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Abstract
During the last years the need for a standardized measurement approach for agility based
on a standardized definition of agility has emerged. The present work deals with the
creation of a maturity model for agile software development teams in order to enable a
basic measurement and assessment of “agility” in software development teams.
An investigation of existing maturity models for agile software development revealed,
that none of these models is based on a consistent definition of agility. Therefore the
elaboration of an universal definition and model of agility were part of the present work.
Four interdependent dimensions of agility have been identified. The universal model of
agility was extended with the context of agile software development which was elaborated
on the basis of the Agile Manifesto. Four constraints of agile software development were
identified. Various software development practices were investigated concerning their
impact on the four identified dimensions of agility. Every practice had positive impact on
one or more dimensions of agility. Negative impact was not detected. The impact of every
practice on the dimensions of agility was weighted in order to identify the most “efficient”
practices regarding agility. The results were used to design a maturity model for agile
software development teams. An existing maturity model for organizations in the field
of software development was analyzed and adapted to the needs of a maturity model for
agile software development teams. Five levels of agility were defined. Every investigated
practice was assigned to one level of agility. Based on this assignment, abstract goals for
identified dimensions of agility at specific levels of agility were derived from investigated
practices. The result is a maturity model with five levels of agility and a set of defined goals
which have to be achieved in order to reach a specific level of agility. This maturity model
was evaluated by applying it to two project studies conducted by students of Heilbronn
University in Germany. The evaluation provided the expected results and confirmed a
proper functioning of the maturity model. In addition, limitations of the model were
identified. Based on these limitations, suggestions for future research scenarios were
provided.
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1. Introduction
1.1. Presentation of the Topic
In the last decade a lot of IT organizations and software development teams decided to
shift from plan-driven software development approaches (e.g. “waterfall model”) to agile
software development models (e.g. “3.2.2 Scrum”). The 9th annual state of Agile Survey
by VersionOne1 revealed that 94 % of the questioned organizations “practice agile” or
at least believe to “practice agile” [Ver14, p. 6]. Approximately 24 % of the respondents
worked in organizations that used agile methods for greater than five years. The wordings
“being agile”, “agility” or “agile software development” do not only stand for a specific
kind of software development approaches, but in addition are also used (or misused) as
terms which persuade high quality.
That is why managers and customers welcome the utilization of agile software development methodologies since these methodologies promise project success without violating
the project constraints or goals like time, cost or scope. Another attraction of agile software development methodologies is, that these claim to be able to adapt to changing
priorities and requirements given by the customer and to tools supporting these changes.
The results of the survey conducted by VersionOne confirm, that agile software development models can increase quality and enhance the software development process in a
team. Most survey participants also perceive a better ability to manage changing priorities
when applying agile methods to their projects [Ver14, p. 8].
But in case of project failure, managers and customers blame the usage of agile software
development models. However, in order to be able to determine whether the failure is
based on the fact that agile methodologies and practices have been used, it has to be
verified that the software development team really worked by using “agile” methods and
practices properly. A widespread assumption is, that a software development team is
automatically acting in an agile way, when the team members implement an agile software
development methodology and all its practices completely. Another assumption is, that
the more agile practices an organization or team adopts, the more agile it is [Sid07,
p. 72f]. But research shows, that not all key practices of an agile software development
methodology are always implemented by teams or that practices are modified before
1

A technology company that conducts the survey “State of Agile” every year. Last version involved
around 4000 participators and was conducted in 2014. http://stateofagile.versionone.com
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adoption. This results in a fragmentary implementation of the chosen agile methodology
[Liv06, p. 4]. Therefore it may be assumed, that “implementing an agile methodology
completely” is an insufficient precondition for the conclusion “the team is agile”.
But even if teams would implement every single practice of a methodology in a perfect way, there is no evidence that agile practices included by the methodologies (or any
combination of these) provide agility and that the amount of implemented practices determines the level of agility. According to the survey conducted by VersionOne, 44 % of
respondents believe, that a lack of experience with agile methods causes the fail of agility.
A lack of experience with agile methods implies a lack of experience with agile practices
included by agile software development methodologies. These methodologies are based
on the values and principles defined by the Manifesto for Agile Software Development
(Agile Manifesto) [Bec01a]. The Agile Manifesto gives a rudimentary definition of what
agile software development is. But this definition is only valid in the context of software
development. That implies that the Agile Manifesto does not provide an abstract, contextless and universal definition of pure agility. If the goal is to measure only how much
one specific agile methodology and its practices fit to the definition of agile software development given by the Agile Manifesto, then a comparison of the implemented practices
and their support of values and principles defined in the Agile Manifesto is an adequate
and sufficient approach.
But this measurement still does not prove that the implemented practices enhance
the level of agility. To understand how agile a software development team really is, the
impact of applied practices on agility itself has to be investigated. Therefore an unbiased
and universal definition of agility (detached from the context of software development) is
needed. This definition has to be enriched by the specific context of agile software development. Based on this definition, a maturity model for agility can be built. This model
would help to identify different levels of agility and therefore provide information whether
a software development team really worked in an agile way or if the team just used practices which claim to be agile but have no positive impact on agility itself. Furthermore it
would allow to judge whether the implementation of agile development methodologies and
practices has an impact on the performance of software development teams. A fundamental prerequisite for this judgment is the measurement of the team’s performance before
the implementation of agile practices and afterwards in order to be able to determine the
difference in performance. All thoughts result in one research question:
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How can agility in a software development team be measured, presented and
compared with the agility of other software development teams?
The present work deals with the creation of a maturity model for agile software development teams which allows to measure agility in a software development team. The
measurement of agility within organizations is not object of this work. In order to answer
the research question, six main activities will be performed. Each activity will be presented in one chapter of the present work:
1. Introduction Presentation of the topic, its context and assessment of existing maturity
models for agility.
2. Model of Agility Creation of an universal definition and model of agility.
3. Examination of Practices Analysis of the impact of software development practices
on agility.
4. Design of the Maturity Model Creation of a maturity model for agile software development teams based on an universal model of agility.
5. Evaluation of the Maturity Model Evaluation of the maturity model for agile software development teams.
6. Future Work and Conclusion Future outlook and conclusion for the present work.

1.2. Agile Software Development
The previous section outlined problems connected with measuring agility. The following section describes basic characteristics of agile software development. According to
Boehm and Turner the fundamental differences between agile and plan-driven software
development methods are: [BT03b, p. 1]
1. “Agile methods handle changeability and invisibility by building a shared vision of
the project’s objectives and strategies into each team member’s shared store of tacit
knowledge.”
2. “Plan-driven methods handle conformity and invisibility by investing in extensive
documentation.”

4
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The primary goal of agile methodologies is “Rapid value; responding to change” while
plan-driven methodologies focus on “Predictability, stability, high assurance” [BT03b,
p. 2]. A detailed enumeration of differences determined by Boehm and Turner is summarized in table A.10 on page 138. An example for a “classical” plan-driven, linear, noniterative and heavyweight (document-driven) software development process is the process
introduced by Winston W. Royce in 1970 [Roy87]. The process was named “waterfall”
by Bell and Thayer in 1976 [BT76] and includes seven stages or activities illustrated in
figure 1.1 on page 4.

Figure 1.1.: “Waterfall” model. Own illustration based on [Roy87, p. 3].
When applying the “waterfall” process, a subsequent activity is only allowed to be initiated when the preceding activity is accomplished. A preceding activity can be repeated
if necessary. Royce states: “I believe in this concept, but the implementation described
above [see figure 1.1 on page 4] is risky and invites failure.” [Roy87, p. 2]. The risk occurs
because Testing is executed only after Coding. If the test results will be not as expected,
“Either the requirements must be modified, or a substantial change in the design is required.” [Roy87, p. 2]. Schwaber and Sutherland criticize plan-driven and heavyweight
software development approaches, because these depend “[...] on the accuracy of the
project plan and its unswerving execution.” [SS12, p. 9]. In addition, they criticize three
utopistic dependencies which do not reflect the reality of software development [SS12,
p. 9f]:
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1. “Requirements not changing and being completely understood. [...]”
2. “Technology working without any problems. [...]”
3. “People being as predictable and reliable as machines. [...]”
Nowadays businesses have to react fast to changing markets in order to keep their competitive advantages. New software has to be developed quickly because requirements for
IT systems and software change often during the course of a project [Som11, p. 57]. This
results in unstable requirements and requirements documents. Conboy and Fitzgerald
identified five sources of change: a) Customer, b) Competition, c) Technology, d) Social
Factors and e) Overhead [CF04, p. 5].
While activities like specification, design, implementation and testing (see figure 1.1
on page 4) are run sequentially by plan-driven approaches, these phases are interleaved
in agile software development. Plan-driven software development processes attempt to
gather all requirements at the beginning of a software development project, and therefore
have a lack of supporting activities for changes. Cockburn and Highsmith confirm that the
“agile style of development directly addresses the problems of rapid change.” [CH01, p. 1].
Requirements and other artifacts of the software process will change during the course
of a project [Mey14, p. 13]. Plan-driven approaches have a huge overhead in planning,
specification and documentation of requirements [Roy87, p. 4f]. Agile approaches attempt
to avoid this overhead by focusing more on the development aspect and the reaction to
changing requirements. Conboy and Fitzgerald emphasize: “The over-arching objective
of an agile method is to identify and handle change [...].” [CF04, p. 4].
Agility in software development is not clearly defined [SNV+ 13, p. 250ff], but most
agile process models are based on the Agile Manifesto [BT03a, p. 16f] [SNV+ 13, p. 247].
The Agile Manifesto “[...] introduced agility to the field of software development (SD).”
[CF04, p. 1]. Fowler describes agile methodologies as “[...] new methods [which] attempt
a useful compromise between no process and too much process, providing just enough
process to gain a reasonable payoff.”. Furthermore he emphasizes that “Agile methods
are adaptive rather than predictive.” and that “Agile methods are people-oriented rather
than process-oriented.” [Fow05]. Cockburn and Highsmith note, that “Agile development
teams focus on individual competency as critical factor in project success.” [CH01, p. 1].
Agile software development methodologies are seen by many people as counter model
to traditional plan-driven software process models [Gre10, p. 410]. Boehm and Turner
describe agile methods as lightweight processes with short increments (iterations) that
rely on tacit knowledge, deliver products incrementally and have a “3.4.10 Self-Organizing
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Team“ [BT03a, p. 17]. Agile methods embrace change by involving the customer in the
development process much deeper than plan-driven models in order to get feedback on
ongoing development as quickly and early as possible [BT03a, p. 18f]. As a result, the
client is able to add new or modify existing requirements during the development process.
Cockburn states that “Agile implies being effective and maneuverable. An agile process
is both light and sufficient.” [Coc02, p. 178].
Lairman emphasizes that “Agile” is not a practice: “It is a quality of the organization
and its people to be adaptive, responsive, continually learning and evolving [...]” [LV09,
p. 139]. Focusing on implementation and delivery activities does not automatically mean
skipping any (project-) plan, documentation or to skip checking upfront requirements.
Although one key value defined in the Agile Manifesto is “Working software over comprehensive documentation” [Bec01a], the manifesto defines preferences, not alternatives. In
case of conflict the agile principles and values prevail [Amb09] [BT03a, p. 16].
Popular examples of agile software development models are “3.2.1 Extreme Programming” [Bec00], “3.2.2 Scrum” [SS13], or Crystal Clear [Coc05]. While these models share
most agile values and principles based on the Agile Manifesto, each of these models has
its own methods, roles and practices for implementing the values or principles. The goal
of the present work is to provide a solution for measuring the agility in software development teams which use agile methodologies as described above. The assessment of agility
of plan-driven software development approaches is not objective of the present work.

1.3. Maturity Models and Assessment
The previous section depicted characteristics of agile software development methodologies.
Schweigert et al. determined, that most maturity models for agile software development
are based on maturity levels [SNV+ 13, p. 216] and that they are incomparable [SNV+ 12,
p. 293]. The following sections will give a brief overview of existing types of (maturity)
models for measuring agility. These models will be inspected and assessed with respect
to the measurement of agility and the underlying definition of agility.

1.3.1. Balancing Discipline and Agility
In 2003 Boehm and Turner identified five critical decision factors to determine whether
a plan-driven or agile software development methodology is appropriate for a software
development project [BT03b, p. 2ff]:
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Size: The less people are involved in the project, the more an agile approach instead of
a plan-driven approach is appropriate.
Criticality: The less critical a project is, the more an agile approach instead of a plandriven approach is appropriate.
Personnel: The more skilled the project participants are, the more an agile approach
instead of a plan-driven approach is appropriate.
Dynamism: The more change regarding requirements is expected, the more an agile approach instead of a plan-driven approach is appropriate.
Culture: The more the culture is thriving on not strictly defined processes, the more an
agile approach instead of a plan-driven approach is appropriate.

Figure 1.2.: Model by Boehm and Turner. Own illustration based on [BT03b, p. 3]
Based on the current situation in a project or organization, the model helps to determine the suitable software development approach. Figure 1.2 on page 7 illustrates the
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model. In addition, Boehm and Turner recommend to balance between plan-driven and
agile software development methodologies and practices.
However, the identified factors or dimensions don’t determine the characteristics of
agility nor a generic process of agility. They define a project environment which is required
in order to be agile. Hence it is still necessary to spot the dimensions that describe the
underlying characteristics of agility and the process of agility. These dimensions have to
be the basis for an universal and contextless model of agility.

