is strongly human-
oriented software (it supports humans in a collaboration process) with only partial preliminary
specification of the requirements. Moreover, it occurs that a comparative analysis of AD and
DAD can be realized in the framework of EDD. For the purpose of the analysis, it is proposed
to structuralize the overall cost of software development into three separate elements: direct,
indirect and other costs. It is assumed that the last element, other cost, do not depend on
the development setting and can be neglected in further discussion. The example of other
cost are the investments for computer hardware and software, which remain on the similar
level in both settings?

2There are some exceptions from this rule. It seems that when a team practices pair programming, the
number of required development machines strongly rely on the setting. In co-located setting, only one machine
is needed per a pair of developers, while the distributed setting doubles this rate (two machines per pair of
developers). However, it should be remembered that pair programming assumes breaks and individual work
of developers as well. In addition, hardware investments include also development servers and other spending.
Therefore, the actual differences are considerably reduced and this exception can be neglected in presented
analysis.
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With regard to direct and indirect costs, they depend on the development setting. Indi-
rect cost cover the need for communication and ”having the team together”. This includes
organizational matters from workspace organization, meetings arrangements to business trav-
els and long-term delegations. On contrary, direct cost relate to the development aimed at
obtaining a software product of assumed quality. Undoubtedly, the major element of this cost
are salaries. Therefore, it can be stated that, when the quality is assumed and constant, the
direct cost is the function of time. This observation strongly corresponds to the four variables
of software project, which are overviewed in Section 2.3.2.

This classification allows to observe two following relations:

e DAD approach allows to considerably reduce indirect cost by providing new telecom-
munication methods such as efficient software support. For instance, these cost-effective
methods can replace expensive business trips and long-term delegations. Beside these
obvious organizational and logistical savings, DAD is also expected to reduce office
maintenance cost by enabling people to work in their homes.

e In case of the direct cost, which are a measure of team productivity, it seems that AD
is preferable as it offers convenient and reliable face-to-face communication. However,
it is supposed that properly supported DAD can maintain the direct cost at sufficient,
or, what would be better, a comparable level in comparison to AD. What is more, an
interesting assumption is that DAD can have positive influence on the reduction of direct
cost. This may come from the fact that properly designed and implemented software
support will focus, or even force, team members’ attention on achieving their goal. As
the result, the waste of time (note that time is the main variable in the function of direct
cost), which is usually the effect of ”social” activities, will be considerably limited.

Obviously, in order to maintain the overall cost, the possible increase of direct cost must
be balanced by savings in indirect cost. Interestingly, DAD setting can prove more cost-
efficient than AD in case when the direct cost in DAD setting remain at the approximate or
inconsiderable higher level in comparison to AD.

To examine these assumptions, both direct and indirect costs should be estimated for
both settings. A question arise on a technique of this estimation though. Unfortunately, the
estimation of indirect cost is a difficult task. It requires financial calculations and estimations
based on a number of real life cases. Apparently, due to the strict companies’ policies and
the fact that DAD is still a rare practice, this can be considered as an unreachable goal.
A solution might be a financial model of DAD, which provides estimations of distributed
development costs. However, these are the issues of economics, which exceeds the scope of
this work.

Therefore, the attention is put on the direct cost. The direct cost is assumed to be
the function of time and quality and can be referred to in terms of productivity (e.g. pair
programmers productivity).
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5.2 The plan of experiment-driven development

The presented concept of experiment-driven development proposes a framework, which should
be easily adapted to the specific needs of the development software and the available resources.

As mentioned, the framework assumes a series of experiments, in which the evaluation is
done based the consecutive versions of the developed software. Therefore, two aspects can be
identified:

e The development sequence consisting of the consecutive experiments

e Individual experiments preparation and method of evaluation

5.2.1 Development sequence

EDD assumes three following phases in the development sequence:

1. Guidelines mining. The goals of this phase are exploration and examination of avail-
able support in particular domain as well as elaboration of experimental development
plan with accordance to available resources and discussed problem. The output of this
phase should be: an evaluating overview of available solutions, comprehensive report on
existing limitations and problems, general guidelines for the future experiments organi-
zation. This phase should consist of one or two experiments considering the available
solutions, organizational resources and time.

2. Search for suitable functionality and design. The goal of this phase is to work
out the appropriate design and features set for the developed software. The proposed
approach suggests early experimental verification of the new design concepts and very
first prototypes in order to save time and provide valuable feedback in early stages of
development. This phase should consist up to three experiments with regard to the
developed product complexity and available time.

3. Product releases and support. This phase is believed to examine consecutive re-
leases of developed software product and provide additional feedback on possible en-
hancement. This allows for tuning and tailoring the working product to new or evolving
user needs and expectations. This phase should consist of at least one experiment with
no limitation to the maximum number, except the available time and resources.

To sum up, the plan assumes several experiments divided into three stages. It is assumed
that the most important from the design point of view is the second stage. It is expected
to produce working solution, which can be later improved during third stage. The plan does
not precise the method of verification of the developed software. However, it is suggested to
provide two types of verification. The first ones are users feedback and general observations
of the experiments’ organizers. The feedback and observations are also the source of new
requirements for the developed solution. The second type of verification is a metric, or
better, a set of metrics, which would allow for measuring specific aspects of the developed
software.
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5.2.2 Evaluation method

The evaluation of the developed support must take into account the aspect of direct devel-
opment cost of DAD, as was mentioned above. This allows for examining the posed thesis.
Having proved that the developed solution Agile Studio efficiently supports the significant
agile practices, it can be stated that DAD can be successfully used.

The idea behind the proposed method of evaluation is to compare the results obtained
from examining co-located and distributed approach to the three selected practices: Pair
Programming, Planning Game and Osmotic Communication. The comparison is driven by
an experimental simulation of a real work (both co-located and distributed) environment, in
which these practices are used. For each practice, Chapter 3 proposed a set of metrics. Each
metrics is applied both to co-located and distributed settings.

To simulate both settings participants of experiments must be divided into two groups:
for co-located and distributed settings. In each group participants are organized into teams.
The metrics are applied to all teams. The final test result for a group is the average? result
of all its teams. In order to minimize the influence of a human factor, the groups and teams
are different for each metric.

The proposed size of a single team during experiments depends on the evaluated practice:

e 2 for Pair Programming (pair of developers)
e 2 for Planning Game (developer and customer)
e 3 for Osmotic Communication (3 developers)

As for Pair Programming, the size of 2 is the only possible option. As for other practices,
the team size can be larger. The maximum size for both practices is undefined, but suggested
to stay under 8 (within large team maintaining efficient direct communication is troublesome).
However, having considered the limited number of available participants, the proposed sizes
being close to minimum (which is 2 for both practices) seem the best compromise between
simulation and statistical (number of teams for calculating the average result) needs.

The above proposed sizes are constant for the whole sequence of experiments. This makes
the obtained results comparable.

5.2.3 Experiments organization

The common problem with this kind of research is providing unified conditions for the con-
secutive experiments, especially if they take place in distant moments of time. Apparently,
this involves differences in two main aspects:

e participants

e available infrastructure

3Tt may happen that for a given team, the Learning quality metric produces undefined result. In this case,
the result is not counted during average calculation.
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As for the first aspect, the ideal case would be to take advantage of the same set of
participants for all experiments. Unfortunately, this is hardly possible due to the length of
the development process. What is more, the same set of participants does not guarantee the
stability of this factor. It is because of the fact that people skills and performance are volatile.
Thus, to minimize these issues, the following decisions were made:

e participants would be students of the 4th and 5th year of Computer Science faculty
with a grounded knowledge and skills in programming and Java language

e participants would possess good theoretical and practical knowledge of the agile devel-
opment with emphasis on the three investigated practices

As for the number of participants, it was assumed that it won’t exceed 20, due to the lim-
itations of available resources (including participants, time, laboratories, PCs, experiments’
supervisors). This constitutes the main weakness of the conducted evaluation. The small
amount of obtained data allows for formulation of only preliminary conclusions and prereq-
uisites, rather than objective and general statements.

The second aspect, which is available infrastructure, involves the capabilities of the utilized
network, hardware and software. The importance of these factors can be considerably limited
by organizing experiments in the same spots with a reuse of the same machines and networks.
Fortunately, during the conducted experiments, it was possible to reuse the same machine
configuration in the three students’ laboratories. As for the network connection, a local
network in laboratories was utilized. This guaranteed that the testing conditions, even in the
one-year or two-years perspective, were approximately the same.

Another interesting issue is the reliability of results due to so-called Hawthorne effect
[73]. The effect refers to a temporary change of people behavior or performance due to the
awareness of being a subject of an observation or study. According to [73], the effect usually
results in an increased performance of the experiment participants. Thus, the results are not
representative for the real working conditions. It seems that the proposed evaluation method
minimizes the potential influence of this effect. The evaluation is based on the comparison
of results obtained from the distributed and co-located settings. The effect influences both
settings in the same way. Therefore, the comparison is expected to neutralize it.

Finally, the experiment space should be monitored during the whole experiment due to
limited human perception and events generated by the supervisor, which also need to be
registered. The minimal assumed registration is the cctv camera (common security camera)
output.

5.3 Development story of Agile Studio

This section overviews the development of Agile Studio with respect to the proposed develop-
ment framework of EDD. As described in Chapter 4, Agile Studio consists of four components,
from which three are functional and meant to support the three discussed agile practices. To
remind, these are:
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e Distributed Pair Programmers Editor (DPPE) for Pair Programming practice
e Planning Desktop (PD) for Planning Game practice
e Osmotic Communicator (OC) for Osmotic Communication practice

The development story is presented from the perspective of requirements evolution through-
out the sequence of experiments. Thus, it closely corresponds to the contents of Chapter 4
and the appropriate symbols preserve their meanings. The development story for each of the
components is overviewed separately, except Agile Server and Distributed Pair Programmers
Editor components which are overviewed together. This reflects the actual course of develop-
ment. It should be also kept in mind that the components were not developed in parallel but
in the following sequence: AS and DPPE, PD, OC. Hence, development of AS and DPPE
influenced requirements for PD and OC.