1.3.2. Sidky Agile Measurement Index
In 2007 Sidky elaborated a maturity model for agile software development which enables
the assessment of the agile potential of a project or organization [Sid07, p. 86]. He called
the tool “Sidky Agile Measurement Index (SAMI)”. The author assumed, that “[...]
organizations become more agile when they adopt more Agile Practices.” [Sid07, p. 72f].
Consequently he stated, that agility of an organization can be measured by the number
of adopted practices. Based on the Agile Manifesto, Sidky identified “[...] five values or
qualities of agility.”: [Sid07, p. 75ff]
• “Responding to change through multiple levels of feedback”
• “Ensuring continuous delivery of software”
• “Establishing communication and collaboration”
• “Producing quality software”
• “Providing an all encompassing agile environment”
Sidky converted these values into five levels of agility: [Sid07, p. 78ff]
Level 5: Encompassing “Establishing a vibrant [...] environment to sustain agility”
Level 4: Adaptive “Responding to change through multiple levels of feedback”
Level 3: Effective “Developing high quality, working software in an efficient [...] manner”
Level 2: Evolutionary “Delivering software early and continuously”
Level 1: Collaborative “Enhancing communication and collaboration”
In order to define each level more clearly, the author summarized the twelve principles
of agile software development defined in the Agile Manifesto into the following ones:
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• “Embrace change to deliver customer value”
• “Plan and deliver software frequently”
• “Humancentric”
• “Technical excellence”
• “Customer collaboration”
Sidky named common agile practices and assigned each practice to one of the levels
of agility he defined earlier. When a level of agility has to be achieved, the assigned
practices have to be adopted by the development team. That implies, that the author
measures agility of an organization by comparing the practices which are adopted by the
organization with the ones that are required to reach a specific level of agility. Practices
assigned to a level below the target level have to be adopted as well.
Although the practices applied by a software development team are a sound basis
for measuring agility, Sidky’s approach is incomplete. The author assumed, that “[...]
organizations become more agile when they adopt more Agile Practices.” [Sid07, p. 72f].
But Lappo et al. state that even if a lot of practices have been implemented by a software
development team, it is possible that the level of agility will not increase [LA04, p. 1].
Furthermore, the application of practices demands resources: e.g. time. If a development
team spends all available time on agile practices but does not spend any time for the
development itself, agility becomes futile. If practices and the resulting actions applied in
a software development team determine the level of agility, the practices itself have to be
examined regarding their impact on agility. Sidky attempted to investigate the impact
of practices on the five agile principles he elaborated on the basis of his own definition
of agility. The goal was to determine the kind of impact on agility. But the author’s
definition of agility is based on the Agile Manifesto, which defines agility just in the
context of software development. Therefore the investigated impact, is just the impact
that complies with the definition given by the Agile Manifesto, but not with an unbiased
and universal definition of agility.
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As confirmed by the Sidky, the context of agile software development is defined in the
Agile Manifesto. The examination of the Agile Manifesto is a reasonable approach for
the definition of the context of agile software development. In addition, the creation of
separated levels of agility is appropriate in order to be able to distinguish the amount of
agility existing within different teams. Furthermore, the assignment of practices to one
level of agility is sensible, since every defined level focuses on another specific aspect of
agility. Nevertheless, proper levels of agility have to be defined in order to be able to
assign practices to these. Based on this assignment, the goals for different levels of agility
can be extracted from assigned practices afterwards.

1.3.3. Quality based Assessment of Agile Methodologies
Janus suggests to measure agility based on three quality dimensions: a) quality of the
product, b) quality of the (development) process, c) quality of resources [Jan03, p. 2ff]
and defines five levels of agility:
Level “5: Adapting Practices” Practices have to be adapted.
Level “4: 1-Dimensional Practices” Practices with impact on one quality dimension.
Level “3: 2-Dimensional Practices” Practices with impact on two quality dimensions.
Level “2: 3-Dimensional Practices” Practices with impact on three quality dimensions.
Level “1: Iterative & incremental” Describes an basic iterative and incremental process.
An investigation of the impact of software development practices on any of the described
dimensions of quality is not conducted by Janus. An interpretation of this model leads
to the conclusion: the more practices with impact on one or more dimensions of quality
are applied in the software development process, the higher the level of agility. In higher
levels, the impact of practices is focused on less dimensions. In the highest level, the
practices are modified.
Like Sidky, the author defines five levels of agility, but does not define to which level
a practice has to be assigned. The first level of agility demands a basic iterative and
incremental process. It has to be verified whether iterative and incremental development are constraints of agile software development. The author assumes, that software
development practices can have impact on one or more (quality) dimensions of agility.
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1.3.4. Thoughtworks - The Agile Maturity Model
Thoughtworks2 employees developed “The Agile Maturity Model” in 2009. The purpose
of this tool is to help to understand software development practices used by organizations
and to improve these in order to be able to respond to changing business conditions
[HR09, p. 2]. Like Janus, the authors of the maturity model assumed, that the agile
software development process has to be executed on an incremental and iterative basis.
Furthermore they defined that every change made to the software product or environment
has to go through an automated process which tests and builds the software. Based on
these assumptions, the authors defined five essential fields of activities: [HR09, p. 3]
“Build management and continuous integration” is concerned with the creation and
maintenance of an automated test and build process.
“Environments and deployment” including hardware, infrastructure, networking, configuration, external services and application stacks.
“Release management and compliance” deals with the preparation of software for deployment to production.
“Testing” includes manual and automated tests as well as acceptance testing in order to
eliminate as many defects as possible.
“Data management” e.g. in context of relational databases as part of the deployment
and release process.
Five levels of agility were defined [HR09, p. 3]:
Level 3 - Optimizing “Focus on process improvement.”
Level 2 - Quantitatively managed “Process measured and controlled.”
Level 1 - Consistent “Automated processes applied across whole application lifecycle.”
Level 0 - Repeatable “Process documented and partly automated.”
Level -1 - Regressive “Processes unrepeatable, poorly controlled, and reactive.”

2

A technology company. https://www.thoughtworks.com
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Five goals have been determined for all five identified fields of activities. Every goal of a
field was assigned to one specific level of agility. In order to achieve higher levels of agility,
goals assigned to the targeted levels and levels below have to be achieved. Therefore the
authors suggest to manage organizational change by using the Deming cycle (plan, do,
check/study, act) [Ins16] and to perform improvement incrementally.
The creators of “The Agile Maturity Model” assumed that the agile software development process has to be executed on an incremental and iterative basis and has to
include five fundamental activities. The authors created five levels of agility based on
the Capability Maturity Model Integration (CMMI). Especially the last level (“Level
3 - Optimizing”) is meaningful, since it demands a stable “agile” process in “Level 2 Quantitatively”. But the model is not built on any unbiased definition of agility. It just
distinguishes different quality levels of execution of common software development practices. Although the division into levels of agility is useful, the segmentation into five static
key activities is not. These activities are too specific and neither allow the understanding of a generic process of agility nor the identification of dimensions of agility. Generic
dimensions of agility with goals for every level of agility still have to be elaborated.

1.3.5. Agility in Small and Medium Enterprises
Escobar-Sarmiento and Linares-Vásquez developed an agility assessment model for small
and medium sized enterprises (SMEs) based on other investigated models created by
other researchers [ESLV12, p. 7ff]. The idea behind the new model was to assess the
organizations, which apply agile practices, as an entire entity, since most agile maturity
models assess only one single aspect of the organization or software development team.
For this reason, the authors defined four stages connected to aspects of agility:
1. Company Agility Assessment measures governance, business responsiveness, administration practices and the software process characterization.
2. Project Agility Assessment measures project criticality, size (persons working in the
project), culture (chaos or planned), dynamism (amount of expected change), personnel (skills) and client involvement (participation) as well as the client’s attitude
towards agility.
3. Workteam Agility Assessment measures product ownership/management capability,
release planning and tracking capability, iteration planning and tracking, team effectiveness, testing practices and development practices/infrastructure.
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4. Agile Workspace Coverage measures labor conditions like open space, space for group
discussions, pair programming desks, continuous integration servers, equipment for
offices (e.g. whiteboards, flip charts).
Every stage is measured by one proprietary maturity model of agility. The result of
measured agility of all four stages determines the overall agility within the organization.
Figure 1.3 on page 13 presents the relation between all four stages. Details concerning
the stages are illustrated by figure A.1 on page 139.

Figure 1.3.: Stages of Agility. Own Illustration based on [ESLV12, p. 3]
The measurement of agility of an organization may be useful when the goal is to
determine the ability of an entire organization to react to change. However, the agility
of an organization does not necessarily has to be connected with the agility within a
software development team. The main purpose of the present work is just to measure
agility within software development teams. Only the defined stage “Workteam Agility
Assessment” measures aspects of the agile software development process. But the focus is
only set on the discovery of applied practices like “3.4.1 Iteration Planning” or “iteration
tracking”. A generic process of agility is not defined by the authors. The model is not
based on any generic definition of agility.
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1.3.6. Toward a Conceptual Framework of Agile Methods
Conboy and Fitzgerald describe an approach that enables the creation of a “comprehensive conceptual framework of software development agility” and can be applied to any
software development project [CF04, p. 2]. The authors emphasize, that the underlying
concepts of agility are flexibility and leanness [CF04, p. 2f]. In order to create clear definitions for flexibility and leanness, the authors reviewed literature of different science fields
(e.g. manufacturing and finance) concerning these terms and its relationship to agility.
Afterwards they formed a definition of agility which is used as basis for the conceptual
framework in the context of agile software development:
“the continual readiness of an entity to rapidly or inherently, proactively or reactively,
embrace change, through high quality, simplistic, economical components and relationships with its environment” [CF04, p. 4].
As main objective of every agile methodology the identification and handling of change
was determined. Furthermore five categories of activities have been defined: [CF04, p. 5ff]
creation
”[...] any action or ability can be deemed to be change creating if it causes
a change that would not have occurred [,] had that action not been taken or that
ability possessed.”
proaction ”[...] to predict change, minimize its negative impact, and maximize the
potential to benefit from it.”
reaction

”[...] how quickly, cheaply and effectively the team can respond to change.”

robustness ”[...] the inherent ability to absorb change.”
learning
”[...] enable them [the team] to be better at each [activity] when future change
arises.”
Figure 1.4 on page 15 illustrates the link between all activities. The higher the level of
each activity is, the higher the level of agility of the development process. The levels of
the activities creation, proaction and reaction, are measured on a monetary basis: “The
greater the number of changes per e [Euro], the more agile the activity.” [CF04, p. 4]. The
process is more robust (and more agile) the less reactive activities in relation to change
occur. Conboy and Fitzgerald state that the activity learning cannot be measured directly
but emphasize, that “to be agile” is an iterative process. Therefore the performance of all
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other activities (creation, proaction, reaction) will increase in “the next round” because
of learning [CF04, p. 4f]. They also identified five sources of change: a) Customer,
b) Competition, c) Technology, d) Social Factors, e) Overhead. One important insight
Conboy and Fitzgerald provided, is that “[...] no universally accepted definition of an
agile method in the field of Information Systems Development (ISD) [...]” exist [CF04,
p. 1]. They explain this lack of definition with the fact, that the Agile Manifesto does
not “[...] consider the evolution of the concept of agility in fields outside SD [Software
Development].” [CF04, p. 1].

Figure 1.4.: Agile activities by Conboy and Fitzgerald. Illustration based on [CF04, p. 4]
Although Conboy and Fitzgerald attempted to create a definition of agility on a neutral
basis, they did not complete their elaboration with the measurement of agility with neutral
scales. As appropriate measuring instrument for the activities creation, proaction and
reaction they introduced the ratio of cost to identified and fulfilled changes. But this
assertion is based on the assumption, that agility is proportional to the performance of
the team, which is not proven yet. It might be reasonably assumed that agility at least
influences the team’s performance.
Furthermore the definition of robustness is contradictory. Conboy and Fitzgerald define
robustness not as activity but as “product of proaction” [CF04, p. 4]. The more efficient
proactive activities are, the higher the level of robustness and therefore the higher the
level of agility will be. But they also define that “true robustness [only] exists when the
need to react is non-existent.” [CF04, p. 4]. They confirm this statement with “[...] a
truly robust team should be able to absorb requirement changes, [...] without any action
necessary.” [CF04, p. 6]. Although the authors admit that this utopistic goal cannot be
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achieved in reality, it contradicts the goal of agility defined by themselves which is to
“embrace change”. If an entity is prepared for every kind of change without the need of
any reaction to it, being agile is unnecessary and implies the usage of classical plan-driven
approaches instead of agile methods in order to be prepared for every imaginable change.
But effort in form of a reaction to change is unavoidable. Only the preparatory work or
reaction time which is needed in order to react to change can be reduced.
Even though Conboy and Fitzgerald attempted to create a neutral and universal definition of agility, they derived their definition of agility from two underlying concepts
identified as “flexibility” and “leanness” [CF04, p. 2]. They defined flexibility as “the
ability of an entity to proactively, reactively or inherently embrace change in a timely
manner, through its internal components and its relationships with its environment.”
[CF04, p. 2]. “Leanness” was defined by the authors as “the maximization of simplicity,
quality and economy” [CF04, p. 2]. Although both definitions are comprehensible, both
are derived mainly from science fields concerning manufacturing. The Toyota Product
System in the 1950s, the Spitfire airplane in World War 2 and the automotive industry in
1915 are examples given by Conboy and Fitzgerald for “leanness” and “flexibility”. This
implies, that the elaborated definition of agility is not neutral and universal, since it is
derived from definitions for “flexibility” and “leanness” and those definitions are mainly
derived from the fields of manufacturing. In order to get an entire contextless definition
of agility, the approach has to start from a more general basis.
However, the method used by Conboy and Fitzgerald is considered as reasonable.
An universal definition of agility which is used in the context of software development
is a comprehensible approach. This would enable the investigation of the impact of
agile software development practices on agility. Also the identification and distinction of
proactive and reactive elements or activities give a deeper insight in the concept of agility.
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1.4. Goals and Success Factors
In the previous sections various (maturity) models for measuring agility were outlined.
A brief assessment of these models was presented. All models are based on different
approaches. None of the maturity models or approaches was considered as the right
choice for the creation of a maturity model for agile software development teams. Still
the assessment revealed important insights which can be used for building a maturity
model for agile software development teams:
• Dimensions of agility have to be identified to determine the true nature of agility.
• Agility cannot be measured by the amount of applied practices only.
• The impact of practices on dimensions of agility has to be investigated first in order
to be able to determine the amount of present agility.
• The context of agile software development is defined by the Agile Manifesto.
• A maturity model using levels of agility is a reasonable concept.
• Practices assigned to levels of agility allow the extraction of goals for these levels.
• Constraints for agile development could be iterative and incremental development.
• Agility or its process cannot be described by defining static key activities only.
Generic activities, which foster agility, have to be defined instead.
• Agility of organizations does not equal the agility of software development teams.
• Agility includes proactive and reactive elements and helps to react to change.
• Building an universal model of agility based on an universal definition of agility is
a reasonable approach.
• Extending the universal model of agility with the context of agile software development is a reasonable approach.
• Building a maturity model for agile software development teams based on the model
of agility in the context of agile software development is a reasonable approach.
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Based on these items, goals and success factors for a maturity model were defined.
Additional goals were added in order to precise the goal of the present work:
1. The result shall be a maturity model for agile software development teams.
2. The maturity model for agile software development teams shall
2.1 enable the measurement of agility of software development teams only (not
organizations).
2.2 enable the measurement of agility only (not the team’s performance or quality
of the product).
2.3 measure agility through the definition and use of levels of agility.
2.4 provide guidance how to proceed from one level to higher levels of agility.
2.5 be based on an universal and contextless definition of agility.
2.6 indicate, that a software development team is not agile in case fundamental
elements of agility (constraints) are not respected.
2.7 not be limited to one single agile methodology (e.g. only XP or only Scrum).
2.8 enable the comparison of agility between different software development teams.
2.9 be easy to understand and easy to use.
The achievement of these goals has to be reviewed after the maturity model for agile
software development teams was elaborated.

1.5. Methodological Approach
Chapter “2 Model of Agility” describes the single steps needed for the creation of a model
of agility in the context of agile software development. Starting point will be the result of
the examination of existing maturity models for agile software development described in
“1.3 Maturity Models and Assessment”. An universal definition of agility will be defined
in “2.2 Universal and Contextless Definition of Agility”. Based on this definition, the
process of agility and its dimensions will be elaborated in “2.3 Process and Dimensions of
Agility”. The result shall be a generic model of agility without any context. This model
will be extended with common “2.4 Goals in Software Development” and the specific
“2.5 Context of Agile Software Development”. The extended model will be examined
concerning “2.7 Dependencies between Dimensions of Agility”.
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Chapter “3 Examination of Practices” describes the investigation of common practices
in (agile) software development and their impact on the dimensions of agility identified
in chapter “2 Model of Agility”. Most common agile software development methodologies
will be identified. The impact of the practices defined by those methodologies on agility
will be investigated. The impact of every analyzed practice on dimensions of agility will
be weighted afterwards in order to identify the most efficient practices regarding agility
(“3.5 Weighting the Impact of examined Practices”).
Chapter “4 Design of the Maturity Model” is focused on the design and creation of a
maturity model for agile software development teams. Two existing maturity models for
organizations will be considered (“4.2 Starting Point for a Maturity Model”). Based on
this consideration, one maturity model will be chosen as basis for further modifications.
The architecture and concept of the model will be analyzed and adapted to the needs of a
maturity model for agile software development teams. Levels of agility will be created in
“4.4 Definition of Levels of Agility” to which the analyzed and weighted practices will be
assigned in “4.5 Assignment of Practices to Levels of Agility”. Based on this assignment,
capability levels and their goals for the dimensions of agility will be extracted from the
practices in “4.6 Definition of Capability Levels and Goals”.
Chapter “5 Evaluation of the Maturity Model” describes the evaluation of the maturity model for agile software development teams constructed in chapter “4 Design of the
Maturity Model”. Two project studies conducted by students will be investigated. The
agility of the software development teams within a project study will be analyzed and
assessed based on the levels of agility defined in “4.4 Definition of Levels of Agility”, as
well as goals defined in “4.6 Definition of Capability Levels and Goals”.
Chapter “6 Future Work and Conclusion” will provide a short conclusion concerning
the elaborated maturity model for agile software development teams. Potential future
research will be named, followed by a short conclusion.

20

Model of Agility

1.6. Chapter Summary
Chapter “1 Introduction” described the current situation concerning the measurement of
agility. “1.1 Presentation of the Topic” explained basic problems that have to be considered when measuring agility. Measuring agility is a complex and non trivial endeavor.
Based on this initial situation, a research question was elaborated:
How can agility in a software development team be measured, presented and
compared with the agility of other software development teams?
Agile Software Development and its fundamental characteristics was described in “1.2
Agile Software Development”. A set of existing (maturity) models of agility was introduced and briefly explained in “1.3 Maturity Models and Assessment”. The examination
provided, that every model uses its own approach for measuring agility. None of these
approaches was considered as perfect solution. No investigated model was based on a
generic definition of agility. In order to precise the direction of the present work, goals
were defined in “1.4 Goals and Success Factors”. The chapter ends with the presentation
of a detailed “1.5 Methodological Approach” which references to single activities in the
present work.
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2. Model of Agility
2.1. Introduction to the Chapter
Chapter “1 Introduction” described the difficulties concerning the measurement of agility
and various approaches used by creators of other existing maturity models. In chapter
“2 Model of Agility”, a model of agility in the context of software development will be
elaborated. This is a crucial prerequisite for the design of a maturity model for agile
software development teams. A maturity model for measuring agility requires a sound
definition of agility as basis. An “2.2 Universal and Contextless Definition of Agility” will
be elaborated. Based on this generic definition of agility, the “2.3 Process and Dimensions
of Agility” will be determined and extended by “2.4 Goals in Software Development” as
well as the “2.5 Context of Agile Software Development”. This results in a model of
agility in the context of agile software development. Finally, the dependencies between
identified dimensions of agility will be reviewed in “2.7 Dependencies between Dimensions
of Agility”.

2.2. Universal and Contextless Definition of Agility
In the previous section, existing maturity models have been assessed. The investigation
showed, that an universal and contextless definition of agility is needed as basis for a
model of agility. This generic definition will be elaborated in the following section. In
order to get a basic and contextless definition of agility, a set of definitions given by
(online) dictionaries has been examined. Search keyword was “agility”. From all obtained
definitions, one comprehensive definition of agility was merged. The used definitions of
agility are the following ones:
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“the ability to move about quickly and easily [...]” [Dic16a]
“the power of moving quickly and easily; nimbleness [...]” [Dic16b]
“[...] the ability to think and draw conclusions quickly; intellectual acuity.” [Dic16d]
“[...] Ability to think and understand quickly: [...] mental agility, and alertness.” [Dic16c]
Based on these definitions, “agility” or “being agile” means:
having the ability and power to move quickly and easily, being vigilant
and alerted, thinking readily and quickly and draw conclusions fast.

2.3. Process and Dimensions of Agility
An universal and contextless definition of agility was elaborated in the previous section.
The result will be used to construct a generic model of agility in the following section.
A general understanding of agility based on definitions in dictionaries is “having the
ability and power to move quickly and easily, being vigilant and alerted, thinking readily
and quickly and draw conclusions fast”. An element which is implicitly needed for an
entity in the context of agility is a purpose, Goal or destination. There is no need to
be agile without a specific aim. Without a Goal, the ability to move quickly and easily
is pointless since the proper direction of movement is not given. Furthermore the entity
itself does not need to be vigilant and alerted or to think readily and quickly. If the
target destination is not defined, the entity does not have to identify obstacles which
prevent it from achieving the Goal or any opportunities. Therefore it is not necessary to
think quickly, or to think about how to solve or avoid problems or how to benefit from
opportunities. Not having a Goal means stagnation. There won’t be any movement or
any reaction to change. Therefore a Goal is a fundamental prerequisite for being agile.
A Goal or destination is not sufficient for a definition of agility. It just indicates the
direction of the entity’s movement. During the process of achieving the Goal, obstacles
and opportunities can appear. These elements and events demand a reaction from the
entity. In order to avoid obstacles and to benefit from opportunities, there have to be
mechanisms which enable the entity to detect these. Without noticing the barriers, which
impede the achievement of the Goal, it is not possible to prevent running into them.
Opportunities cannot be utilized by the entity if there are no sensors which are capable
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of detecting these. If an entity is confronted with changes in environment, or is faced
with obstacles or opportunities, it is necessary that the entity has the ability to recognize
these. Furthermore it is essential that the entity notices when the predefined Goal (e.g.
requirements in software development) change in order to be able to adapt the direction
of movement towards the new or modified Goal. Vigilance is the first identified dimension
of agility. Vigilance is needed before any decision and reaction to change is possible, since
Vigilance is the mechanism which detects change first. The more vigilant an entity is, the
more agile it is.
When obstacles or opportunities were detected through Vigilance, the entity needs
to decide how to handle these. Two options are available: a) to change or b) not to
change the process of approaching the predefined Goal. “No reaction” is also an active
(not passive) decision since the entity considers which options support achieving the Goal
the most. If “no reaction” will result in a better outcome than “a reaction”, “no reaction” is the proper choice based on the current knowledge of the entity. While Vigilance
enables the entity to “see” obstacles, opportunities or changes concerning requirements
and environment, Decisiveness is required to decide for the proper way of handling these
elements in order to come closer to the predefined Goal. Without a decision, there won’t
be a reaction. But every decision results in effort and consequences, which have to be
considered. The definition of agility demands “thinking readily and quickly”. Hence the
quicker the process of decision making, the more agile it is. The second dimension of
agility is Decisiveness. Decisiveness is required in order to react to change, obstacles or
opportunities detected by Vigilance. A high Decisiveness allows to draw conclusions fast.
The higher the Decisiveness of an entity is, the more agile it is.
After decision making, the real reaction has to happen. The decision itself is not
sufficient since every decision needs a realization in order to experience the results of the
decision. This part of agility is crucial, especially when the entity chooses to change.
If the direction of movement (e.g. course of a project) changes, current activities have
to change as well: work in progress has to stop, work already done has to be saved. It
takes time and effort until the entity can react to the taken decision and start working
on new tasks or moving towards another direction. Cockburn et al. state, that the team
can be more effective in responding to change if it can “reduce the elapsed time between
making a decision to seeing the consequences of that decision.” [CH01, p. 1]. Depending
on the situation and elements the entity is faced with, a quick reaction (low reaction time)
can be of great importance. Reactivity [Wes15] is the third relevant dimension of agility.
Without or with a too low Reactivity it is not possible to react in an agile way. Reactivity
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does not include the activities needed in order to realize the decision. Reactivity is the
“preparation phase” after decision making but before beginning of implementation work.
The higher the Reactivity of an entity is, the more agile it is. The realization of a decision
represents the performance of the software development team and will not be considered
in the present work.
Duvall experienced that “Developing software requires planning for change, continuously observing the results, and incrementally coursecorrecting based on the results.”
[DMG10, p. 24]. “Continuously observing” implies a high Vigilance. “coursecorrecting”
implies a high Decisiveness and high Reactivity. Since the process of “being agile” is a
cyclic procedure which occurs frequently, the entity’s movement occurs frequently in small
increments. The process itself is iterative as the procedure has to be repeated permanently
since the context and situation of the entity change after each movement and decision.
The first identified constraints for agility are an incremental and iterative approach.
Hence “being agile” is an iterative and incremental approach which includes activities
based on Vigilance, Decisiveness, Reactivity and delivers a result which supports the
predefined Goal. Every dimension of agility needs to have its supporting processes or
activities. The result of the elaboration of a generic model of agility is presented in figure
2.1 on page 24.

Figure 2.1.: Dimensions and process of agility.
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2.4. Goals in Software Development
A generic model of agility was elaborated in the previous section. Core elements of the
model are three identified dimensions of agility (Vigilance, Decisiveness, Reactivity) and
a Goal that has to be achieved. Common goals in software development will be defined in
the following section. Identified goals will replace the abstract Goal in the generic model
of agility elaborated in the previous section presented in figure 2.1 on page 24.
The main goal of a software project is to deliver a high quality and fully functional
software product to the customer within specific constraints. “Software engineering is an
engineering discipline that is concerned with all aspects of software production from the
early stages of system specification through to maintaining the system after it has gone
into use.” [Som11, p. 7]. General goals or constraints of a software development project
are time, cost and scope [Ang07] [Ges12, p. 101]. Beck and Fowler add a fourth variable
quality in order to be able to “control” all aspects of a project [BF01, p. 27]. Since quality
can also be seen as result of combination of time, cost and scope, it will not be added
as additional and distinct goal. Figure 2.2 on page 25 illustrates the identified goals in
software development and their coherence.

Figure 2.2.: Goals in software development. Own illustration based on [Ges12, p. 101]
All stakeholders (developers, designers, testers, managers, etc.) involved in a project
attempt to achieve the defined goals time, cost and scope. Time defines a point in time
until when the project has to be accomplished. Cost defines the monetary resources that
are available to the project. Scope defines the features that are desired by the customer.
The more the course of the project matches the given goals, the higher the success of the
project [Ang07]. The generic goals time, cost and scope have to be added to the universal
model of agility presented in figure 2.1 on page 24. The result of this enhancement is
presented in figure 2.3 on page 26.
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Figure 2.3.: Dimensions and process of agility with goals.

2.5. Context of Agile Software Development
In “2.3 Process and Dimensions of Agility” a generic model of agility based on a “2.2
Universal and Contextless Definition of Agility” was elaborated. This model was extended
with common goals in software development: Time, Cost and Scope. In addition, the
context of agile software development has to be applied to the generic model. Therefore
the specific context of agile software development will be elaborated and added to the
model. The examination of this context may reveal further dimensions of agility or other
constraints for the model.
“Software development is a complex endeavor.” [Sch04, p. 1]. One of the biggest challenges during the software development process are changing requirements and unstable
business environments [Som11, p. 57]. In order to face these challenges, and to find
better ways of developing software, 17 experienced software engineers met 2001 in Utah,
USA and discussed new possibilities and software development methods [Mey14, p. 1].
The result of these discussions is the Manifesto for Agile Software Development (Agile
Manifesto) [Amb09]. Agile ideas reach back to the 1990s when Extreme Programming
was developed but mainly became famous because of the Agile Manifesto [Mey14, p. 1].
The Agile Manifesto contains four main values and twelve principles based on these values
[Bec01a]. The four values and a short interpretation are:
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“Individuals and interactions over processes and tools” People are individuals working together. They are the most valuable in software development.
“Working software over comprehensive documentation” Focus in agile software development is the source code and working software.
“Customer collaboration over contract negotiation” Collaborating with the customer
is important since the customer is the stakeholder who passes requirements to the
software development team. The customer has to be involved in the everyday work
of the team.
“Responding to change over following a plan” Requirements change often. A plan
can be outdated and has to be updated frequently.
The authors of these values emphasize: “That is, while there is value in the items on
the right, we value the items on the left more.” [Bec01a]. The Agile Manifesto defines
preferences instead of alternatives [Amb09] [BT03a, p. 16]. Although processes and tools
are necessary, the wellbeing and individuality of people is more important. Although documentation has to be created when it is required, it is never as important as the produced
software and source code itself. Every project includes negotiation of contracts and terms,
but in agile projects it is more important to collaborate with the customer and to understand his needs. Project plans have to be flexible, since requirements and circumstances
change. The Agile Manifesto defines twelve principles [Bec01b] which support the four
core values:
1. Our highest priority is to satisfy the customer through early and continuous delivery
of valuable software.
2. Welcome changing requirements, even late in development. Agile processes harness
change for the customer’s competitive advantage.
3. Deliver working software frequently, from a couple of weeks to a couple of months,
with a preference to the shorter timescale.
4. Business people and developers must work together daily throughout the project.
5. Build projects around motivated individuals. Give them the environment and support
they need, and trust them to get the job done.
6. The most efficient and effective method of conveying information to and within a
development team is face-to-face conversation.
7. Working software is the primary measure of progress.
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8. Agile processes promote sustainable development. The sponsors, developers, and
users should be able to maintain a constant pace indefinitely.
9. Continuous attention to technical excellence and good design enhances agility.