To be able to refer to individual experiments, the following convention is introduced:
FEx.y, where z and y represent the number of phase and the number of experiment within the
phase respectively.

5.3.1 Distributed Pair Programmers Editor and Agile Server

Before the first phase of development was started, the preliminary requirements were spec-
ified. It was assumed that the developed solution must provide an advanced editor with a
syntax highlighting and completion (DPPE-FR1) as well as support for the most popular pro-
gramming languages (DPPE-FR2). As for editor synchronization (AS-FR17, DPPE-FR15)
and collaboration, it should be possibly ”"real-time”, which means transmission delays up to
2 seconds in one direction (AS-RR3). While this is a realizational requirement, it can be
also treated as functional because it actually represents the idea behind DPPE. It was also
assumed that the developed solution should provide voice and video communication channels
(DPPE-FR25, DPPE-FR26).

Guidelines mining

This stage consisted of two experiments described by symbols DPPE-E1.1, DPPE-E1.2.

DPPE-E1.1 aimed at examining distributed pair programming supported by the common
Internet communicators such as Skype [100], GoogleTalk [90], Gadu-Gadu [88] for voice
communication (and also text communication) and VNC family of tools (Tight VNC
[104], UltraVNC [105], RealVNC [98]) for collaboration over the same code (achieved
thanks to the shared Eclipse IDE on the remote desktop).

The experiment signaled significant vulnerability of supporting tools to the network
configuration and capabilities. This included connection problems (as result of the strict
firewall policy of the utilized network), low quality of voice and VNC transmissions (the
voice was deformed which aggravated collaboration) and long transmission delays (even
2 seconds and more in one direction which practically disabled real time collaboration).
Having considered these problems, the following three core aspects for the developed
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support were emphasized: availability, quality (AS-RR4) and speed (as 2 seconds delays
were to large, the requirement AS-RR3 was modified to assume 1 second delays) In order
to provide greater availability and avoid blocked ports, it was decided that DPPE should
provide a selection of the connection port (AS-FR2).

DPPE-E1.2 aimed at testing other available solutions that can be employed for distributed
pair programming: TeamSpeak [103] for voice communication and NetMeeting [95] for
both: voice&video communication and code collaboration. The selection was done
based on the performed study on the most popular conferencing tools.

Apart the already known aspects (discovered in previous experiment), the experiment
manifested other problems, which referred to the code collaboration. Firstly, the code
could be modified by both driver and navigator, which sometimes led to conflicts, espe-
cially when the voice communication did not function properly (e.g. long delays). The
second problem was, again, the latency, which considerably aggravated coding for the
remote partner. As result, the remote partner was limited to the role of navigator. In
order to become a driver, a new session on his/her computer needed to be instantiated.
These problems were a motivation for applying the roles of driver and navigator to
the DPPE requirements (DPPE-FR8, DPPE-FR9, DPPE-FR12, DPPE-FR13, DPPE-
FR15, DPPE-FR19). Interestingly, according to participants, the video connection
(established in NetMeeting) had no influence on their collaboration (DPPE-FR26).

Based on the experiences and gathered feedback, it was decided to take advantage of
the client-server architecture with a server handling multiple users and collaborating
sessions (AS-FR4, AS-FR6, AS-FR9, AS-FR11, DPPE-FR3, DPPE-FR6).

With regard to the collaboration on the shared documents (source files), it was specified
that only the driver can add, modify and remove a shared document from the session
(DPPE-FR12). Furthermore, the driver was indicated as the only responsible for the
change of the current active document (DPPE-FR17). The partipants nicknames were
also suggested (DPPE-FR4).

In order to make DPPE portable, it was decided to use Java as the implementation
language (AS-RR1, DPPE-RR1) and base the messaging handling on polymorphism
(AS-RR2).

Search for suitable functionality and design

This stage consisted of 3 experiments described by symbols DPPE-E2.1, DPPE-E2.2,
DPPE-E2.3.

DPPE-E2.1 was meant to examine the first prototype of supporting tool. Its architecture
was based on the remote method invocation (RMI). The client application was developed
as a plugin to a lightweight Jext editor [109].

The experiment indicated several issues. Firstly, according to gathered feedback, the
programming support offered by Jext editor occurred to be not satisfactory (lack of
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debugger and integrated tools such as CMS client). It was suggested to implement
DPPE as a plugin to rapidly developing feature-rich Eclipse IDE based on a mature
plugin-based RCP framework (modification of DPPE-FR1, 2). Another point was to
provide more synchronization considering the view of the code, such as the caret position
(DPPE-FR16), remote partner’s selection (DPPE-FR16, DPPE-FR24) and the active
document (DPPE-FR17)

As for communication, the developed voice transmission module occurred unsatisfactory
(quality) and unreliable (connection problems). Therefore, it was decided to add a text
chat functionality (DPPE-FR21) and drop the integrated voice connection (DPPE-
FR25) in favor of the existing mature solutions (DPPE-FR23), such as tested Skype
and TeamSpeak.

DPPE-E2.2 evaluated a new version of DPPE implemented as a plugin to Eclipse IDE. This
automatically provided developers with a large set of programming features. As for the
server side, it remained the same (RMI).

Several enhancements were proposed. The first one was the list of sessions and users
updated every time a new session or user is added (AS-FR12, AS-FR13, DPPE-FRS5).
Provided a list of sessions, it should be possible to delete a selected empty session (AS-
FR10). Another enhancement proposal concerned the management over the shared
documents, including listing and removing them from the session (DPPE-FR10, DPPE-
FR20, DPPE-FR13). As RMI-based server-side occurred unsatisfactory (lack of noti-
fication mechanism, portability problems, mediocre connection speed), it was decided
to use Java sockets as a well-known, reliable and fast technology. This resulted in a
new design of Agile Server, which was based on the concept of sharing objects, such
as pair programming documents. Sharing the objects (documents) among session par-
ticipant’s assumed that every document belongs to exactly one session (AS-FR16) and
the session state should be transmitted to every new session participant (DPPE-FR13).
In addition, it was assumed that while in DPPE only the driver modifies the data and
view of the shared document (DPPE-FR14, DPPE-FR11), Agile Server should be left
opened to other concepts and, therefore, allow any session participant for managing the
(shared) session objects (AS-FR15).

DPPE-E2.3 evaluated next version of DPPE with a new approach to server-side (Java RMI
was abandoned in favor of dedicated server). The experiment reported several enhance-
ments and requirements changes. Firstly, it was suggested to remove the restriction of
only two participants in a session. While the driver can be only one, the number of
navigators should be unlimited (DPPE-FRS8), which can be useful in a case when the
pair collaborates with an expert programmer.

Having considered more than two programmers in a session, it was decided to abandon
the remote selections (DPPE-FR24) in favor of mouse pointers of the remote program-
mers (DPPE-FR22). Additionally, to clearly indicate the current role of the program-
mer, it was suggested to take advantage of the editor background color: green for driver
and blue for navigator (DPPE-FR14). What is more, it was pointed out that both
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users nicknames (AS-FR5) and session names (AS-FR7) should be unique within a
single instances of DPPE and Agile Server.

The experiment resulted also in the extension of the DPPE-FR2 requirement which
assumed the support for only the most significant programming languages. Having
considered the large number of programming languages handled by the employed Eclipse
IDE, it was decided to extend the DPPE support onto all of them.

Product releases and support

This stage consisted of one experiment E3.1. The following enhancements were proposed.
The first one concerned the security issues by suggesting a password-based protection to the
session access (AS-FR7, AS-FRS8). The second assumed more synchronization concerning
the view of the shared documents. Some of the Eclipse editors support code folding which
allows for hiding large fragments of code which facilitates its analysis. It was decided that
code folding should be added to the synchronized driver actions (DPPE-FR16). Thirdly,
as a result of the new synchronized action, it was decided that Agile Server must provide a
plugin-based interface for future extensions concerning new messages types and shared objects
(AS-RR5).

Other enhancement proposal (DPPE-FR6, AS-FR14) included various messages types
for the integrated text chat: unicast, multicast (to session participants) and broadcast (all
connected users). Similarly, it was suggested to extend the chat with a ability to display
important system messages such as notification on new user connected (DPPE-FRT).

5.3.2 Planning Desktop

Before the first phase of development was started, the preliminary requirements were spec-
ified. It should be noted that, at this time, the Agile Server was already developed. This
considerably influenced the preliminary analysis.

As result, the first requirement (PD-FR1) referred to the features provided by Agile Server,
that is users, sessions and connection issues. Similarly, based on previous experiences it was
stated that the the solution must be supported by a voice communicating software (PD-
FR23). What is more, it was assumed that the supporting application should provide a fixed
size working area (PD-FR2) within the user stories (PD-FR6) can be created, modified and
deleted (PD-FRS). Based on the development of Agile Studio and Distributed Pair Program-
mers Editor, it was assumed that full synchronization of workspaces should be implemented
(PD-FR13, PD-FR5). Moreover, as for non-functional requirements, it was assumed that the
support should enable a real-time collaboration (PD-FR2). Another requirements considered
its intuitiveness and user friendliness (PD-FR3) so that the supporting software can be oper-
ated by a person with only basic computer skills (e.g. customer). Due to the previous design
decisions, Planning Desktop was to be implemented in Java, which was also meant to make
it portable (PD-FR1).
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Guidelines mining

This stage consisted of one experiment (described by symbol PD-E1.1). It examined the
distributed Planning Game with a use of common Internet communicator such as Skype
[100] and Google Docs and Spreadsheets [89] as well as NetMeeting [95] for sharing the same
workspace.