10. Simplicity – the art of maximizing the amount of work not done – is essential.
11. The best architectures, requirements, and designs emerge from self-organizing teams.
12. At regular intervals, the team reflects on how to become more effective, then tunes
and adjusts its behavior accordingly.
These principles have to be investigated in order to identify further dimensions of
agility or constraints in the context of agile software development. According to Meyer
item 6 and 12 are practices, not principles [Mey14, p. 50ff]. Item 6 only defines one kind
of communication out of many. This does not imply, that it is the best or only way of
communicating. In some scenarios a face-to-face conversation is not always possible (e.g.
when development teams are distributed). Item 12 suggests, that the team meets on a
regular basis and analyzes its behavior in order to change it and to improve their effectiveness. This describes only one specific practice (“3.4.8 Retrospective”) used in some
agile methods [Mey14, p. 50f]. Furthermore Meyer criticizes item 5 and 9 as platitudes.
Nobody wants to work with unmotivated individuals [Mey14, p. 50f]. “Give them the
environment and support they need, and trust them [...]” is a paraphrase for “self organization of the team”. “technical excellence and good design” is important to every software
project. Item 7 is an assertion and not a principle. There are alternatives for measuring
progress.
Item 1, 3 and 7 are partially redundant [Mey14, p. 51]. All these principles emphasize
the importance of working software and that it has to be delivered early and frequently.
Item 1 and Item 4 describe partially the same issue. Highest priority is to satisfy the
customer. In order to do so, the development team has to understand the needs of the
customer. But since the customer does not explain his needs on a technical basis, but
rather on a business level, developers and business people have to work together, software
has to be delivered frequently.
In addition, Meyer separates item 10 into two distinct principles: “Produce minimal
functionality” (“Simplicity”) and “Produce only the product requested” (“the art of maximizing the amount of work not done”). This distinction is reasonable, since both elements
describe different issues [Mey14, p. 50]. Finally Meyer highlights the importance of tests
and summarizes the following principles: [Mey14, p. 51]
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1. Organizational
1.1 Put the customer at the center.
1.2 Let the team self-organize.
1.3 Work at a sustainable pace.
1.4 Develop minimal software:
1.4.1 Produce minimal functionality.
1.4.2 Produce only the product requested.
1.4.3 Develop only code and tests.
1.5 Accept change.
2. Technical
2.1 Develop iteratively:
2.1.1 Produce frequent working iterations.
2.1.2 Freeze requirements during iterations.
2.2 Treat tests as a key resource
2.3.1 Do not start any new development until all tests pass.
2.3.2 Test first.
2.3 Express requirements through scenarios.
While most of Meyer’s principles originate from the twelve principles of the Agile
Manifesto, some of them are new:
1.4.3 Develop only code and tests.
2.1.2 Freeze requirements during iterations.
2.2 Treat tests as a key resource
2.3.1 Do not start any new development until all tests pass.
2.3.2 Test first.
2.3 Express requirements through scenarios
“1.4.3 Develop only code and tests” is not prescribed in the original principles. One of
the four core values of the Agile Manifest declares: “Working software over comprehensive
documentation”. Since the Agile Manifesto just defines preferences but not alternatives
[Amb09], “working software” does not exclude documentation or other artifacts if relevant.
Another principle says “Working software is the primary measure of progress.” but does
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not exclude any other artifacts (like documentation) resulting from the software development process. None of the original principles or values dictates to “Freeze requirements
during iterations” neither to “Express requirements through scenarios”. While tests are a
very important aspect regarding working software, it is only one specific practice. Other
practices can help to increase the quality of software as well (e.g. “3.3.7 Pair Programming” [BN08, p. 7]). Neither the values of the Agile Manifesto nor its principles prescribe
the execution of tests or that the definition of a test has to precede writing code. Taking
into consideration Meyer’s contribution as well as findings on his added principles, the
following eight rephrased principles remain:
1. Work closely with the customer.
2. Put the customers needs and satisfaction at the center.
3. Deliver working software to the customer early and frequently.
4. Accept changes (in environment and requirements) and react to those.
5. Use simple solutions (where possible).
6. Implement only what has to be implemented (also tests, documentation and other
artifacts if needed).
7. Work at constant pace.
8. Let the team self-organize and improve.

2.6. Agility in Context of Agile Software Development
In the previous section eight core principles for agile software development were elaborated
based on the Agile Manifesto. These principles have to be investigated in detail in order
to reveal any constraints or further dimensions of agility in the context of agile software
development. Identified constraints or dimensions have to be added to the generic model
of agility. The examination of each identified principle gives the following insights:
1. Work closely with the customer
Working closely with the customer enhances Vigilance and Decisiveness since the customer
is the one whose requirements and needs can change and have to be considered. By
collecting modified or new requirements and feedback given by the customer frequently,
a better basis for making decisions is given because more information is available.
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2. Put the customers needs and satisfaction at the center
Although the Agile Manifesto presents this item as an principle, it rather is a goal of the
agile software development process. The Agile Manifesto declares “Our highest priority
is to satisfy the customer [...]” [Bec01a]. The customer can be satisfied by delivering high
quality and full functional software which meets his needs. Agile software development
models emphasize the work with the customer much more than traditional ones [Mey14,
p. 83]. “Agile development is customer-centric.” [Mey14, p. 5] [Bec01a]. In order to
understand the customers needs and requirements, the customer is supposed to work as
close as possible with the development team. By doing this, customer satisfaction shall
be increased. “Customer Satisfaction” is a goal in software development [Ges12, p. 101].
Especially agile software development methodologies emphasize “Customer Satisfaction”.
This goal has to be added to the goals identified in “2.4 Goals in Software Development”.
3. Deliver working software to the customer early and frequently
By delivering early, frequently and developing incrementally, the risk of project failure
can be decreased. Furthermore this principle can enhance the dimension Reactivity by
decreasing the reaction time to changes. When delivering a software product frequently,
the version delivered has to be functional. Changes can be applied more easily and quicker
to a working code basis. This principle implies the constraint incremental development.
4. Accept changes (in environment and requirements) and react to those
This principle mainly supports the dimensions Vigilance and Decisiveness. Vigilance is
needed for detecting changes. Decisiveness for accepting them.
5. Use simple solutions (where possible)
By considering a simple solution for a given problem, the time for decision-making can be
minimized, because complex solutions can be excluded. By deciding for simple solutions,
the time for reacting to changes can be decreased also since simple solutions do not need as
much preparatory work as complex ones. Therefore this principle supports the dimensions
Decisiveness and Reactivity.
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6. Implement only what has to be implemented and has value to the customer
This principle cannot be assigned to one specific dimension of agility It rather supports
all of them by suggesting not to waste time and resources by executing tasks which are
not needed or don’t produce any value to the customer. The principle describes the
fundamental idea of lean thinking. The value of something is defined by the customer.
But the value itself has to be created by the producer [WJ13, p. 23ff]. In the scenario of
software development, the producer is the software development team. According to the
Poppendiecks, the seven principles of lean software development are a) “Eliminate waste”,
b) “Build quality in”, c) “Create knowledge”, d) “Defer commitment”, e) “Deliver fast”,
f) “Respect people”, g) “Optimize the whole” [PP10, p. 23].
The first principle of lean software development Eliminate waste coincides with the
sixth principle Implement only what has to be implemented and has a value to the customer
elaborated from the Agile Manifesto. Eliminate waste prescribes to avoid defects, the
production of unneeded features, delays resulting from handoffs, partially done work,
frequent task switching and unneeded processes [HJS09, p. 17ff]. The Poppendiecks state
that “But far and away the biggest source of waste in software development is extra
features.” [PP10, p. 24]. The principle Eliminate waste limits the tasks that have to be
done instead of directing the work towards a specific goal. The fifth principle Deliver
fast coincides with the third principle Deliver working software to the customer early
and frequently elaborated from the Agile Manifesto. Deliver fast also emphasizes the
constraint incremental Development identified earlier. The remaining principles of lean
software development do not stand in direct connection to the elaborated principles of
agile software development. However, the principles Eliminate waste and Deliver fast
have to be considered as constraints for agile software development and are summarized
in the remaining work by the term lean thinking.
7. Work at constant pace
To Work at constant pace is an advice how to reach the predefined goals. The principle cannot be assigned to one specific dimension of agility but defines how an iterative
and incremental development cycle has to be executed. Work at constant pace requires
a constant workload for developers in order to avoid an exhaustion which will cause
lower working performance. Every developer or employee needs time for recovery after
a working period in order to keep her performance [Bec00, p. 66f]. A constant rhythm
is established by a constant iteration length and therefore is a further constraint of agile
software development.

Model of Agility

33

8. Let the team self-organize and improve
While most listed principles support one of the given dimensions of agility directly, this
rule cannot be applied to “Let the team self-organize and improve”. In order to be able to
improve, the team has to discuss obstacles and opportunities they perceived by using their
Vigilance as well as their decisions made through Decisiveness. Furthermore the team has
to discuss their performance and Reactivity and if there are any blockers which prevent
the team from being more effective. By doing this, the team learns from mistakes as well
as from proper actions applied during the course of a project. Learning is a fundamental
prerequisite in order to improve. An optimization of the development process is a result
of learning. Optimization is the fourth identified dimension of agility. Let the team selforganize and improve expects the transformation of the team and activities concerning
Vigilance, Decisiveness and Reactivity performed by the team. Since the dimension of
Optimization is crucial in order to improve future work, it is appropriate to add this
element as additional dimension to the model of agility, because it has an impact on
all other identified dimensions. A structured approach of learning and Optimization can
and shall influence the other dimensions. Since the procedure of “being agile” is not
a onetime activity but rather an iterative and incremental process, Optimization is a
periodic activity which has to be synced with the agile process. The authors of the agile
performance report “The impact of agile. Quantified.” by CA Technologies support this
insight: “Agile and Lean are built on a foundation of continuous improvement: You need
to inspect, learn from and adapt your performance to keep improving.” [CA 15, p. 1].
Optimization can also be concerned with the optimization of the Optimization process
itself.
Figure 2.4 on page 34 shows the “agile process” in context of software development.
The additional dimension Optimization and identified constraints were considered. Fundamental constraints of agility elaborated earlier and in this section are, that the agile
process has to be iterative, incremental, has to have a constant iteration length and has
to obey the principles of lean thinking.
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Figure 2.4.: Model of agility in context of agile software development

2.7. Dependencies between Dimensions of Agility
In the last section, the generic model of agility was extended with the context of agile
software development. An additional dimension (Optimization) as well as four constraints
(iterative and incremental development with constant iteration length and lean thinking)
were identified and added to the model. The following section describes an investigation of
dependencies between the four dimensions of agility. This provides a better understanding
of the process of agility.
Although every identified dimension of agility describes one discrete facet of agility,
there are interdependencies between the single dimensions. The result of high Vigilance is
the detection of obstacles, opportunities and new or modified requirements. This output
is used as input for Decisiveness. The result of high Decisiveness is a quick and reasonable
decision based on the given input (output of Vigilance). This implies, that the efficiency
and quality of the result of Decisiveness depends on the quality of output of Vigilance.
Decisiveness is dependent on Vigilance.
A similar relationship exists between Decisiveness and Reactivity. Reactivity is the
amount of effort and time that is needed in order to start the implementation of a decision.
It can be seen as preparatory work which has to be done before the actual work. Reactivity
is dependent on the made decision and its context. Examples of decisions in context of
software development are the choice of an architecture or the selection of a requirement
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that has to be implemented next. If a new requirement is the implementation of an
additional feature to the software, the reactivity of a software development team is high.
If management decides, that the same software development team has to build hardware
which is needed for the project, the reactivity of the software development team is low.
The team does not have the knowledge, experience and (hardware) tools needed in order
to build hardware (yet). Preparatory work would be the acquisition of technical knowhow
and tools needed for building hardware. Reactivity therefore is relative, dependent on the
preceding decision and its context.
After the reaction happened, the preceding steps (being vigilant, decisive and reactive)
have to be analyzed to improve. Optimization is the process of analyzing, learning and
improving other dimensions of agility. The output of Optimization is not the input for
other dimensions of agility, but influences activities of other dimensions of agility and
how they process input data. Vigilance, Decisiveness and Reactivity are not dependent
from Optimization since Optimization is a method of improving rather than of creating
nature. But Optimization is dependent on the existence of the other dimensions, since
these are the dimensions that have to be optimized and give input to the activity Optimization. Without Vigilance, Decisiveness and Reactivity, the dimension Optimization is
not required.
Every dimension of agility is dependent from the given goals since the goals have to
be supported by all activities applied in the software development process. Any activities concerning Vigilance, Decisiveness, Reactivity or Optimization which do not serve
the achievement of the defined goals are unnecessary concerning agility (lean thinking).
Another insight is, that every dimension has to be balanced with the other ones. In a situation in which high Vigilance detects a lot of obstacles and opportunities but Decisiveness
is too low, there is no benefit from Vigilance since no quick decision based on the options
detected by Vigilance can be made. If Reactivity is too low, a quick and sound decision
based on detected obstacles and opportunities cannot be realized as quickly as needed
because the reaction time is too high. If Vigilance is too low, obstacles and opportunities
will not be detected at all which results in no decision and no reaction at all. If most focus
is put on Optimization, the movement or performance of the entity results in stagnation
since the effect and impact given by other dimensions is too low.
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Balance between dimensions of agility has to be established. A proper dosage of each
dimension results in synergy effects. Furthermore, balance between all dimensions and
the movement (performance) of the entity is required. If there is only focus put on agility
but not on movement, the reaction itself is not going to happen because of a lack of time
or lack of other resources. The measurement of performance is not subject of this work.
In order to increase agility, it is necessary to increase the levels of Vigilance, Decisiveness,
Reactivity and Optimization while keeping the balance between all dimensions. The higher
the level of each dimension is, the more agile the software development process is.

2.8. Chapter Summary
Chapter “2 Model of Agility” explained the creation of a model of agility in context of agile
software development. An universal definition of agility was elaborated in “2.2 Universal
and Contextless Definition of Agility” from which the “2.3 Process and Dimensions of
Agility” were derived (Vigilance, Decisiveness, Reactivity). This generic model of agility
was extended with “2.4 Goals in Software Development” (Time, Cost, Scope) and the “2.5
Context of Agile Software Development”, which was elaborated on the basis of the Agile
Manifesto. New elements and constraints, that have to be added to the model of agility,
were identified: the dimension Optimization and the constraints incremental and iterative
development, constant iteration length as well as lean thinking.
The final result of the chapter is a model of agility, which describes “2.6 Agility in
Context of Agile Software Development” presented in figure 2.4 on page 34. Finally,
an investigation regarding the “2.7 Dependencies between Dimensions of Agility” was
conducted, which revealed dependencies between all identified dimensions of agility
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3. Examination of Practices
3.1. Introduction to the Chapter
A model of agility based on an universal definition of agility was elaborated in the previous
chapter. This model was extended with the “2.5 Context of Agile Software Development”
which has been extracted from the Agile Manifesto. The result is a model of agility in
the context of agile software development.
The agility within a software development team has to be assessed on the basis of
actions performed by the team, since these actions determine the nature of the applied
software development approach. Actions result from applied software development practices. In order to determine agility, the impact of practices on the identified dimensions
of agility (Vigilance, Decisiveness, Reactivity and Optimization) will be determined in
the following sections. Section “3.2 Common Agile Software Development Models” will
describe the selection of common agile methodologies and involved practices for investigation. A definition of every practice including all activities that shape the practice as well
as its shortcomings will be elaborated based on information given by relevant literature.
A possible negative impact of practices on a dimension of agility will be considered in this
examination as well. Hence the result the examination will be, that a practice has impact
on none, one or more dimensions of agility, and that this impact (if existent) is either
positive (improving) or negative (worsening) agility. The impact of all examined practices will be weighted afterwards in order to identify the most efficient practices regarding
agility. Finally, an example set of indicators for each identified dimension of agility will
be derived from the results of investigation.

3.2. Common Agile Software Development Models
In order to be able to determine how agile a software development team is, the practices
the team executes during software development have to be examined with respect to their
impact on the identified dimensions of agility. Some software development models define
specific roles and artifacts in their models. For instance, “3.2.2 Scrum” defines the roles
“3.4.10 Self-Organizing Team”, “3.4.7 Product Owner” and “3.4.4 Scrum Master” and the
artifacts Product Backlog, Sprint Backlog and Increment. For the examination regarding
the impact on different dimensions of agility, it is not important which of these roles
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executes specific practices by using specific artifacts in order to create an impact on a
dimension of agility. The only relevant information is, a) that practices are executed by
the development team, b) how they are executed, and c) on which dimensions of agility
the executed practices have an impact.
To avoid the creation of a maturity model for agile software development teams that
is limited to the detection of agility based on practices given by only one single agile
methodology (e.g. only “3.2.1 Extreme Programming”), the practices of more than one
agile methodology have to be investigated. Otherwise the maturity model would only describe what is needed for complying with one agile methodology instead of defining what
is relevant to become agile as defined in previous sections (see figure 2.4 on page 34).
The following sections describe the examination of practices used by two common agile
methodologies, namely “3.2.1 Extreme Programming” (XP) and “3.2.2 Scrum”. These are
two popular, widespread methodologies. According to the recent survey by VersionOne,
Scrum is the most used methodology, practiced by 56 % of the questioned participants.
Second placed is an customized “Scrum / XP Hybrid” with 10 % followed by a “Custom
Hybrid” which combines practices from various methodologies used by 8 % of questioned
participants. Last place is covered by Extreme Programming (XP) with 1 % of usage
[Ver14, p. 9]. That implies that by investigating “3.2.2 Scrum” and “3.2.1 Extreme Programming”, around 70 % of applied practices are covered in the examination since the
most common methodologies are either Scrum or a combination of Scrum and XP. Hence
the selection of practices included by Scrum and XP for a first basic investigation is appropriate. The workflow of both methodologies will be introduced in the following sections
in order to understand how the included practices interact.

3.2.1. Extreme Programming
Extreme Programming was originally developed by Kent Beck, Ron Jeffries and Ward
Cunningham. The idea behind XP was to create a lightweight software development
process model which is not as much regulated as traditional ones [Gre10, p. 391]. XP is
based on values, and principles. Beck describes XP as a compact software development
method for small and medium sized teams which have to deal with vague or quickly
changing requirements [Bec00, p. XV]. XP is based on four values, five primary principles
and ten secondary principles [Bec00, p. 29ff]. The XP workflow is illustrated in figure 3.1
on page 40.
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Primary Principles

Secondary Principles

Communication

Rapid feedback

Teach learning

Small
initial investment

Simplicity

Assume simplicity

Play to win

Concrete
experiments

Feedback

Incremental change

Open, honest
communication

Accepted
responsibility

Courage

Embracing change

Work with people’s
instincts, not
against them

Honest
measurement

Quality work

Local adaptions

Travel light

Table 3.1.: Values and principles in XP. Based on [Bec00, p. 29ff].
From the values and principles illustrated in table 3.1 on page 39, Beck derived strategies
for implementing the four main activities he identified in software development: “Programming”, “Testing”, “Listening” and “Designing” [Bec00, p. 49]. The core roles of XP
are:
1. Programmer: Develops source code.
2. Customer: Delivers requirements in form of user stories1 and is responsible for
acceptance testing.
3. Coach: Is responsible for the whole XP process
XP provides twelve different practices which attempt to implement the four defined
main activities [Bec00, p. 53ff]. “The weakness of one [practice] is covered by the strengths
of the others.” [Bec00, p. 36]. Beck’s recommendation is to implement XP as a whole
[Bec00, p. 69f].

1

“A user story describes functionality that will be valuable to either a user or purchaser of a system or
software [... and is] a written description of the story used for planning and as a reminder.” [Coh04,
p. 4]
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Figure 3.1.: Workflow of XP. Own illustration based on [SLS06, p. 34].
An XP project starts with an Exploration phase which can take up to several weeks
[Bec00, p. 131ff]. In Exploration phase all project participants gather knowledge that is
required for a successful project start. This includes the creation of story cards, small
pieces of paper with requirements written on it and its estimation. This task is done by
the “3.3.11 On-site Customer”. Developers are supposed to create different prototypes in
order to determine a suitable architecture for the product: an architectural spike solution.
Spikes are the basis for the first estimation of tasks or designs [Bec00, p. 132]. Thereby
all technology (hardware and software) that is going to be used for the production system
has to be evaluated as well. When considering an architecture or design, a “3.3.4 Simple
Design” is preferred. During Exploration phase, (technology) specialists are allowed to
assist. Every task, that is required and identified by the programmers, has to be estimated.
The “3.3.3 Metaphor”, a common language for the project, is established in Exploration
phase often.
Second phase is Planning phase. “The purpose of the planning phase is for the customers and programmers to confidently agree on a date by which the smallest, most
valuable set of stories will be done.” [Bec00, p. 133]. Therefore the practice “3.3.1 The
Planning Game” is applied. A first release should contain work between two and six
months. “3.3.2 Short Iterations” are preferred.
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After planning the committed schedule has to be broken down into one- to four-week
iterations. An Iteration Planning follows. The development team starts the implementation of the selected stories. For every iteration a set of functional test cases has to be
defined [Bec00, p. 133f]. The first iteration is dedicated for setting up the architecture
for the software. The “3.3.11 On-site Customer” decides what has to be implemented in
the following iterations. During development deviations from planned stories for the iterations and releases have to be monitored. The scope of an iteration can be extended by
adding or removing stories. All defined test cases have to pass at iteration end. The software is supposed to be functional [Bec00, p. 134]. During development the programmers
use practices like “3.3.4 Simple Design”, “3.3.5 Testing”, “3.3.6 Refactoring”, “3.3.7 Pair
Programming”, “3.3.8 Collective Ownership”, “3.3.9 Continuous Integration” and “3.3.12
Coding Standards”. The working time within one week should not exceed a “3.3.10 40Hour Week”.
The end of the (main) development phase of the project is called Productionizing and
is characterized by shorter iterations (e.g. one week instead of three weeks iteration
length) accompanied by daily meetings in order to tighten up the feedback cycle [Bec00,
p. 134]. Focus in this phase lies on testing and optimization of the software. Development
of additional features is of secondary importance. Goal of this phase is to release the
software and let it go in into production [Bec00, p. 135].
During Maintenance phase the goal is to “[...] produce new functionality, [and] keep
the existing system running [...]” [Bec00, p. 135]. This phase indicates the start of a new
release with activities from Exploration phase followed by “3.3.6 Refactoring”. Changes
to the software have to be performed carefully. Typical for Maintenance phase is that
required development time for new features increases [Bec00, p. 136]. The end of an XP
project is signalized by the fact, that the customer cannot deliver any new user stories
[Bec00, p. 137]. A conclusive project documentation has to be created.
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3.2.2. Scrum
According to the recent survey by VersionOne, Scrum is with 56 % the most applied agile
methodology [Ver14, p. 9]. Scrum is defined as an empirical, iterative and incremental
process “[...] framework within which people can address complex adaptive problems,
while productively and creatively delivering products of the highest possible value.” [SS13,
p. 3ff]. The workflow of Scrum is described in the Scrum Guide [SS13]. The framework
consists of:
Roles: “3.4.4 Scrum Master”, “3.4.7 Product Owner”, “3.4.10 Self-Organizing Team”
Events: The Sprint (one iteration), “3.4.1 Sprint Planning”, “3.4.5 Sprint Review”, “3.4.8
Retrospective”, “3.4.9 Daily Meetings”
Artifacts: Product Backlog, Sprint Backlog, Increment
The “3.4.7 Product Owner” gathers requirements from the customer and other relevant
stakeholders and enters them into the Product Backlog. The Product Backlog is an ordered
list which contains all requirements as well as features and improvements that are relevant
to the software product [SS13, p. 12]. The Product Backlog changes frequently since one of
the “3.4.7 Product Owner”’s responsibilities is to keep the prioritization of requirements
in the Product Backlog up to date. This activity is called “3.4.2 Backlog Management”.
The “3.4.7 Product Owner” is also permanent contact person for the development team
for questions concerning requirements.
At the beginning of each iteration (Sprint in Scrum terms) the “3.4.4 Scrum Master”
invites the “3.4.10 Self-Organizing Team” and “3.4.7 Product Owner” to the “3.4.1 Sprint
Planning”. The “3.4.4 Scrum Master” has the responsibility to remove all obstacles and
impediments of technical, social and managerial nature that slow down the performance
of the “3.4.10 Self-Organizing Team”. Her main responsibility is to make sure, that the
rules of Scrum are obeyed by all participants.
A “3.4.1 Sprint Planning” is a meeting in which the “3.4.10 Self-Organizing Team”
discusses and estimates the high prioritized items in the Product Backlog. The “3.4.7
Product Owner” is not allowed to influence the estimation of the team, but may be asked
for more details concerning requirements. The “3.4.10 Self-Organizing Team” chooses the
items that are feasible in the current iteration considering time and complexity. These
items are added to the Sprint Backlog, an artifact which contains all chosen items for
the current iteration. The “3.4.4 Scrum Master” monitors all official Scrum meetings. In
situations in which the team does not achieve progress in a meeting, she can assist as
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a moderator. A Sprint can have a length of maximum 30 days. According to a survey
conducted by CA Technologies, the most common iteration length is two weeks (59.1 %
of respondents) [CA 15, p. 11]. The “3.4.10 Self-Organizing Team” defines tasks which
have to be executed in order to implement the requirements defined in the Sprint Backlog
and starts to work on them. The developers autonomously manage all tasks which are
required. This is a key element of a “3.4.10 Self-Organizing Team”. During a Sprint, the
team is invited by the “3.4.4 Scrum Master” to time-boxed meetings with 15 minutes
length on a daily basis. The goal of “3.4.9 Daily Meetings” is to present the progress the
team made since last meeting and to uncover any barriers or problems.
After the defined time for the Sprint elapsed, the “3.4.4 Scrum Master” invites the
“3.4.10 Self-Organizing Team”, “3.4.7 Product Owner”, customer and other relevant stakeholders to the “3.4.5 Sprint Review”. In this time-boxed meeting the team presents the
increment it produced during the last Sprint to relevant stakeholders. An increment is the
sum of all new functionality added to the software product. The “3.4.7 Product Owner”
explains which items are “Done” and which are not finished. This assessment is based on
the “3.4.3 Definition of Done”, a list containing all tasks that have to be accomplished
before the implemented requirement is considered as “Done”. This definition is elaborated
by the team and has to be obeyed by every team member. “The purpose of each Sprint
is to deliver increments of potentially releasable functionality that adhere to the Scrum
Team’s current definition of ‘Done.’”[SS13, p. 15]. After presenting new functionality,
stakeholders collaborate and define new requirements as well as aspects of the software
which have to be modified or extended. This feedback is the input for the upcoming “3.4.1
Sprint Planning”.
Before the “3.4.4 Scrum Master” invites the “3.4.7 Product Owner” and the “3.4.10
Self-Organizing Team” to the next “3.4.1 Sprint Planning”, she organizes a “3.4.8 Retrospective”. During a “3.4.8 Retrospective”, all participants consider what went well and
should be kept in the development process as well as what went wrong and should be
avoided or improved. The team defines appropriate measures. The “3.4.4 Scrum Master”
assists by removing any impediments within the team. Due to this meeting the “3.4.10
Self-Organizing Team” has the chance to improve its performance. Figure 3.2 on page 44
illustrates the workflow of Scrum.
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Figure 3.2.: Workflow of Scrum. Own illustration based on [Sch04, p. 9].