The experiment indicated several issues. Firstly, according to its participants, NetMeet-
ing and sharing the same screen in a real-time better suited the needs of Planning Game
then Google Docs. While using NetMeeting, it was suggested that the screen size should be
unlimited with scrolling functionality (PD-FR2, PD-FR3), which was modification of previ-
ous assumptions. As NetMeeting offers a video communication tool, a similar support was
suggested for the developed solution (PD-FR24). Having experimented with different ways of
representing User Stories information (common text, spreadsheet form, text files on a desk-
top), it was decided that the story should be represented by a rectangle (story card) with
story title and a double-click for accessing the edit window (PD-FR7). Finally, a simple text
chat was suggested as well (PD-FR22).

Search for suitable functionality and design

This stage consisted of 2 experiments described by symbols PD-E2.1 and PD-E2.2.

PD-E2.1 evaluated the fist prototype of the supporting tool. As result, several new require-
ments were added, mainly regarding the User Story card. Firstly, it was suggested
to make the User Story card resizable for every user (PD-FR7, PD-FR8) to handle
long story titles which could not fit in a fixed size of the card. At the same time,
it was assumed that the User Story data (e.g. the length of the story description)
should not be limited (PD-FR10). Thirdly, participants suggested to take advantage of
the MoSCoW rule (see section 2.3.1) for prioritizing the stories. (PD-FR11). Another
changes considered the synchronization of the session data. The full synchronization oc-
curred troublesome, mainly because of the bandwidth requirements and, in result, poor
performance. Additionally, according to participants, it was not needed. Therefore, it
was decided to synchronize only the significant session events, such as User Story mod-
ification, relocation or size change (PD-FR5, PD-FR13). An interesting suggestion was
also to provide zooming functionality, which would allow for adjusting the current view
to the individual needs of the Planning Game participants (PD-FR4). Finally, storing
session data (including both data and UI properties of User Story) on the server-side
was proposed (PD-FR21).

As for realizational requirements, it was suggested to provide a java applet interface
for the developed tool (PD-FR4). It was meant to allow unexperienced users for a
quick and easy access to the tool. Needless to say, this was compliant with the previous
requirement of tool intuitiveness and user friendliness (PD-FR3).

PD-E2.2 examined the enhanced prototype, which seemed to suit the needs of participants.
As result, only three new requirements were added. Firstly, it was reported that it
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may be useful to relocate a whole group of story cards, instead of relocating each story
individually. By a group it was defined a selection of Story cards. This required defining
the selection mechanism (PD-FR14). An interesting proposal was made to provide a
feature of linking User Story cards. Such a link (connection) can be used to indicate
dependencies between User Stories (PD-FR18). Another valuable idea was to provide
an overview of the current work status in a form of a table with all stories listed (PD-
FR19).

Additionally, the experiment examined the requirement of applet interface (PD-RR4).
It occurred that applet technology imposes some constraints. What is more, it can be
replaced by a Java Web Start technology [91]. As result, the requirement was dropped.

An interesting observation was made that the provided video connection support was
not actually utilized. When asked, participants confirmed this observation by stating
that this channel provides irrelevant data and takes up the communication bandwidth
required by other, more important channels (PD-FR24).

Product releases and support

This stage consisted of 2 experiments described by symbols PD-E3.1 and PD-E3.2.

PD-E3.1 examined the first release of Planning Desktop. It resulted in adding three new
requirements of rather minor importance. First requirement considered better visual-
ization of the User Story priority. It was suggested to take advantage of the card color,
e.g. red for highest priority (PD-FR12). Another suggestion was to improve the multi-
ple selections feature (PD-FR14) and provide a way to group and ungroup the selected
User Story cards (PD-FR15). As these operations require synchronization, the require-
ment (PD-FR13) was updated as well. The third suggested enhancement referred to the
list of User Stories (PD-FR19). According to participants, a simple bar chart, which
shows the number of created Stories with respect to their priorities, would be useful
(PD-FR20).

PD-E3.2 resulted in adding two new requirements. They referred to the grouping feature
(PD-FR15), which was added based on the feedback gathered during previous experi-
ment. It was advised to enhance it by allowing user to fold the group so that multiple
stories can be represented by one group card (PD-FR17). This can be useful when
Stories need to be organized into iterations or a set of specific Stories. To make the
group cards more descriptive, a group name should be provided (PD-FR16). Obviously,
all these operations require synchronization. As result, the synchronization requirement

(PD-FR13) was modified.

5.3.3 Osmotic Communicator

Specification of the preliminary requirements was considerably influenced by the previous
experiments dedicated to other two components of Agile Studio. As result, the first defined
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requirement was to handle the basic Agile Server operations, such as user and session issues
(OC-FR1).

Having considered the needs of the Osmotic Communication practice, it was assumed
that the developed solution must provide a shared working area in a form of window (OC-
FR9). The Information Radiators (see sections 2.3.1 and 3.1.3) should be represented as
sizeable and movable rectangles with text information (OC-FR12, (OC-FR10). Every user
in session should be allowed to perform basic operations on the Radiators, such as creation,
modification, change of location and size etc. (OC-FR16, OC-FR17). Obviously, add changes
to a Radiator should be immediately broadcasted to all users in session (OC-FR19).

Having in mind results of previous experiments, it was decided to support developed
Osmotic Communicator with a voice communication software (OC-FR30).

Guidelines mining

This stage consisted of one experiment (described by symbol OC-E1.1). It was aimed at
examining the usefulness of the available solutions. The selected combination was a popular
implementation of wiki concept[8, 68] called Doku Wiki[84], which was accompanied by a
common text communicator Gadu-Gadu [88]. The idea was to handle Information Radiators
with Doku Wiki, while Gadu-Gadu was meant to provide the communication channel.

According to participants, the proposed environment lacked of several important features.
Firstly, handling two communication channels in two separate applications occurred trouble-
some. Therefore, it was strongly suggested to integrate text communication (chat) in the
developed solution (OC-FR26). The lack of an instant notification after radiators were modi-
fied was the reason to drop the requirement of a dedicated application window (OC-FR9) and
integrate the solution with a system desktop (OC-FR4). The idea was that any modification
to the radiators would be immediately spotted. This new concept required an assumption
that the local working areas (desktops) can differ in size, depending on the local settings
(OC-FRS5).

Having assumed a desktop integration, a very interesting issue was how to operate the
application without any dedicated window. A suggestion was made to take advantage of
the system tray (OC-FR2). After clicking the application icon in the tray, a menu with all
required options appears (OC-FRS).

As for the Information Radiators, it was assumed that for better reception of the actions
of the remote users, a full synchronization, including dragging and resizing the Radiators,
should be provided (OC-FR25). Additionally, a suggestion to specify titles for the Radiators
was made as well (OC-FR12).

Finally, participants defined that the session state should be persistent on the Agile Server
(OC-FR3).

Search for suitable functionality and design

This stage consisted of 2 experiments described by symbols OC-E2.1 and OC-E2.2.

OC-E2.1 evaluated the first prototype of the Osmotic Communicator application, having
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a considerable impact on the defined requirements. Firstly, while the idea behind the
full real-time synchronization seemed reasonable, its real application occurred trouble-
some. The large amount of the broadcasted data drastically decreased the application
performance and resulted in a long delays. What is more, it occurred that a real-time
synchronization of the Radiators changes was not really needed. According to partic-
ipants, it can also detract remote users from their tasks. As result, this requirement
(OC-FR25) was rejected.

A surprising remark was that the provided voice channel was not as important as it was
expected. In most cases, the information could be efficiently exchanged using provided
text channel and information radiators. Another advantage of the text channel was that
it did not interfere with the ongoing work as the voice channel did. Another argument
to quit the voice support requirement (OC-FR30) was that it may lead to conflicts with
the voice channel of other practices (e.g. Pair Programming), in which the channel is a
must.

Another issue was the synchronization of the Radiators locations. Having considered the
differences between the remote environments (desktop size, opened windows, desktop
content) it was suggested to provide an option to turn off this kind of synchronization
(OC-FR19, OC-FR20)

An interesting suggestion was made to enable Radiators to store images loaded from
the file (OC-FR24). Obviously, this modified the requirements regarding Radiator pre-
sentation (OC-FR10) and modification (OC-FR17).

To make the work more convenient, it was requested to implement feature of hiding,
showing and searching Radiators (OC-FR21, OC-FR23). In order to hide the Radiator,
a proper option from its popup menu needs to be selected. To show the already hidden
radiator, a list of all radiators was suggested (OC-FR22). Another proposed feature
referred to the communication chat and its lacking ability send unicast (to one user),
multicast (to users in the same session) and broadcast (all users on the server) messages
(OC-FR27). Finally, it was suggested that the default session loaded on the application
start, should be the last utilized session, if it exists (OC-FR3).

OC-E2.2 resulted mainly in changes to the Radiators contents. While adding images to
Radiators (OC-FR24) seemed a useful solution in the beginning, during longer work it
turned out to be inconvenient (scrolling and refreshing large images). Therefore, the
idea was replaced with a concept of files addition (OC-FR13, OC-FR10, OC-FR17). The
file should be represented as a link and opened by application suggested by a system.
In this way, images of any types should be handled as well.

Another requested improvement was to allow for changing the Z-order of the working
area (OC-FRT). In this way, the whole working area and its Radiators can be moved
back to desktop, leaving other application windows at the top. Next proposed feature
referred to the communication chat and its lacking ability to filter out some of the
message types (OC-FR27). An example can be filtering global messages. Finally, a
message history was requested as well (OC-FR29).
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Product releases and support

This stage consisted of 2 experiments described by symbols OC-E3.1 and OC-E3.2.