3.3. Practices of Extreme Programming
The following sections describe the assessment of the impact of practices included by XP
on the dimensions of agility: Vigilance, Decisiveness, Reactivity and Optimization. This
assessment is required in order to determine whether a practice has an impact on agility.

3.3.1. The Planning Game
The purpose of The Planning Game is to maximize the value of the software produced
by the development team in one release [Bec00, p. 87f]. “It’s a structured approach to
creating the best possible plan given the information available.” [SW07a, p. 221]. The
participants of the game are “business team” and “development team”. The business
team represents the customer and decides what the software is supposed to do while
the development team has the technical knowledge about the effort which is required for
implementing the desired features [Bec00, p. 55]. The Planning Game is a discussion
between the two parties and focuses on functionality demanded by the customer, effort
estimated by the development team and on estimation of the associated risk. The result
of the game is a plan that maximizes the value and minimizes cost: a compromise [Mey14,
p. 94]. An artifact used during The Planning Game is Story Cards. Story Cards describe a
specific and self-contained part of functionality of the system. They are used as discussion
basis. The game consists of three phases [Bec00, p. 89ff]:
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1. “Exploration – Find out what new things the system could do.”
2. “Commitment – Decide what subset of all possible requirements to pursue next.”
3. “Steer – Guide development as reality models the plan.”
In Exploration Phase the business team writes the Story Cards which are then estimated by the development team. If a story is too large, it can be split into smaller
ones. In Commitment Phase the business team categorizes the stories into “mandatory”,
“important” and “nice to have”. The development team sorts the cards by risk and tells
the business team how fast developers can perform under ideal conditions. Based on this
information, the business team chooses stories for the release. In Steering Phase (during
development) the created plan (chosen stories) is updated. If the development team overestimated their performance, they can reestimate it. Business can reprioritize the stories
or add new stories during development under the premise that stories with equivalent
effort will be canceled [Bec00, p. 89ff].
The Planning Game expects a customer which has the competence and willingness to
work with the development team very closely. The application of the practice has no
effect when it is not possible to establish the required meetings with the customer and
the development team on a regular basis. Another drawback is, that the development
team can be inclined to overestimate Story Cards in order to have a buffer in case they
overcommitted for a release [SW07a, p. 224ff].
A subsequent practice of The Planning Game which is not explicitly listed as XP
practice is Iteration Planning [Bec00, p. 91ff]. Release Planning is another term for The
Planning Game. According to the survey by VersionOne, 65 % of the survey participants
use Release Planning [Ver14, p. 9].
Impact on Vigilance
The Planning Game fosters the relationship, communication and collaboration between
customer and development team [SW07a, p. 223]. Through playing the game, both parties
have to discuss various aspects of the software product from two different point of views:
Business point of view (value) and technical point of view (cost). Developers have to
explain to the business team why the implementation of a specific feature or story has
a specific price (ideal development time). During this discussions the Vigilance of both
parties is high, each representing its own perspective. The Planning Game increases
Vigilance.
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Impact on Decisiveness
One task of the customer is to prioritize stories defined in Exploration Phase while developer prioritize stories based on risk. This preparatory work increases Decisiveness. In
case the customer decides to cancel a story, there already is an ordered list with more
items available for the iteration. This list is created before the development iteration
starts and is updated during the course of the project. The Planning Game includes
the practice “3.4.2 Backlog Management”. Since the Decisiveness of The Planning Game
predominantly results from prioritizing the stories, its impact on Decisiveness is not going
to be considered for the practice but respected during the examination of “3.4.2 Backlog Management”, a Scrum practice. The impact of the practice The Planning Game is
considered as none.
Impact on Reactivity
No significant impact detected.
Impact on Optimization
No significant impact detected.

3.3.2. Small Releases
The software product has to be delivered in small increments released through short
release cycles. Shorter release cycles are preferred, because this increases the frequency
of releases. A release is a functioning version of the software. The more opportunities
the customer has to inspect the current state of the software product, the more feedback
she is able to give. But “The release has to make sense as a whole [...]” [Bec00, p. 56].
Functionality that cannot be realized within one release has to be broken down into several
“development packages”. Each of these packages has to be feasible within one iteration.
According to Beck, “3.3.5 Testing”, “3.3.9 Continuous Integration” and “3.3.4 Simple
Design” are required in order to enable Small releases [Bec00, p. 64].
For consistency reasons the practice Small Releases will be renamed to Short Iterations,
since the term Short Iterations is more common and implicitly defines that an iteration
or release has to be small. Although a release and an iteration do not describe the same
(a release can consist of several iterations), the meaning behind both terms is to deliver
functioning software frequently within short time. Furthermore the term iteration is also
used in “3.2.2 Scrum”. “3.2.2 Scrum” defines that the result of an iteration is also a
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“[...] usable, and potentially releasable product Increment [...]” [SS13, p. 7]. Based on the
study “Impact of Agile - Quantified” conducted by CA Technologies2 in 2015, most agile
software development teams use an iteration length of two weeks. According to this study,
this iteration length provides the best combination of performance and quality [CA 15,
p. 11].
Impact on Vigilance
Short Iterations increase Vigilance. By building and delivering the software frequently,
the team ensures the functionality of the software and therefore its quality on a frequently
basis. Chances to detect errors and react to those rise. The customer and other relevant
stakeholders have frequently the opportunity to give feedback regarding the current status
of the software product. This fosters a higher Vigilance.
Impact on Decisiveness
Short Iterations increase Decisiveness. With regular and short releases, the customer or
customer representative has the chance to give feedback to the development team more
often. Because of theses frequent status reports and updates, the customer representative
has a better knowledge. That enables her to make better decisions. The frequency of
decision making is increased. Also the team profits from the (technical) feedback and can
react to problems.
Impact on Reactivity
Short Iterations increase Reactivity. In case requirements changed, shorter release cycles
reduce waste and effort in order to start working on new tasks. Since a release has to
be a fully functional version of the software after each iteration, a stable code basis is
provided to developers more often. This increases Reactivity, since it is easier to add new
functionality to a clean and functioning code basis than to erroneous code.
Impact on Optimization
No significant impact detected.

2

Formerly “Computer Associates International, Inc. and CA, Inc”. An independent software corporation. http://www.ca.com
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3.3.3. Metaphor
Beck does not clearly describe what the purpose of a metaphor in a software development
project is. The most crucial definition is: “The metaphor just helps everyone on the
project to understand the basic elements and their relationships. The words used to
identify technical entities should be consistently taken from the chosen metaphor.” [Bec00,
p. 56]. That implies that a Metaphor is a kind of “coding standard” for spoken language
within a project environment.
“Programmers aren’t necessarily experts in the areas for which they write software.
[... And] the people who are experts in the problem domain - the domain experts - are
rarely qualified to write software.” [SW07a, p. 125f]. This issue can be weaken by using a
Metaphor. The application of a Metaphor means that every team member (including the
customer) speaks one common domain specific, ubiquitous language and uses terms and
phrases which are understood by all stakeholders. That includes the naming of variables,
methods and classes in source code according to the terms used by the domain experts.
The ubiquitous language is a living language which has to change and improve when the
team learns new things. “The [software design] model and the ubiquitous language must
always stay in sync.” [SW07a, p. 127ff].
The benefit of using a common and ubiquitous language is the reduction of miscommunication among programmers as well as between programmers and customers. A drawback
of the practice Metaphor is, that not always a customer is available to the team on a frequent basis which impedes the establishment of a common language and therefor impedes
the establishment of a Metaphor. In addition, some technical issues can only be discussed
by using the appropriate technical terms and expressions which are not understood by
all stakeholders. The Metaphor is a practice which is not commonly used, because of its
character being easily misunderstood regarding its purpose [Liv06, p. 3].
Impact on Vigilance
A Metaphor can have a positive impact on Vigilance. When every team member understands words, phrases, and definitions used by other members, the effect will be a higher
alertness for obstacles and opportunities. A common language within the team is a basis
for these substantial discussions and communication in general. In particular the communication between the development team and customer is crucial. Both parties need to
understand each other in order to be able to define and understand the requirements for
the software product.
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However, a lot of discussions between developers will be of technical nature where the
benefit of a Metaphor will not emerge since the technical vocabulary is required. For that
reason the impact on Vigilance will be considered as positive but low.
Impact on Decisiveness
No significant impact detected.
Impact on Reactivity
No significant impact detected.
Impact on Optimization
No significant impact detected.

3.3.4. Simple Design
The software design is concerned with architecture of the software and the use of patterns. An architecture can be seen as decomposition of the software system into its single
components and their interaction. A system does not only consist of one architecture,
but rather has multiple architectures [FR11, p. 1f]. A Pattern “[...] describes a problem
which occurs over and over again in our environment, and then describes the core of the
solution to that problem, in such a way, that you can use this solution a million times
over, without ever doing it the same way twice.” [AIS77, p. X] Although this definition
originates from the field of architecture (for buildings), it is suitable for (design) patterns
in context of software development [FR11, p. 10]. A Pattern offers a solution for a specific
problem which occurs often. A simple design includes the proper usage of patterns.
“The design strategy in XP is to always have the simplest design that runs the current
test suite.” [Bec00, p. 103f]. The design has to be elaborated as quickly as possible.
According to Beck, it is unnecessary to create a complex and complete design because of
the uncertainty which changes or requirements will occur in the future [Bec00, p. 104ff].
He emphasizes to obey the rule “Make it run, make it right, make it fast.” [Bec00, p. 134].
Beck advises to start implementation with a test which initially fails followed by design
and programming until the test passes. This is called Test Driven Development (TDD).
If a design can be simplified after implementation, Beck suggests to change it through
“3.3.6 Refactoring”. XP defines as “simplest design” the following [Bec00, p. 109]:
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1. “The system (code and test together) must communicate everything you want to
communicate.”
2. “The system must contain no duplicate code. (1 and 2 together constitute the Once
and only Once rule)”
3. “The system should have the fewest possible classes.”
4. “The system should have the fewest possible methods.”

Impact on Vigilance
XP imposes to focus only on the actual needs regarding design and architecture [Bec00,
p. 105]. However, it is not possible to be prepared for all requirements given by the
customer and therefore it is not possible to create an architecture which is completely
flexible and able to adapt to any need. Though it is necessary to provide at least an
architecture which can be extended or modified easily when it is not possible to change
it easily. For this case XP does not provide any useful advices. Although the four
hints mentioned by Beck are reasonable, they are not sufficient in order to get a flexible
architecture. If the team focuses on using as few classes and methods as possible, avoids
duplicated code and only writes what is needed in order to complete a specific task, the
team is not going to consider the software product and its architecture as a whole anymore.
One of the elaborated agile principles states “Use simple solutions (where possible)”. In
some cases a simple or simplest solution is not suitable and not beneficial. The result
will be a poor and inextensible architecture. The bigger and more complex the system
becomes, the stronger the negative effect will be. However, one hint which proves, that
Beck wants developers to create a solid, beneficial, simple and flexible design based on
careful thoughts is: “You were programming with a partner, so you were confident you
were making a simple design, not a stupid design.” [Bec00, p. 65]. Because of its ambiguous
nature, and because of the practice’ dependency on requirements given by the customer,
the impact of Simple Design on Vigilance is considered as none.
Impact on Decisiveness
No significant impact detected.
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Impact on Reactivity
The impact of the practice Simple design on Reactivity is ambiguous. In case new or
modified requirements have to be implemented, a Simple Design, is easier to understand
by developers than a complex and sophisticated architecture or design. It takes less
time until the development team can start working on a new or modified requirement.
Therefore Simple design can foster Reactivity.
Simple design also concerns the source code itself, not only architecture. Experienced
developers stated that “elegant”, “focused”, “efficiency” and “readability” are attributes
of simple and clean code [Mar09, p. 7ff]. A lot of development effort is expanded after
software is initially written. That implies that code has to be read often, especially
in maintenance, when changes are made to the system [Spi08, p. 7]. Therefore simple
designed code can increase Reactivity as well.
Although XP defines four rules for Simple Design, not every developer has the same
comprehension of these rules. Furthermore, in case new features need architectural
(re)design or modification, preparatory work has to be done first in order to enable
the implementation of these features. A Simple Design accelerates this enhancement
or modification of architecture. In addition, the design of the system mainly depends on
requirements. The customer can formulate requirements which force a change of architecture because the existing architecture does not support upcoming needs. So the effect
caused by Simple design depends not only on the quality of execution of the practice, but
beyond depends also on external factors like requirements given by the customer. However, the practice Simple Design can have a positive impact on Reactivity when applied
reasonably. It can reduce the time needed for extending the software product with new
features. The impact is considered as positive.
Impact on Optimization
No significant impact detected.