OC-E3.1 positively evaluated the first release of Osmotic Communicator. As result, sev-
eral, rather minor, enhancements were proposed. One of them was ability to set the
background color of Radiator from the popup menu (OC-FR11). This was meant for
differentiating between different types of Radiators. Another suggestions considered
adding multiple files to a Radiator at once (OC-FR15), using clipboard content for
pasting text into a Radiator (OC-FR18) and, by default, showing the workspace area
on the top of other windows (OC-FR6).

OC-E3.2 was assumed to verify previous enhancements. Not many new enhancements were
expected. The following two were proposed. First one assumed saving files stored in
the Radiators to the disk (OC-FR14). The second one specified a different way of
showing the incoming messages (OC-FR28). For private messages, a separate window
was suggested, while for other messages, a fixed-time preview in the bottom-right corner
of the workspace area was suggested.

5.3.4 Observations and findings

Several observations and findings were made during the presented development story. Firstly,
in order to verify the expected outcome of the realized concept, the history of all changes
to the requirements specification was collected. Than, for each component, the number of
changes was calculated with regard to the organized experiments. Table 5.1 and Figure 5.1
show the obtained result. The Before represents the preliminary analysis of the requirements,
before the development and evaluation of a given component was started.

Table 5.1: Requirements changes during Agile Studio devel-
opment

Before El1.1 E1.2 E2.1 E2.2 E2.3 E3.1 E3.2

AS 2 3 6 0 6 3 3 -
DPPE ) 0 12 10 7 ) 3 -
PG 10 ) - 8 5) - 4 2
oC 10 9 - 12 7 - 4 2
Avg 6.75 4.25 9 7.5 6.25 4 3.5 2

It can be noticed that the number of changes considerably decreases in the advance stage of
development. In the last experiments it reaches the average value of value of 3.5 and 2. Having
also in mind that these last changes were rather minor, it can be stated that the preliminary
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expectations towards EDD were correct. The most productive in a sense of requirements
extraction are the first experiments from the first and second phase of development.

The obtained results indicate two cases in which experiments produces no requirement
changes, that is in E1.1 for DPPE and E2.1 for AS. The first case was the result of the unex-
pected connection problems which limited the scope of the experiment. In the second case,
the experiment focused on evaluating functional component DPPE. The proposed changes
did not affect requirements for the server-side AS.

Requirements changes during EDD development

Number of requirements changes

Before E1.1 E1.2 E2.1 E2.2 E2.3 E3.1 E3.2

Experiments

|[=——AS =—=@&—DPPE==d -PD oc Avg|

Figure 5.1: Requirements changes during Agile Studio development

While the first phase is dedicated to examining the subject of study, the results differ
considerably. From the beginning of the second phase, the number of changes gets stabilized.
The most productive is the first experiment, which examines the first prototype. The third
phase, as expected, produces a few, mainly minor, changes.

A surprising outcome was dropping of the video channel requirement in Distributed Pair
Programmers Editor and Planning Game. According to participants, they data it provided
was not valuable for the task completion. In addition, it disturbed participants during their
work as well as took up a considerably part of the available bandwidth. Alike, voice channel
was considered as not mandatory in Osmotic Communicator, mainly due to two facts: low
intensity of the exchanged data and no search/history capabilities of the voice channel. An-
other issue was a likeable conflict with other voice channels, for example with these utilized
in Pair Programming.
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5.4 Evaluation results

This section presents the results obtained from the experiments with a use of proposed metrics.
The evaluation of Agile Studio components was started at the beginning of second phase (first
prototype) of development and lasted until the current release. As mentioned, during the
first phase, the experiments evaluated the existing and popular tools that can be utilized to
provide support for selected practices. Measurements from these experiments allow to make
a preliminary comparison against Agile Studio performance.

An issue that must be strongly emphasized here is the number of participants. Due to the
existing limitations, the metrics were applied to a small number of participants, especially
when consider the need for their division among co-located and distributed modes. Due to this
limitation, the obtained results are studied only with the use of descriptive statistics (average,
standard deviation). The small number of tested population is a considerable weakness of
this research and should be taken under account when the conclusions are drawn.

Before the results are presented, the utilized symbols must be explained:

C stands for co-located and standard work with the practice
D stands for distributed work with a use of the developed Agile Studio

Detailed results can be found in Appendix D.

5.4.1 Distributed Pair Programmers Editor

Table 5.2 presents the collected results for DPPE. These results are visualized by the charts in
Figure 5.2. Higher results are better, except Time metrics were lower results indicate better
performance.

Table 5.2: Evaluation results for Pair Programming support

Test scenario Setting E2.1 E2.2 E2.3 E3.1

. C 5325 | 51 | 525 | 53
me
D 73 | 70 | 59 | 5825
C 095 | 1.0 | 0.93 | 093
Tests/E
ests/Exrrors D 068 | 07 | 084 | 009
N C 103 | 434 | 421 | 427
s D 312 | 321 | 3.74 | 3.63
Feelond C 081 | 0.84 | 0.8 | 0.82
celgoo D 063 | 0.66 | 0.75 | 0.73
C 0.94 | 0.93 | 0.96 | 0.94
E-Factor
D 0.96 | 0.96 | 0.95 | 0.96
. C 093 | 0.93 | 0.98 | 0.97
Negotiation
D 088 | 09 | 09 | 093
Lenrni C 09 | 09 | 0.98 | 0.96
I'T111
& D 0.78 | 0.91 | 0.92 | 0.93
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Figure 5.2: Evaluation results for Pair Programming support
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The results obtained during consecutive experiments for co-located Pair Programming
are relatively similar. The reported variations are acceptable. As for DPP, most of the
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results indicate a gradual improvement of the evaluated solution. This is especially visible
for experiments E2.2 and E2.3 in the following metrics: Time, Tests/Errors, Items. This can
be interpreted as a sign of considerable changes made to the developed solution, which is
actually true. The substantial change was the replacement of the server-side. The removal of
few bugs also made the effect.

One can notice that Time and Test/Errors project similar trend. It is because the mea-
surements for Time was partly taken during Test/Errors scenario. Similar case was done for
Items and Feelgood, whose results are corresponding as well. As for Items, this is productivity
measurement indicate considerable improvement of the DPPE efficiency. Taken the maximum
result, the DPP was worse than PP for approximately 0.5 tasks per hour per person. Having
considered the duration of a single task (unit test implementation) which was approximately
7 minutes in average, it can be calculated that DPP with a use of DPPE is approximately
12% less productive than co-located PP. This gives about 1 hour in a 8-hours working day.
This is an acceptable result.

As for the Feelgood metric, the improvement is mainly the result of the higher assessment
of support efficiency. The work satisfaction reported mediocre improvement. According to
participants, lack of the direct contact in Pair Programming is a serious drawback. As for
the task easiness, no relation to the setting or support efficiency was reported.

As for Negotiation and Learning metrics, the reported performance of DPPE is very close
or even same as for co-located setting. There might be two reasons for this. Firstly, it
was observed that a majority of information was passed through the voice channel (in both
settings). This explains only slight improvement of the results, in spite of the problems with
the first prototypes of DPPE (in case of Learning in E2.1, there was a connection problem).
The second reason is the participants’ learning factor of the utilized DPPE. These scenarios
were run as the last ones. Having considered this, a question arises on the efficiency of
the prepared task. The problem here is to properly simulate and stimulate they knowledge
transfer, so that it reflects the real work conditions.

E-Factor shows interesting results. It seems that distributed setting positively influences
the work concentration. Perhaps the reason for this are, paradoxically, limitations of dis-
tributed communication. Because of them, developers tend to take a maximum advantage of
the available channel. As result, they minimize off-topic conversations and other activities.

5.4.2 Planning Desktop

Table 5.3 presents the collected results for PD. These results are visualized by the charts
in Figure 5.3. Higher results are better, except Time metrics were lower results indicate
better performance.
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Table 5.3: Evaluation results for Planning Game support

Test scenario Setting E2.1 E2.2 E3.1 E3.2

, C 5133 | 51 | 525 | 51.67
Time
D 795 | 6533 59 | 60
N C 724 | 759 | 737 | 7.26
11
s D 432 | 582 | 6.07 | 6.17
Feelsond C 079 | 0.81 | 082 | 0.82
celgoo D 056 | 0.72 | 078 | 0.78
C 094 | 0.96 | 0.96 | 0.93
E-Factor
D 0.98 | 0.98 | 095 | 0.98
. C 097 | 092 | 0.94 | 0.96
I'T11N
& D 0838 | 0.88 | 0.9 | 0.9

Firstly, based on the results, it can be stated that the performance of co-located mode
remained stable. As for distributed mode, a considerable improvement was reported, espe-
cially for metrics Time, Items and Feelgood. In all these metrics, the initial results from the
first prototype (E2.1) of PD are considerably worse than for next experiments. The reason
for this was the cumbersome full synchronization of the session data, mainly position and
size of the User Story cards. It often cluttered the available bandwidth, which effected in a
poor performance of the team. After the requirement of full synchronization was dropped,
the performance improved. As for the last two experiments, the requirements changes (see
Table 5.1) were minor and they considered minor features. This is reflected by the obtained
results as they are quite similar.

One can notice the same trends of Time and Items metrics. This is due to the fact that
most measurements for Time was taken during Items scenario. The Time metric reflects the
effectiveness of the Planning Game process. While the distributed teams worked longer, the
last results are considerably close to these ones achieved by co-located teams. Taken the
average of 7.5 minutes per hour, it gives approximately 1 hour longer planning during 8-hours
planning session. This is, again, acceptable.

The question arises, however, how to verify whether the planning was actually finished.
The metric measured only the length of the task. To complete the task, all aspects of the
assigned problem needed to be covered by the created stories. Therefore, the Time metric
should be analyzed together with Items. The results indicate that distributed teams produced
less amount of stories. This means they were not as effective as it was reported in Time. Still,
the differences are minor and acceptable, especially when one will consider the fact that too
atomic and detailed Stories are often merged into larger ones.