3.3.5. Testing
“Software testing consists of the dynamic verification that a program provides expected
behaviors on a finite set of test cases, suitably selected from the usually infinite execution
domain.” [BF14, p. 82]. The test process consists of the tasks a) “Test Planning and
Control”, b) “Test Analysis and Design”, “Test Implementation and Execution” and “Test
Evaluation and Test Report” and includes the use of Test Tools and frameworks (e.g.
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component testing) [SW07b, p. 11ff]. Testing software is a difficult process which reduces
project risk, [SLS06, p. 6] and improves the quality of the software by identifying and
correcting defects [SLS06, p. 10]. Although the term Testing only means the test of
software, the use of the word implicitly includes also the process of fixing found errors.
Different types of tests can be distinguished: a) “Component Test”, b) “Integration Test”,
c) “System Test”, d) “Acceptance Test”, e) “Testing new Product Versions” and “Generic
Types of Testing” [SLS06]. Another important kind of testing are Regression Tests (RTs):
In case existing code is changed, side effects can be an unintended result. In order to avoid
these effects, all previously defined test cases have to be repeated [SLS06, p. 68] [Mey14,
p. 118].
XP prescribes that developers have to write an automated test before writing the
program code [Bec00, p. 117]. That complies with the First Law of TDD [Mar09, p. 122].
Automation is seen as “[...] key to successful agile development [...]” [CG09, p. 255]. Before
developers are allowed to write new code, all unit tests have to be passed. XP also advises
to have a dedicated tester in the team who “translates” the acceptance requirements
written by the customer into real test scenarios [Bec00, p. 117f].
The practice Testing does not guarantee a software product without errors, but rather
shows “[...] the presence of defects, not their absence” [SLS06, p. 31f]. So the result of
Testing depends on the quality and execution of test-methods. One drawback of testing
in XP is, that developers have to write tests for their own source code. Based on psychological reasons, developers are not motivated in spending time for their own tests in
order to find their own bugs. They prefer programming new functionality. In addition,
a programmer who implements a fundamental or conceptual design error is not able to
write a test that discovers this mistake, since she is not able to psych the issue caused by
herself [SLS06, p. 29ff]. A dedicated test team has less knowledge about the test object
but can enhance the test quality since the team has an unbiased view on the problem
domain [SLS06, p. 29ff]. XP mainly focuses on component tests during the development
process. In general XP does not provide a systematic approach for creating test cases
[SW07b, p. 35].
Because Testing is an important and vast element in the software development process,
it would go beyond the scope of the present work to explain every facet in detail. For
further consideration it will be assumed, that the practice Testing is a process which
consists “[...] of the dynamic verification that a program provides expected behaviors on
a finite set of test cases, suitably selected from the usually infinite execution domain.”
[BF14, p. 82]. The specific implementation of the process is not going to be part of
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further observations in order to allow a generalization of the practice. For the rest of
the elaboration it will be assumed, that the practice Testing is applied in a proper way.
This means that team members are motivated to define and execute sound, useful and
efficient test cases. According to the 9th annual “State of Agile Survey” by VersionOne,
Unit Testing is used by 65 % of the survey participants, Test Driven Development by 34
% and Automated acceptance testing by 24 %.
Impact on Vigilance
The usage of (automated) Testing increases Vigilance. The execution of tests on a regular
basis identifies defects and bugs frequently and has the advantage, that the point in
time when a defect appeared can be determined. It is possible to trace back which
specific changes caused the defect. This additional information makes bug fixing more
convenient. The efficiency of these methods is strongly influenced by the quality of applied
test methods, test cases and evaluation of results. The fact that no errors have been found
does not prove that no errors exist, but rather that no test case exist which is able to
discover an error in the software product. If team members are not motivated to define
sound and effective test cases, the practice Testing will not have any positive effect.
Rather it will create an illusion of Vigilance and give a false sense of security. But if
applied properly, it is one of the key practices in order to create awareness for the actual
(technical) status of the software product and its source code (quality). Testing increases
Vigilance.
Impact on Decisiveness
No significant impact detected.
Impact on Reactivity
Testing increases Reactivity. In the context of XP it can have a negative effect as well.
XP prescribes, that the development of new features or components is not allowed until
all test cases are passed successfully [Bec00, p. 118]. In case requirements given by the
customer changed, or the customer defined new requirements, the team is not allowed to
start working on these if there are any unfixed errors detected by tests. This can impede
further development and decrease Reactivity. However, the benefit achieved through
(automated) Testing prevails. When the development team is encouraged to test on a
frequent and regular basis, the team can provide a stable and fully functioning version of
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the software every time the tests and all RTs passed. It is easier to begin implementation
work on a solid and functioning code basis. A reasonable application of test methods and
a sound definition of test cases and scenarios are the prerequisite for a positive impact on
Reactivity.
Impact on Optimization
No significant impact detected.

3.3.6. Refactoring
“Refactoring is the process of changing a software system in such a way that it does
not alter the external behavior of the code yet improves its internal structure.” [FB07,
p. xvi]. It improves the quality of the code and the software architecture [Mey14, p. 110].
Some refactoring methods can be implemented within minutes, some methods require
more time and have to be accomplished through small steps [Bec00, p. 107]. Examples of
reasons for refactoring are: a) “Duplicated Code”, b) “Long Method”, c) “Large Class”,
d) “Long Parameter List” [FB07, p. 75ff]. Examples of refactoring methods are: a)
“Replace Method with Method Object”, b) “Extract Superclass”, c) “Extract Subclass”
and d) “Remove Parameter” [FB07, p. 75ff]. According to the 9th annual “State of Agile
Survey” by VersionOne, Refactoring is used by 36 % of the survey participants [Ver14,
p. 9].
Impact on Vigilance
No significant impact detected.
Impact on Decisiveness
No significant impact detected.
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Impact on Reactivity
Fowler names several benefits of Refactoring: Refactoring improves the design of software,
makes the software easier to understand, helps to find bugs and helps to program faster
[FB07, p. 55ff]. Although Refactoring must not and cannot replace a good (architectural)
design in advance of implementation work, it can help to increase the comprehensibility of
source code as well as the architecture of the software. A well structured software product
and source code make it easier for developers to work on it and to react to change or new
features. That implies that the practice Refactoring (if properly applied to a reasonable
extent) enhances Reactivity.
Impact on Optimization
No significant impact detected.

3.3.7. Pair Programming
During Pair Programming (PP) two programmers work at one workstation. Both focus
on developing source code. The constellation of a team can change, even during one single
day [Bec00, p. 58f]. The person using the keyboard and mouse has to express her thoughts
aloud, the other person comments and helps to discover mistakes in the process. Partners
have to reverse roles regularly [Mey14, p. 106]. The basic idea of PP is to increase code
quality.
It is assumed that two developers working together on a single problem deliver a better
solution than one developer can do. Together with the fact that XP dictates the use of
PP explicitly, this assertion is criticized by various experts. Studies reveal, that the
application of PP can increase code quality but also increases development time [CW01,
p. 9]. Another issue mentioned by developers in a study conducted in a large enterprise,
is that social conflicts can be an obstacle when applying PP [BN08, p. 5]. The use of Pair
Programming can have a positive effect if accepted by developers and if applied properly
[Mey14, p. 107ff] [BT03a, p. 20]. According to the 9th annual “State of Agile Survey” by
VersionOne, Pair Programming is used by 21 % of the survey participants [Ver14, p. 9].
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Impact on Vigilance
Because two programmers work at the same time at one computer and develop code
together, the chance that one developer produces erroneous code is lower since both
developers are checking the result permanently. PP increases Vigilance to a limited and
local extent.
Impact on Decisiveness
No significant impact detected.
Impact on Reactivity
If applied properly and accepted by the development team, PP increases Reactivity within
a project, since there are at least two programmers who know the program code they
produced. There is no dependency on only one specific person in case the code has to be
updated or modified and is not understood by other developers. It is easier to maintain
and to extend code.
Impact on Optimization
No significant impact detected.

3.3.8. Collective Ownership
“Collective code ownership spreads responsibility for maintaining the code to all the programmers.” [SW07a, p. 191]. One result of Collective Ownership can be better code quality, since every developer also has to care about code (quality) written by other developers.
Anybody who notices errors in the code has the responsibility to fix it, regardless by whom
it was written [SW07a, p. 191f] . The application of Collective Ownership requires commitment, discipline and good communication skills by the whole team. Knowledge silos
(knowledge areas only understood by one or few developers) can be minimized. If only
one programmer has crucial knowledge regarding one specific code area but is not available, the team is stock if changes to this area have to be made. Collective Ownership can
also foster learning in development teams. Since every team member is responsible for
every part of source code, they have to make themselves familiar with many facets of the
product [Coh10, p. 160f]. The advantage of the practice is, that every developer has the
permission and obligation to enhance source code at any time when it is possible and safe
[Mey14, p. 59f].
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Problems resulting from a Collective Ownership are the risk to damage existing and
functioning code as well es bloating source code [Mey14, p. 101f]. These risks can be
reduced by using an appropriate amount of tests [Bec00, p. 99]. Shore and Warden
note, that because of the spread and shared responsibility none of the developers could
feel responsible for one specific part of code at all [SW07a, p. 194]. Alternatives to
Collective Ownership are Strong code ownership (code is divided into modules, each of
them assigned to one specific person) and Weak code ownership (every module is assigned
to one person that acts as supervisor of the module and monitors all work related to it)
[Fow06a]. According to the 9th annual “State of Agile Survey” by VersionOne, Collective
code ownership is used by 27 % of the survey participants [Ver14, p. 9].
Impact on Vigilance
The overall attention of the team members is increased by Collective Ownership. Developers check and enhance code which is not written by themselves and take care of
many aspects of the software. A prerequisite is, that developers take the responsibility
seriously. If this is the case, Collective Ownership increases Vigilance because developers
are familiar with the whole source code.
Impact on Decisiveness
No significant impact detected.
Impact on Reactivity
Collective Ownership can enhance source code quality because every developer is allowed
to refactor and improve source code when reasonable. The result can be a better and
cleaner code basis. The time which is needed to start working on new features can
be decreased. In contrast source code can be bloated. This makes it more difficult to
maintain code. If developers are aware of this risk and avoid it by cleaning up old,
bloated or unused code, the positive effect of the practice Collective Ownership prevails.
Collective Ownership increases Reactivity.
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Impact on Optimization
Collective Ownership is not a practice dedicated to Optimization. But with Collective
Ownership comes collective responsibility which implies that developer are familiar with
code not developed by themselves only. This fosters learning which again results in
Optimization.

3.3.9. Continuous Integration
Integration is the “[...] process of combining software components, hardware components,
or both into an overall system.” [Int10, p. 181]. Continuous Integration (CI) is combining the components to an overall system on a frequent basis. Every developer has to
integrate the changes at least daily [Fow06b]. Usually the execution of all predefined test
cases precedes the integration process [Mey14, p. 103]. Often a dedicated CI server is
used which then executes testing and integration tasks automatically. By using CI, the
development team will receive immediate feedback. “Continuous Integration can help to
reduce assumptions on a project by rebuilding software whenever a change occurs in a
version control system.” [DMG10, p. 24]. Typical steps using CI are [DMG10, p. 5]:
1. The CI server frequently polls for changes.
2. Developers commit code to the Version Control System (VCS).
3. The CI server detects the changes and executes the automated tests and build scripts
in order to integrate the software.
4. Feedback is provided.
CI attempts to avoid a “Big Bang” approach. A “Big Bang” approach is the integration
of components at the end of the development process. In most cases this will cause a
rework [Mey14, p. 103]. CI is an approach which helps to reduce risks. Risks are a) “Lack
of cohesive deployable software”, b) “Late defect discovery”, c) “Low-quality software”
and d) “Lack of project visibility” [DMG10, p. 30]. Integrating on a regular basis (e.g.
many times a day) can facilitate the detection of defects, since tests have to be executed
as well [DMG10, p. 29].
The benefit of CI depends on the quality of tests and configuration of the CI server. Bad
or incomplete test cases will not discover defects during automated integration. Another
drawback of CI for bigger and complex software is, that it may take a long time. Since the
amount of automated tests with project growth increases, more tests have to be executed
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during the course of the project [Mey14, p. 104]. Meyer emphasizes that the main focus
should not lie on the amount of integrations, but rather on the general awareness of
the developer to execute tests locally before committing the code into the VCS [Mey14,
p. 105].
XP prescribes the integration of source code several times per day [Bec00, p. 97f].
The duration of the integration process including automated tests shall be as short as
possible. In case a development task has to be split into two smaller tasks in order to
be integrated, XP explicitly accepts this circumstance [Bec00, p. 99]. When developers
commit defective code into the VCS, all other developers will checkout the defective
version, too. Since it takes some time until the CI server recognizes the changes and
executes all integration tests, an error is not immediately visible to the team. When the
build is broken, it can take time until the team is able to commit more features and execute
the automated integration and build process again. A manual integration is an alternative
to an automated CI process. But this method increases the risk, that developers don’t
perform or forget to perform the integration tasks [DMG10, p. 86f]. According to the 9th
annual “State of Agile Survey” by VersionOne, Continuous Integration is used by 50 %
of the survey participants.
Impact on Vigilance
By using CI, deployable software is generated on a frequent basis. This enhances the
project visibility and reduces risk since an integration demands also the execution of
tests. Defects can be found and fixed sooner. The “health” of the software is monitored
and visible to the development team [DMG10, p. 30f]. CI is a practice which increases
Vigilance but is also dependent on “3.3.5 Testing”.
Impact on Decisiveness
No significant impact detected.
Impact on Reactivity
CI increases Reactivity. “The teams that use continuous integration effectively are able
to deliver software much faster, and with fewer bugs, than teams that do not. Bugs are
caught much earlier in the delivery process when they are cheaper to fix, providing significant cost and time savings.” [DMG10, p. 56] Since bugs are going to be detected early,
the team can react faster. Furthermore CI helps to keep a functioning build which is a
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good development basis when new or modified requirements have to be implemented. The
delivery to the customer does not mean further effort since the same building mechanisms
were used during the development process all the time. One drawback of automated CI is,
that a single developer will decelerate the performance of the team in case erroneous code
was committed to the VCS. The danger of manual CI is, that developer forget to do it or
procrastinate it permanently which gives a false sense of security. Besides these risks, the
application of CI is a reasonable practice and decreases the time the development team
needs to react to defects caused by error-prone code. The benefits of the practice prevail,
when applied properly.
Impact on Optimization
No significant impact detected.

3.3.10. 40-Hour Week
A 40-Hour Week limits the maximum working time per week in order to guarantee that
developers are “[...] fresh and eager every morning [...]” [Bec00, p. 60]. Beck emphasizes,
that the limitation to exactly 40 hours of work per week is rather a suggestion than an
absolute truth and that it depends on the tolerance of developers. The more tolerant
a person is, the more concentrated hours that person can put into a project per week.
In addition he states, that sufficiently rested developers are very important: “[...] if the
team doesn’t stay fresh and energetic, then they won’t be able to execute the rest of the
practices.” [Bec00, p. 68]. Tired and exhausted employees won’t be able to deliver the same
quality of work as recovered employees. Furthermore it is well known, that permanent
overtime and stress can cause diseases and should be avoided under all circumstances.
Because the proper limitation of working hours depends on the job position and person
itself, this practice will be renamed into Weekly Hours Limitation for further elaboration.
Impact on Vigilance
Permanent exhaustion results in reduced Vigilance, since the attention is lower when
persons are tired. Therefore a Limitation of weekly hours increases Vigilance.
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Impact on Decisiveness
Permanent exhaustion results in reduced Decisiveness, since the process of thinking is
slowed. That increases the time needed for decision making. A Limitation of weekly
hours increases Decisiveness.
Impact on Reactivity
Although permanent exhaustion results in worse working performance, it has no direct
impact on the circumstances which are the cause for preparation work that has to be done
before starting work on a task or requirement. The impact is considered as none.
Impact on Optimization
No significant impact detected.