As for the Feelgood factor, the results of distributed setting considerably improved during
development, which was caused by the increase in the Satisfaction and Efficiency assessments.
The third assessment (Easiness) was not influenced and remained similar for both settings
during whole development process. The Satisfaction assessment is particularly interesting.
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Figure 5.3: Evaluation results for Planning Game support
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While in case of Pair Programming participants complained on the lack of direct contact,
in case of Planning Game this was not the case. A possible explanation is that while Pair
Programming is more creative and intensive activity, Planning Game is focused on listening
and collecting identified requirements. Therefore, it requires less intensive communication and
the indirect contact is acceptable. Another explanation is that the task, which was prepared
for Planning Game, failed to force collaborators to more intensive communication.

The results for E-Factor remind these of Pair Programming. The distributed teams were
slightly more focused on the task than co-located ones. A very interesting observation is that
the higher result was obtained during first experiments, when the troublesome prototype was
evaluated. The conducted observations indicated that the teams, which were experiencing
prototype problems, were strongly motivated to finish the task and did not have time for
off-topic activities. This confirms the conclusion made in previous section. In addition, the
obtained results indicate higher deviations than in case of Pair Programming. This is due to
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different set of participants, with some more talkative students taking role in.

Finally, Learning results report similar performance in both modes. Moreover, the per-
formance in distributed setting was not considerably changing. As mentioned previously, this
may be due to the fact that the majority of the knowledge is transferred through the voice
channel. This signals possible improvements to the prepared task. On the other hand, it
should be remembered that the task should simulate real work assignments and conditions.

5.4.3 Osmotic Communicator

Table 5.4 presents the collected results for OC. These results are visualized by the charts in
Figure 5.4. Higher results are better, except Time metrics were lower results indicate better
performance.

Table 5.4: Evaluation results for Osmotic Communication
support

Test scenario Setting E2.1 E2.2 E3.1 E3.2

Time C 8.61 | 871 | 859 | 8.53

D 9.18 | 844 | 8.48 | 8.63

Feelgood C 0.9 0.88 | 0.92 | 0.93
D 0.88 | 0.97 | 0.93 | 0.96

Negotiation C 0.95 | 0.95 1 0.95
D 0.93 0.9 0.93 | 0.93

Learning C 0.87 | 093 | 0.88 | 0.94
D 092 | 094 | 0.98 | 0.96

Judging by the charts presented in Figure 5.4, there are two main differences when com-
pared to previous practices. The first one is a slight instability of the results, mainly of
the Feelgood factor and the co-located teams. The second difference is that the results for
distributed setting are comparable or even better than for co-located teams.

There are two reasons for the aforementioned instability. Firstly, in case of the co-located
teams, their number was reduced to only two, which was due to the resources limitations (to
remind, the team consisted of 3 people in the OC evaluation). The purpose of this decision
was to formulate a larger number of distributed teams, which would produce more reliable
results. The second reason might be the practice itself, which is only dimly specified, and,
thus, difficult to measure.

As for Time metric, it measured the effectiveness of the information search. The results
show a large improvement between first and consecutive experiments. This is because of
the full synchronization feature causing troubles in the first prototype. Interestingly, next
experiments reported comparable results, slightly outperforming the co-located teams. This
is due to the fact that searching process is much easier on a computer. While co-located
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Figure 5.4: Evaluation results for Osmotic Communication support
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teams utilized mail clients for searching in the provided inboxes (for mails with the specific
information), some part of the information was displayed on physical Information Radiators
on a whiteboard. Be that as it may, the slight differences are within the bounds of a statistical
€rTor.

The Feelgood factor reports stable easiness assessments regardless setting and evaluated
version of OC. As for the other two, distributed teams produced better assessments than
co-located. According to participants, the co-located Osmotic Communication may be dis-
turbing. This is not the case for distributed setting, when the incoming messages can be
ignored and read later. In addition, in case of OC, the fast access to the information located
on system desktop positively affected the Satisfaction assessments.

As for Negotiation and Learning results, they revealed the advantages and disadvantages
of the developed solution. The disadvantage is that it is not designed for an intensive com-
munication which was required to complete task for Negotiation. Still, it occurred possible
for obtain satisfactory results in the last experiment. As for the advantage, the OC is more
efficient when it comes to more static information. The written information is easier to receive
and remember. Moreover, being easily accessible, it is unconsciously reviewed several times
during work, which rather does not happen with the overheard or emailed information. This
explains better Learning results for distributed teams.
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5.5 Results discussion

Having analyzed the obtained results, several aspects need to be discussed. The most impor-
tant one is the comparison between results for co-located and distributed teams. According
to the results for metrics Time, Test/Errors and Items co-located teams occur to be more
efficient. However, their advantage over distributed teams is not significant. In case of Pair
Programming and Planning Game, the difference is estimated as 10% to 12%, which is an
acceptable result, especially when one considers high cost of delegations and related expen-
ditures. In the case of Osmotic Communication and Time metric, the results for distributed
teams are relatively similar or even better than for co-located ones. This is because software-
based communication is superior over the face-to-face communication in such aspects like
information storing and searching.

A very interesting conclusion can be drawn from the results obtained for metrics Feelgood
and E-Factor. It seems that software-supported collaboration is estimated higher in terms
of enjoyment and subjective comfort (that is only based on ones feelings and impressions).
While these are physiological aspects, they can be important in a longer perspective. As for
the assessment of a task easiness, it seems independent from the working conditions. There-
fore, it should not be taken under consideration in future work. Another conclusion is that
distributed setting positively influences the E-Factor (slightly higher results for distributed
teams). Observation was made that people tend to be more focused on their tasks when the
communication is limited.

In case of the last two metrics Negotiation and Learning, it seems that these behaviors
depend mainly on the utilized voice channel. This conclusion is based on the observation
that the improvement of the results for distributed teams was minor throughout the series of
experiments. On the other hand, supporting software can considerably improve the process
of understanding and remembering new information. This is observed in the case of Osmotic
Communication.

Another interesting aspect is how the developed Agile Studio compares to the existing tools
of general application that can be utilized to support selected agile practices. As mentioned in
the development story, first experiments were dedicated to examination of these tools. Based
on the conducted investigation (see sections 2.4 and 3.2) the following ones were selected:
VNC family of tools[98, 104] for Pair Programming, NetMeeting[95] for Planning Game,
DokuWiki[84] and Gadu-Gadu[88] for Osmotic Communication. Alike Agile Studio, they
were supported by Skype, which provided the voice channel. The comparison is possible
thanks to the fact that the proposed metrics were also applied during first experiments for
each practice. Table 5.5 shows the collected results. The utilized symbols Dyorst Dbest Dexist
mean respectively: the worst result of Agile Studio, the best result of Agile Studio, the result
obtained for the existing tools. To remind, higher results are better, except Time metric
where lower result means better performance.
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Table 5.5: Results comparison between AS and existing so-

lutions
£ ::
: g
= T 58 & ¥
o } z & § S E
E x §F 3 &= 2 3
Practices = = = = = Z =
Dworst | 73 0.68 | 3.12 | 0.63 | 0.95 | 0.88 | 0.78
Pair Programming Dypest 58.25 1 0.9 |3.74|0.75 | 0.96 | 0.93 | 0.93
Dexist | 67.6 | 0.73 | 3.31 | 0.61 | 0.98 | 0.9 | 0.92
Dworst | 79.5 | - 4.32 1 0.56 | 0.95 | - 0.88
Planning Game Dypest 59 - 6.17 | 0.78 | 0.98 | - 0.9
Dexist | 64.6 | - 53 | 0.7 | 098 |- 0.91
Dworst | 9.18 | - - 0.88 | - 0.9 |0.92
Osmotic Communication | Dpest | 8.44 | - - 0.97 | - 0.93 | 0.98
Degist | 849 | - - 0.94 | - 0.95 | 0.95

According to the comparison, Agile Studio significantly outperforms existing solutions
in terms of four metrics: Time, Tests/Errors, Items and Feelgood metrics. With regard to
the other three metrics, the differences are minor. This can be explained by the fact that
these metrics depend on the utilized voice channel, which was the same in both cases. With
regard to Osmotic Communication, the results for both approaches are relatively similar. An
exception is the Feelgood factor, which indicates better developers’ attitude towards Agile
Studio. Be that as it may, the wiki concept seems to be successful in replacing local Osmotic
Communication. However, at the time of starting this research, the wiki solutions were not
common (as they are now).

To sum up the presented conclusions and observations, two following statements can be
formulated:

e The results verify the accuracy of the proposed EDD concept. It allows for adjusting
the developed software to the specific needs (even those which are difficult to specify
during preliminary analysis).

e The results obtained for distributed teams supported by Agile Studio are relatively
close to those obtained for co-located teams. In some aspects, distributed teams seem
to outperform the co-located ones. This confirms the posed thesis stating that with a
proper software support, it is possible to overcome the limitations of distributed setting,
emerging from the large distance and lack of direct contact.

While these statements confirm the posed thesis, two facts need to be remembered. The
results are obtained based on a simulation environment with a considerably small testing
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population. The second, less important, fact is not including the aspect of time zones in
terms of distributed collaboration. This facts should be considered in future work.

5.6 Summary

The chapter presented the proposed concept of Experiment-Driven Development and they
way it was applied to develop Agile Studio, a DAD supporting solution described in Chapter
4. The main idea behind the proposed concept is to take advantage of experimental simulation
of a real working conditions in order to evaluate the developed software and tune it to the
users’ needs.

The chapter was started from the discussion on the aspect of DAD evaluation. Next,
the development plan of EDD was outlined including the proposed evaluation method and
organizational issues. Furthermore, the chapter described the development story of each Agile
Studio component with emphasis put on the developed requirements, which were defined
in Chapter 4. Finally, the chapter presented and discussed the obtained results from the
evaluating experiments. The discussion is concluded with a confirmation of the posed thesis.



Chapter 6

Conclusion and future work

The goal of this dissertation was to examine two following statements:

e Supported by specific software tools, it is possible to apply Agile Development and its
practices to distributed teams

e The overall cost of software production in DAD case can be maintained or even decreased
when compared to AD case applied to a distributed team

This involved a classification of the overall production cost and elaborating the proper
approach for the needs of this work. As result, the dissertation attempted to perform a
conceptualization of DAD discipline, which was necessary to select proper agile practices for
the purpose of this work. An important issue was also to propose a set of metrics, which
should allow for evaluating the selected practices both in distributed and co-located settings.
Another crucial goal of the work was to develop a dedicated supporting software for the
selected practices. This required establishing a suitable development approach which should
allow for frequent evaluation of the development results with a use of the proposed metrics.
The evaluation was to be done with an assumption that the overall cost can be classified
into three categories. Being able to approximate only direct cost, the research was meant to
examine the productivity and quality of the output of selected practices in both settings. The
expected outcome was the statement that, while DAD obtains worse results in comparison to
standard co-located setting, the differences are minor, and, for sure, they do not spoil large
savings coming from the lower indirect cost of production process.

The author, besides confirming the posed thesis, would like to emphasize the following
specific and detailed achievements of this work:

e Developed supporting solution called Agile Studio consisting of four components: com-
mon Agile Server, Distributed Pair Programmers Editor, Planning Desktop and Osmotic
Communicator. The solution is based on the proposed concept of object sharing, which

98
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allows for connecting three different applications to the same server. The obtained
results positively verified this concept.

e Organization of fifteen experiments dedicated to evaluation of Agile Studio and obtain-
ing data for AD and DAD comparison. The experiments required preparation of proper
experimental environment in order to simulate real working conditions.

e The proposed set of seven metrics, from which three metrics are new and specific for
the selected practices and two are improved standard metrics

e The concept of Experiment-Driven Development and its verification during development
of Agile Studio components. Application of the concept resulted also in a formulation of
requirements regarding the support for Pair Programming, Planning Game and Osmotic
Communication practices.

e The proposed conceptualization and model of DAD, which collect all major agile prac-
tices and indicate their roles in the whole process. In addition, they overview commu-
nication channels for each practice, report on their sensitiveness to team distribution
and suggest the possible supporting solutions.

The work resulted also in some interesting findings and conclusions. Among them, the
following ones should be emphasized:

e Based on the conducted experiments, it occurred, surprisingly for the author of this dis-
sertation, that the video channel between distant collaborators is of minor importance.
According to participants and the author’s observation of their work, this channel was
rarely used. As it was reported, not only did it failed to provide any valuable infor-
mation but also distracted from the actual task. Participants also claimed that the
opened video window conflicted with others and occupied precious space on the screen.
Finally, the transmission of the video data decreased the real-time performance of the
evaluated solutions. These findings should be considered in case of the tele-immersion
concepts. An example implementation of such concept is, already mentioned, ” Office
of Real Soon Now” project [5], which is based on projecting large live videos from the
remote locations.

e An interesting finding was also abandoning the voice channel requirement in the Osmotic
Communicator component. Three reasons for this were emphasized: low intensity of
the exchanged data, no search/history capabilities of voice channel, a likeable conflict
with other voice channels such as those utilized in Pair Programming.

e The employed concept of Experiment-Driven Development may seem expensive and
troublesome as it requires additional resources, such as properly prepared participants
and well-suited, divided workspaces. While these caused some problems for the author
of this work, for a large company this should not be a case. In addition, the proposed
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testing scenarios are short which should not considerably conflict with development
schedules.

It seems that a stronger emphasis should be put on the evaluation of the usefulness of the
developed software. Agile Development achieves this indirectly by the practice of Small
Releases and early contact of the customer with the working software. However, it is
very likely that more formalized and objective evaluation of the developed product can
improve the customer understanding of his/her needs, leading to meaningful product
enhancements.

Having considered gained experiences and above observations, the future work should

include the following issues:

Revisiting and enhancement of the proposed metrics. It seems that this issue can be a
subject of a dedicated study, including experimental verification of metrics accuracy and
improvement. This would allow for a thorough comparative study involving proposed
solution and all other available applications.

Verification of the developed Agile Studio by organization of large-scaled experiments,
involving considerable amount of participants.

Extension of Agile Studio with a support for another agile practice, preferably with a
use of the Experiment-Driven Development concept. The new Agile Studio component
based on the proposed Agile Server would be an additional confirmation of the Agile
Server’s usability and accuracy of the selected approach.

Enhancement of the developed Agile Studio, in particular focused on new features,
better user-friendliness and, what is most important, the maturity and stability of the
whole solution in various environment and settings.

Extension of the research scope with a real-life verification, possibly including the aspect
of different time-zones.

The results of this work encourage the author to suggest a revision of the Manifesto of

Agile Software Development, which was presented and discussed in Chapter 2. Stimulated

occurs the question whether the four postulates of Manifesto apply also to DAD. The answer

seems to be positive having assumed some of the proposed alterations, which are presented

below:
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MANIFESTO FOR
DISTRIBUTED AGILE SOFTWARE DEVELOPMENT
Agile Manifesto revised.

Individuals and interactions over processes and tools This postulate emphasizes the
importance of communication in the agile development. However, DAD strongly de-
pends on provided support. Without proper software tools that maintain the interac-
tions of individuals, this principle is not valid. This changes the role of tools. While
co-located agile development places tools in opposite to communication, DAD embeds
selected tools in the communication and collaboration process. It is proposed here to
modify the postulate in the following manner: individuals and software-based interac-
tions over processes and distance isolation.

Working software over comprehensive documentation The documentation, even the
comprehensive one, can be used as a supplement of the communication based on the
provided support. This seems especially preferable, and actually the only reasonable
solution, in the case when team members collaborate in different time zones. The
postulate can be replaced by: Working software and development documentation over
document-driven development.

Responding to change over following a plan The idea behind this postulate is to re-
duce the risk of the agile process (e.g. inadequate requirements, requirements change).
The distributed setting can be considered as another risky factor in the development
process (e.g. network or hardware failure, unexpected bandwidths problems etc.). This
increases the value of this postulate. To emphasis this change, the postulate is moved
up in the postulates list (in agile manifesto it is the last one). In addition, it is proposed
to modify it as follows: Responding to change and unexpected communication problems
over following a plan.

Customer collaboration over contract negotiation It seems, this postulate remains the
same in DAD setting. The fact that customer collaboration may be considerably ag-
gravated by the physical distance and imperfect supporting tools does not change the
adoptive (not plan-driven) character of the agile process.
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Appendix A

Overview of experiments organization

This appendix provides selected details on the utilized resources and organization issues of
the conducted experiments. Figures A.1 and A.2 present the photos taken during one of the
experiments dedicated to DPPE.

A.1 Resources

The utilized resources can be divided into: participants, laboratories, hardware and software.

The participants were the volunteered students of the fourth and fifth year of Computer
Science faculty. Thus, they possessed a knowledge of the object oriented analysis, software
methodologies and skills in Java programming language. The students of fifth year were
already familiar with agile development, eXtreme Programming methodology and its core
practices, as a result of dedicated course. For the students of fourth year, an introduction to
the required practices was made before the experiment start.

Having considered all conducted experiments, the total of five students laboratories were
used, however not in once. Two of the laboratories are located next to each other with a
door in the wall between them. Another two are also located next to each other, however
to switch between them, one need to pass the corridor. The last one is located in a larger
distance from the mentioned four. The capacity of laboratories is approximately from 10 to
20 work stations.

The hardware employed during experiments can be divided into computers, headphones
and web cams. The majority of computer are equipped with Pentium IV 1.7GHz-1.8GHz
processors and 512MB of RAM. Several ones are: AMD Duron 1GHz 256 RAM and Pentium
ITT 700MHz 256 RAM. Most of experiments were based on the Pentium IV machines. The
utilized headphones were standard headphones with a microphone: I-Box HP-9600MV and
Logitech Dialog 812. As for webcams, 320x240 cameras were used: Creative WebCam Instant
and I-Cam 350. Additionally, four of the utilized laboratories are monitored using standard
cctv cameras. Finally, experiments required a server to host Agile Server and code repository.
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For this purpose Pentium II 800Mhz with Gentoo linux installed was used.

Beside developed Agile Studio and other evaluated tools (such as Skype[100, 95]), the
following software was used: Subversion[102] for hosting the experiment tasks, JRE 1.5,
Eclipse.

Figure A.1: Co-located pair programmers during experiment

A.2 Plan of a single experiment

Before experiment was started, the following preparations needed to be done. Participating
students were asked to:

e verify that the accounts to the computers in students laboratories are still active,
e create or verify the active account on the Skype[100] or other utilized communicator

e create or verify the account on other communicator, which would be used as a backup
solution, in the case of unexpected problems with the primary ones,

e provide a list of active email addresses, which were used to send important experiment

information.
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Figure A.2: Distributed pair programmer during experiment

Most experiments were organized in two adjacent laboratories, which considerably facili-
tated their control and monitoring. The participants were monitored using the cctv cameras
and direct observation of the experiment’s supervisor. Before experiment was started, a short
revision of the required knowledge (mainly regarding the evaluated practice) was performed.
Afterwards, the evaluated tools were presented and tested. The utilized hardware (mainly
headphones) needed to be tested as well. Having successfully passed these tests (in some cases
it took longer than expected to prepare working environment), participants were divided into
co-located and distributed teams, and introduced with the task to obtain the currently tested
metric. Afterwards, the distributed team members were delegated to different laboratories,
so that they were forced to communicate via the provided software. Whereas it was possible,
participants were located in a distance of several meters to each other, so that they would
not interfere the work of other team.

Before starting the current task, distributed teams were provided with approximately 10
minutes for familiarizing with the utilized tools. During work, they were allowed to take
breaks, for instance to answer the phone call. This allowed for better simulation of the real
working environment. Depending on the current metric, the work was stopped after a time
limit or after completing the task. Participants were asked to send the produced artifacts
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(e.g. User Stories) via email. The example artifact with produced User Stories is presented
in Figure A.3 (the stories are written in Polish).
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Figure A.3: Produced stories during Planning Desktop evaluation

Afterwards, next metric was randomly selected. After a 10-minute break, the work started
again. To provide more reliable results, the teams were mixed before every new task. As result,
participants had a chance to work with different colleagues and experience both settings.

The experiments manifested several possible problems such as strict firewall policies in
university net, preventing participants from connecting to each other, and the quality of the
transmitted voice. The last one can be solved using local servers offering voice communicator
feature.



Appendix B

Example task for Planning Game
evaluation

This appendix presents the example task for the evaluation of Planning Game practice. This
task was utilized along with Time, Items and Learning metrics. As the last one requires a
questionnaire related to the task, it is included here as well. The task is constructed in a
way that it reminds a typical customer’s problem description, which is usually informal and
a little bit unorganized.

The task and questionnaire were originally written in Polish.

B.1 Task
GPS TREK

The goal of the GPS Trek application is to manage the history of the bicycle and mountain
trips.

Two kinds of data can be associated with a single trip: photos and GPS log. There is
a large number of GPS logging applications for mobile devices. An example is OziExplorer,
which generates the GPS path in PLT (Track Plot Log File) format. Another example is the
AutoMapa application, which can be utilized for GPS logging as well. In this case, the logs
are written in files with extension *.gps.

Here is the possible scenario for the GPS Trek application. After a trip, the user downloads
the photos from the camera and the gps path from the gps receiver. Next, he/she launches
the GPS Trek application. Inside it, he/she creates new trip and points to the folder with
photos as well as to the gps log file (in OziExplorer format for a start, later also for AutoMapa
format). It is possible to decide whether the photos should be copied to application folder or
linked from the current location. The user gives the name of the trip, which is mandatory,
Optionally, the trip date and description can be given as well. The created trip can be empty,
without any photos and log files. If a user selects a folder without photos, GPS TREK is able
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to refresh the folder and add the new photos, whenever they appear in the folder. There is
also a possibility to add multiple folders with photos (in this way several cameras, like friends
cameras, can be handled)

After the creation of the new trip and data import, the user can choose from two possible
views:

e photo gallery
e track view

The photo gallery is a scrollable panel with photos miniatures. When a miniature is
mouse-clicked, the full-sized photo is displayed. If the user click the right-mouse button on
the photo, a context-menu is shown. In this menu, the user can delete the photo, change
its description and specify its quality (three suggested degrees: good, average, poor). The
user can also select the photo to be shown on the map. A full-sized photo is rendered with
its description and the exact time of the shot (which is obtained from the EXIF header =
Exchangeable Image File Format). The description is also shown under every miniature in
the photo gallery view.

The second view shows the map of the track. The map should be built from, at least,
following layers: roads (squares included), rivers and lakes, woods, parks, cities and significant
points (e.g. mountain peak, famous monument). The track, which is stored in the gps log file,
should be visualized on the map as a red line. When the map view is opened, the map should
be automatically rescaled so that whole track is visible. The start and finish of the track are
properly indicated. Beside them, on the red line indicating the track, the user can see photo
icons, which represent the selected photos to be shown on map (as mentioned above, this is
done through the context menu). When the user clicks on the icon, a popup window appears
with corresponding photo and its information (alike in the photo gallery). The map can be
zoomed and moved. The zoom does not need to be smooth, but must be provide at least 5
levels of details. Additionally, there has to be option for exporting the visible map fragment
with the displayed track to standard image file.

An interesting feature would be also a window showing the treks statistics and the plot
of absolute hight. The statistics can refer to the trek’s distance, total duration, movement
duration (including percentage of the total duration), the number of taken photos as well as
average, maximum and minimum speed.

Extra feature would be also option of rendering the track line based on a selected param-
eter, such as speed or absolute hight. When speed is selected, the track line would be painted
with gradients of various tones of green and red depending on the current speed in the given
point. The maximum speed for the coloring purpose can be set in the settings window. Alike,
selecting the absolute height as the rendering parameter would result in gradient line from
red tones (high hight) to green tones (low hight).

All data can be modified (including the name of the trek) and deleted (except the name
of the trek).
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B.2 Questionnaire

Below, the questionnaire for presented task is shown. It is divided into three parts: basic
participant info, feedback part asking for participant opinion and observation (the length of
Planning Game was measured objectively, it was interesting to obtain the participant time
impression through), questions for Learning metric purpose.

BASIC INFO

e Your name:
e Partner’s name:

e Your role (customer or developer):

FEEDBACK PART

1. How many User Stories have you created?

2. Do you completely understand the posed problem? Is there something unclear?

3. Was something causing you problems during Planning Game

4. Do you think the created User Stories are meaningful in the sense of the posed problem?
5. How long has your Planning Game taken?

6. How long has the customer been reading the task?

QUESTIONS

1. What does the PLT abbreviation mean and when it is used?

2. What does the EXIF abbreviation mean and when it is used?

3. What is the purpose of the photo miniatures on the map?

4. What types of statistics are meant to be provided according to the presented concept?
5. What is the extension *.gps

6. Is the zooming meant to be smooth? If not, how many levels of details must be provided?
7. What are the paramaters that can be used to render the track line?

8. How to synchronize the gps log with photos?



Appendix C

Evolution of Agile Studio requirements

This appendix illustrates how the requirements for Agile Studio components evolved during
conducted development. Requirements and experiments are represented by the symbols in-
troduced in chapters 4 and 5. The presented figures C.1 and C.2 show when the requirements
were introduced in terms of the conducted experiments. For some requirements, their modi-
fication or dismissal is indicated as well. To differentiate these states, the following coloring
scheme is utilized:

Green color - requirement was introduced
Yellow color - requirement was modified
Red color - requirement was dropped

White color - requirement was not changed
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Figure C.1: Evolution of requirements for Agile Server (a) and Distributed Pair Programmers
Editor (b)
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Figure C.2: Evolution of requirements for Planning Desktop (a) and Osmotic Communicator

(b)
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Detailed experiments results

This appendix presents the details experiments results for the proposed metrics. The results

are organized into tables. Every table shows results obtained for each team or person, depend-

ing on the current metric. The utilized symbols were introduced in Chapter 5 and preserve

their meaning.

D.1 Pair Programming evaluation

Table D.1 presents the Pair Programming results obtained for the Time metric.

Table D.1: Pair Programming experiments results for metric

Time
Development time [min]

Teams | E2.1 E2.2 E2.3 E3.1
c|pj[c|p|c|D|C]|D

1 58 | 65 | 50 | 68 | 51 | 51 | 56 | 50

2 50 | 76 | 57 | 81 | 58 | 70 | 46 | 60

3 56 | 81 | 46 | 61 | 52 | 60 | 57 | 68

4 49 |1 70 | - - | 49150 | - | 55

5 - - - - - |64 - -

Table D.2 presents the Pair Programming results obtained for the Test/Errors metric.

The number of failing tests, which needed to be fixed was 10.
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Table D.2: Pair Programming experiments results for metric

TestsErrors
Passed tests

Teams | E2.1 E2.2 E2.3 E3.1
c/DjCc/DIC|D|C|D

1 10| 8|10 9 |10|10]10| 9

2 9 16 |10 5| 8|7 |10 9

3 107110 7] 9 |10 8 | 8
4 9 | 6 | - - 101 9 - | 10

5 - - - - - 6 - -

Table D.3 presents the Pair Programming results obtained for the Items metric.

Table D.3: Pair Programming experiments results for metric

Items
Created items / creation time[min]
Teams E2.1 E2.2 E2.3 E3.1

C | D C | D cC | D C D
1 | 10/72 | 10/76 | 10/61 | 10/86 | 10/72 | 8/81 | 10/81 | 10/67
2 10/79 | 9/100 | 10/68 | 8/92 | 10/63 | 10/71 | 10/63 | 10/94
3 | 10/85| 9/85 | 10/81 | 10/85 | 9/80 | 9/85 | 10/69 | 10/90
4 | 10/65 | 8/90 | - = |10/66 | 10/76 | - | 9/77
5 - - - - ~ [10/68 | - -
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Table D.4 presents the Pair Programming results obtained for the Feelgood metric. To
remind, the maximum point per each aspect is 5.

Table D.4: Pair Programming experiments results for metric
Feelgood

Efficiency / Satisfaction / Easiness

Persons

E2.1

E2.2

E2.3

E3.1

C

|

D

C

|

D

C

|

D

C

|

D

4/4/3

4/5/3

5/5/4

2/3/3

4/5/2

3/3/3

4/5/3

4/4/4

3/4/4

2/3/1

4/5/4

3/4/2

5/5/4

5/5/2

4/4/3

3/3/2

4/5/2

3/4/4

5/5/3

4/5/3

4/4/3

4/4/4

5/5/4

4/5/3
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4 5/5/4 | 2/4/2 [ 4/4/3 [ 2/2/3 [ 5/5/4 [ 4/5/2 [ 5/5/2 | 4/4/2
5 4/4/4 [ 4/5/4 | 4/4/4 [ 4/4/2 | 4/5/3 | 4/4/3 | 5/4/4 | 4/4/4
6 | 4/5/4|2/2/1|5/5/3|4/5/4|5/5/5|5/4/3|5/5/2 | 3/4/2
7 |5/5/3]4/5/3] - - | 4/a/314/4/3 | - |4/4/3
8 |4/5/3|2/4/2 | - - [a/5/ala/3/2] - [5/5/3
9 - - - - - |a/a3] - -

10 - - - - - a0 - -
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Table D.5 presents the Pair Programming results obtained for the E-Factor metric. The

total working time was 2 hours.

Table D.5: Pair Programming experiments results for metric

E-Factor
Uninterrupted time [min)]
Teams E2.1 E2.2 E2.3 E3.1

c|pjc|[pD|c|[D|C]|D
1 115 | 120 | 113 | 117 | 120 | 115 | 113 | 103
2 120 | 110 | 117 | 120 | 111 | 105 | 118 | 120
3 110 | 120 | 103 | 109 | 110 | 110 | 106 | 117
4 104 | 113 | - - | 118 120 | - | 119
5 - - - - - | 120 | - -

Table D.6 presents the Pair Programming results obtained for the Negotiation metric.

The quantity of all tasks was 10. The working time was unlimited.

Table D.6: Pair Programming experiments results for metric

Negotiation
Completed tasks

Teams | E2.1 E2.2 E2.3 E3.1
c/Djc/ bD|jC|D|C|D
1 9 (10|10 8 |10 9| 9 |10

2 1018191910 8 10| 9

3 108910} 9 |10|10] 9

4 109 | - - 10} 8] -19

5 - - - - - 110 | - -
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Table D.7 presents the Pair Programming results obtained for the Learning metric. The
questionnaire consisted of 8 questions.

Table D.7: Pair Programming experiments results for metric

Learning
Developer good answers / Customer good answers
Teams E2.1 E2.2 E2.3 E3.1
c|pjc|[p|jc[D|C]|] D
1 7/8 | 6/8|8/8|6/7|6/8|5/6|7/8 8/8
2 6/7 |5/7|6/6|7/T|7)7T|7T/7T|6/6 6/7
3 6/6 | 5/6 | 5/7 | 7/8 | 8/8|6/8 | 8/8 7/8
4 7/8 1 5/6 | - - | 7/67/6| - 6/6
5 - - - - - | 6/T| - -

D.2 Planning Game evaluation

Table D.8 presents the Planning Game results obtained for the Time metric.

Table D.8: Planning Game experiments results for metric
Time

Development time [min]

Teams | E2.1 E2.2 E3.1 E3.2
c|pjc|[p|c|D|[C|D
49 |79 | 45 1 66 | 50 | 60 | 46 | 50
55 [ 93 | 56 | 72 | 54 | 59 | 56 | 60
50 | 68 | 52 | 58 | 48 | 70 | 57 | 68
- | 78| - | - |58 |54 - |55

B WiN(=

Table D.9 presents the Planning Game results obtained for the Items metric.



Table D.9: Planning Game experiments results for metric
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Items
Created items / creation time[min]
Teams E2.1 E2.2 E3.1 E3.2
C D cC | D cC | D C D
1 15/73 | 14/90 | 16/66 | 16/79 | 18/67 | 14/76 | 18/72 | 17/79
2 18/69 | 13/85 | 20/74 | 14/80 | 19/69 | 16/79 | 17/69 | 16/78
3 | 17/66 | 14/87 | 15/83 | 17/83 | 15/63 | 17/81 | 17/74 | 16/75
4 - 11103 - ~[16/80 | 16/75 | - | 13/69
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Table D.10 presents the Planning Game results obtained for the Feelgood metric. The

maximum points that can be given for each of the subjective assessments is 5.

Table D.10: Planning Game experiments results for metric

Feelgood

Persons

Efficiency / Satisfaction / Easiness
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3/4/4
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4/5/4

4/5/4

4/4/5
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2/3/4

4/5/4
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4/3/3

4/4/3
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5/4/4

3/4/4

XN || W [N =

3/2/5

5/5/5

4/4/3

4/5/4

Table D.11 presents the Planning Game results obtained for the E-Factor metric. The

total (maximum) working time was 120 minutes.
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Table D.11: Planning Game experiments results for metric
E-Factor

Uninterrupted time [min)]

Teams E2.1 E2.2 E3.1 E3.2

c|/pjc[D|c[D|C]|D
109 | 115 | 118 | 119 | 114 | 120 | 119 | 116
109 | 119 | 112 | 115 | 118 | 117 | 104 | 114
120 | 120 | 116 | 118 | 120 | 115 | 113 | 120
- 118 | - - 108 | 102 - 120

W=

Table D.12 presents the Planning Game results obtained for the Learning metric. The
number of questions in the evaluating questionnaire was 8.

Table D.12: Planning Game experiments results for metric

Learning
Developer good answers / Customer good answers
Teams E2.1 E2.2 E3.1 E3.2
c|pjc|[p|jc[D|C]|] D
1 8/7 | 7/8|8/8|T7/T|T7/8|7T/8|7/8 6/7
2 7/8 1 6/8 | 7/7|7/8|7/8|5/6|8/8 6/7
3 8/8 | 7/8|6/8|6/8|6/6|7/7|6/6 8/7
4 /8| T)T | - - | 8/817/8| - 6/8

D.3 Osmotic Communication evaluation

Table D.13 presents the Osmotic Communication results obtained for the Time metric.

Table D.13: Osmotic Communication experiments results for
metric Time

Searching time [s]
Persons E2.1 E2.2 E3.1 E3.2
c|/pjc[pD|c[D|C]|D

1 498 | 572 | 550 | 513 | 491 | 584 | 537 | 550

2 540 | 630 | 512 | 538 | 564 | 542 | 496 | 602
3 470 | 589 | 493 | 487 | 522 | 447 | 526 | 468
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4 553 | 485 | 570 | 499 | 440 | 561 | 485 | 465
5 092 | 544 | 445 | 511 | 528 | 473 | 520 | 543
6 446 | 658 | 566 | 560 | 548 | 512 | 505 | 472
7 - | 463 | - | 459 | - | 546 | - | 452
8 - | 515 - | 575 | - | 432 | - | 569
9 - | 475 - | 415 - |578 | - |54l
10 - | 813 | - - - | 418 | - -
11 - | 625 | - - - | 511 | - -
12 - 539 - - - | 5800 | - -
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Table D.14 presents the Osmotic Communication results obtained for the Feelgood metric.

The maximum number of points for each of the three assessments is 5.

Table D.14: Osmotic Communication experiments results for

metric Feelgood

Efficiency / Satisfaction / Easiness
Persons E2.1 E2.2 E3.1 E3.2

cC | D cC | D cC | D C D
1 | 4/4/5 | 4/4/5 | 5/4/5 | 5/5/5 | 4/4/5 | 4/4/4 | 4/5/4 | 5/5/4
2 5/4/4 | 4/4/5 | 4/5/5 | 5/5/5 | 5/4/5 | 5/5/5 | 4/5/5 | 5/5/5
3 | 5/4/5 | 5/5/4 | 3/4/5 | 4/5/5 | 4/5/5 | 5/4/5 | 5/5/5 | 5/4/5
4 | 5/5/5| 4/4/5 | 4/5/5 | 5/5/5 | 4/5/5 | 5/5/5 | 5/4/5 | 5/5/5
5 | 4/4/5 | 4/4/5 | 5/4/4 | 5/5/5 | 5/4/5 | 4/5/5 | 5/5/5 | 5/5/4
6 | 4/5/4 | 4/4/5 | 4/4/4 | 4/5/5 | 5/4/5 | 5/4/5 | 4/4/5 | 4/4/5
7 = Is/5/5| - |s/4/5| - |5/5/4| - | 5/5/5
8 = 4/4/4 - |s/5/5 - |5/4/5| - |5/5/5
9 = I3/5/5| - |5/5/4] - |5/5/5| - |5/5/5
10 - 4/4/5 - - - 5/4/5 - -
11 = ajas | - - — s/ - -
12 - 4/4/5 - - - 5/4/4 - -

Table D.15 presents the Osmotic Communication results obtained for the Negotiation

metric. The number of tasks was 10 and the working not limited.
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Table D.15: Osmotic Communication experiments results for

metric Negotiation

Completed tasks
Teams | E2.1 E2.2 E3.1 E3.2
c/ Djc/DjC|D|C|D

1 [10]10]9]10]10[10]9]09
2 9 [10]10] 8 |10[10[10] 10
3 ol -Tol-18]-19
4 s - - -Tol-1-
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Table D.16 presents the Osmotic Communication results obtained for the Learning metric.

The number of questions in the questionnaire was 8.

Table D

.16: Osmotic Communication experiments results for

metric Learning

Developer good answers / Customer good answers
Persons E2.1 E2.2 E3.1 E3.2

c|[p[c|Dp|c|D|[C]|] D
1 7/7|6/8|7/7|7/8|8/8|7/6|6/6 8/7
2 7/8 | 8/8 | 6/7 |8/7|7/8|6/8|7/8 7/8
3 6/7|6/7|6/7|7/7|8/8|7/7|6/6 7/8
4 6/8 | 7/7|7/7]16/8|5/8|8/8|7/8 7/7
5 - |88 - |6/T] - |6/6] - 8/8
6 - | 6/8 - |T7/T| - |T7/8] - 7/8
7 - 7T - - - | 8)T | - -
8 - 7T - - - | 7/8 | - -
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Description
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Agile Server, server side of Agile Studio

Capability Maturity Model

Distributed Agile Development

Distributed Pair Programming

Distributed Pair Programmers Editor, component of Agile Studio
Distributed eXtreme Programming
Experiment-Driven Development
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Planning Desktop, component of Agile Studio

Pair Programming

Late, Over budget, Overtime, Poor quality
eXtreme Programming
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