3.3.11. On-site Customer
The practice On-site Customer prescribes that a customer or customer representative is
permanently available to the development team. The customer has to be a person who
is going to use the final system and is able to give adequate feedback as well as proper
requirements [Bec00, p. 60f]. The customer tells the development team how she intends
to use the software product. Beck states, that an On-Site Customer can also produce
value by writing functional tests [Bec00, p. 69]. An objection to the practice On-site
Customer is, that only in rare cases an organization can provide a full time representative
to the development team. But in most cases this representative is not needed 100 % of
her time, or she does not have the privileges for making decisions concerning features
and requirements. Furthermore it is unrealistic that a single person has the ability to
represent all needs of all relevant stakeholders [Mey14, p. 83]. Shore and Warden suggest
a product manager or domain expert as fallback in case a customer representative is not
available [SW07a, p. 124].
Impact on Vigilance
Embedding a customer, customer representative or real user of the final system into the
development team has several benefits. Sometimes the team is involved with the project
(on a technical level) so deeply, that the members get a tunnel vision and loose track of
what the customer really needs [SW07a, p. 122]. An On-Site Customer or representative
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can help, since she works with the development team and can review the progress and give
feedback frequently. In case the team misunderstood requirements and works on tasks
which are not demanded by the customer, she can notice early and inform the team on
time. An On-Site Customer is the primary source of requirements. The practice On-Site
Customer increases Vigilance.
Impact on Decisiveness
An On-Site Customer “[...] can produce value for the project by making small-scale
priority and scope decisions for the programmers.” [Bec00, p. 69]. “In an XP team, Onsite Customers are responsible for choosing and prioritizing features.” [SW07a, p. 121].
The team has a dedicated contact person, who can answer questions regarding unclear
features or prioritization of requirements. Communication paths are short. Prerequisite
is, that the contact person needs to have the required competences and privileges to make
the decisions needed for further development. If this is the case, the practice On-Site
Customer increases Decisiveness.
Impact on Reactivity
No significant impact detected.
Impact on Optimization
No significant impact detected.

3.3.12. Coding Standards
XP advises to use Coding Standards. A Coding Standard is a defined style of writing source
code with respect to specific rules elaborated and accepted by the development team. One
reason for this advice is that developers change partners often and work on different parts
in the source code frequently. The practice has to be adopted voluntarily by the whole
development team to be efficient [Bec00, p. 61]. The purpose of Coding Standards is
to make source code more readable and easier to maintain. Because “Programmers are
deeply individualistic [...].” [Bec00, p. 69], every programmer has her own style of thinking
and writing program code which results in different styles. It takes longer to read code,
that is written in an unusual style than reading code written in a familiar style.
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It is recommended to introduce Coding Standards already at the first iteration and use
an industry-standard style guide as basis [SW07a, p. 134]. Good or clean code is code,
that is “elegant”, “focused” and proves “efficiency” and “readability” [Mar09, p. 7ff].
Examples for Coding Standards are [Mar09]:
1. Meaningful Names (for variables and functions)
2. Functions (and their design)
3. Comments (and style of comments)
4. Formatting (and indents)
5. Objects and Data Structures
6. Approaches for Error Handling
7. Design of Tests
Because of the individuality of every programmer, this practice will only have a positive
effect if accepted by every team member. Resistance to acceptance of Coding Standards
can end in long discussions which will not result in benefits but a waste of development
time [SW07a, p. 134]. According to the 9th annual “State of Agile Survey” by VersionOne,
Coding Standards are used by 43 % of the survey participants [Ver14, p. 9].
Impact on Vigilance
No significant impact detected.
Impact on Decisiveness
No significant impact detected.
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Impact on Reactivity
Coding Standards do not only include sound naming for variables and functions. One
example of clean code is that “[...] statements within [a] function are all at the same level
of abstraction.” [Mar09, p. 36] This advice concerns the architectural design as well. If
applied properly, the practice Coding Standards can increase Reactivity. If all developers
committed to one single Coding Standard, everybody will get used to this style. Developers
will be enabled to read code written by teammates faster and will be able to navigate in
source code easier. The result will be a lower reaction time. Coding Standards increase
Reactivity.
Impact on Optimization
No significant impact detected.

3.4. Practices of Scrum
The official Scrum Guide does not define separated practices but roles, events and artifacts
[SS13]. The practices used in Scrum have to be elaborated from the activities executed by
the different roles during various events utilizing different artifacts. The following sections
describe the assessment of the impact of practices included by Scrum on the dimensions of
agility: Vigilance, Decisiveness, Reactivity and Optimization. This assessment is required
in order to determine whether a practice has an impact on agility.

3.4.1. Sprint Planning
During a Sprint Planning the whole development team plans which high prioritized items
are going to be implemented in the upcoming iteration. It is a time boxed meeting. The
length of the meeting depends on iteration length and answers two questions [SS13, p. 8ff]:
1. “Topic one: What can be done this Sprint?”
2. “Topic Two: How will the chosen work get done?”
Only the development team decides based on capacity and on past performance which
and how many items from the Product Backlog will be added to the Sprint Backlog and
implemented in the next iteration. The selected items shall build one coherent function,
the Sprint Goal, which describes the purpose of the iteration. In specific situations, items
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with lower priority are also chosen for the next iteration because they thematically fit to
the defined Sprint Goal [GH15, 94]. The Sprint Goal is used by the team to stay focused on
the tasks that are needed in the current iteration in order to achieve the described Sprint
Goal. During a Sprint Planning the development team elaborates a design for the selected
items, estimates the tasks and activities that are needed for implementation and adds them
to the Sprint Backlog. During estimation phase, all participants discuss various aspects
of the selected items. Examples for aspects are complexity, testing, existing solutions or
former experience of team members regarding required tasks.
If the team is not focused, conversations in the Sprint Planning Meeting can get out of
control and end in deep technical talks which do not foster any decision-making regarding
the items that have to be selected for the upcoming iteration. The term Iteration Planning
instead of Sprint Planning will be used for further considerations in order to keep a
general phrasing not bound to one specific agile methodology. According to the 9th
annual “State of Agile Survey” by VersionOne, Iteration Planning is used by 71 % of the
survey participants [Ver14, p. 9].
Impact on Vigilance
During an Iteration Planning all team members discuss various facets of high prioritized
requirements. Different point of views are considered during the discussion (e.g. programmers, testers and designers). This comprehensive observation increases Vigilance.
The conversation about the items is not limited to one single aspect and gives a complete
overview of all relevant steps needed in order to implement a story.
Impact on Decisiveness
If the development team is focused on planning the next iteration and does not drift
off into endless technical discussions, an Iteration Planning increases Decisiveness. The
meeting itself is time boxed. That means that the amount of time for making decisions
regarding items, which will be realized in the current iteration, is limited. If the team
is aware of this fact, the practice Iteration Planning Meeting can enhance Decisiveness
since it compels decision-making for the current iteration.
Impact on Reactivity
No significant impact detected.
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Impact on Optimization
No significant impact detected.

3.4.2. Backlog Management
The “[...] Product Backlog is an ordered list of everything that might be needed in
the product and is the single source of requirements for any changes to be made to the
product.” [SS13, p. 12]. A Backlog Owner is the person responsible for the artifact Product
Backlog and the only person allowed to modify it. In Scrum, this person is the “3.4.7
Product Owner”. The responsibilities of a Backlog Owner are [SS13, p. 5]:
1. To create and express the Backlog items
2. To create a prioritized list based on the value of the items for the customer
3. Provide support in case items are not clear to the development team
A Product Backlog is not a replacement for traditional requirements documentation
[Coh10, p. 254]. Often User Stories are used as Backlog Items. A User Story is a written
description of functionality that can be tested and that is valuable to a user of the software
system [Coh04, p. 4]. Backlog Refinement is an ongoing process which is performed
by the Product Owner and the development team. During Backlog Refinement items
are reprioritized and enriched with details by the Backlog Owner and estimated by the
development team. High prioritized items are placed at the top of the Product Backlog.
The Product Backlog is visible to the whole development team. Items which are chosen
for the current iteration are added to the Iteration Backlog and removed from the Product
Backlog. According to the 9th annual “State of Agile Survey” by VersionOne, Prioritized
backlogs are used by 79 % of the survey participants [Ver14, p. 9].
Impact on Vigilance
The Product Backlog is visible to the whole development team. Although it is part of the
Backlog Owner’s responsibility to formulate clear and independent items, the development
team can help to spot dependencies and obscurities. The practice increases Vigilance,
since the result is an ordered list of high prioritized requirements. This list is available to
every developer, so that every developer is aware of next steps which have to be done in
the course of the project.
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Impact on Decisiveness
Permanent Backlog Management decreases required decision time. Since the Backlog
Owner’s task is to update the Product Backlog frequently, the backlog always represents
a list of items that have to be implemented next. In case the customer decides to skip
a requirement the team is currently working on, further prioritized items are available
for being picked by the development team. The practice Backlog Management increases
Decisiveness by making decisions regarding requirements proactively.
Impact on Reactivity
No significant impact detected.
Impact on Optimization
No significant impact detected.

3.4.3. Definition of Done
A Definition of Done defines when a story or item developed by the development team is
“Done”. “Done” means, that predefined tasks have been accomplished and that the item
can be integrated into the product [SS13, p. 15f]. Examples for tasks are “ [...] coded,
tested, checked-in, well-written, integrated, and has automated tests [...]” [Coh10, p. 259].
A consistent definition, which is valid for all team members, as well as its application to
every story is demanded in order to measure progress [Mey14, p. 125]. The purpose of
the practice is the reduction of errors and issues which appear because of omitted tasks.
Impact on Vigilance
In case the team elaborated a sound Definition of Done, which is accepted by all members,
it raises the awareness of what has to be done in order to complete a story. Therefore this
practice increases Vigilance. Activities which have been forgotten will be revealed while
checking the tasks defined in the Definition of done.
Impact on Decisiveness
No significant impact detected.
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Impact on Reactivity
Since all important tasks which have to be accomplished in order to complete an item
have to be defined in the Definition of Done, this practice can increase Reactivity. Tasks
which can enhance quality and integrity (e.g. “tested”, “integrated”, “automated test”)
ensure that every developed element is functional, and that no fundamental part has been
forgotten. This results in a better code basis. When only fully implemented items and
packages are integrated into the software product, it is easier for the development team
to react to change. The practice Definition of Done can decrease the time needed to react
to change and therefore increases Reactivity. Its efficiency is dependent on the quality of
tasks defined by the development team.
Impact on Optimization
No significant impact detected.

3.4.4. Scrum Master
“The Scrum Master is responsible for ensuring Scrum is understood and enacted” [SS13,
p. 6]. The role of a Scrum Master is often called Servant Leader. She is a coach who
helps to follow the Scrum practices and rules and gives advices to the whole team [Coh10,
p. 117]. One of the main tasks of the Scrum Master is to remove impediments [Mey14,
p. 84]. Impediments are obstacles of technical, social, or managerial nature which prevent
the team from making progress and are identified by the team or the Scrum Master.
Examples of further Scrum Master’s tasks are: a) Planning Scrum events (e.g. “3.4.9
Daily Meetings”), b) coaching the team in self-organization, c) assisting and coaching the
“3.4.7 Product Owner” [Wir11, p. 41]. Although Scrum prescribes that Scrum Master is
a dedicated role which is not allowed to share other responsibilities (e.g. develop source
code), this rule is not considered as useful in every situation [Mey14, p. 85ff].
The practice Scrum Master will be referred to as Active Optimization during further
investigation in order to keep a general term which is not bound to a specific agile methodology.
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Impact on Vigilance
One of the Scrum Master’s tasks is to detect obstacles and impediments in the development process. Obstacles and impediments can be of technical, social or managerial nature.
Since the detection of these obstacles is the main responsibility of a Scrum Master, she
increases Vigilance in these areas.
Impact on Decisiveness
Although a Scrum Master is not seen as a member of the development team but rather
as a coach who has no privileges to direct team members and no authorization to make
decisions [Coh10, p. 118], she can increase Decisiveness. In case team members discuss a
(technical) problem for too long without a resulting decision, the Scrum Master can help
by inducing a decision. In difficult cases she even can make the decision. A prerequisite
for this approach is, that the team accepts this exception of decision making [Wir11,
p. 41].
Impact on Reactivity
No significant impact detected.
Impact on Optimization
The Scrum Master’s tasks are to improve the development process used by the software
development team by removing impediments. Impediments can be of different nature. An
impediment can be a lack of information (e.g. “3.4.7 Product Owner” does not provide
sufficient information to the development team). Executing the tasks of a Scrum Master
increases Optimization. By optimizing the agile process, the Scrum Master has indirectly
influence on the team’s Vigilance, Decisiveness and Reactivity.

3.4.5. Sprint Review
The Sprint Review is a time-boxed meeting held at the end of every iteration [SS13,
p. 11]. During the meeting the team presents the produced increment, problems which
occurred during development and solutions to all relevant stakeholders. In addition the
team explains which features haven’t been implemented. Stakeholders provide feedback.
After presentation all stakeholders including the “3.4.7 Product Owner” collaborate and
attempt to determine which features have to be changed or implemented next. The
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meeting itself is not a demo, but rather a planning meeting and is focused on results, not
on the development process [Mey14, p. 99]. For the development team (and in particular
for the “3.4.7 Product Owner”) the Sprint Review is one of the main ways for gathering
feedback [Max13, p. 173]. An essential part of the Sprint Review is the discussion of the
current Product Backlog and its refinement. “The result of the Sprint Review is a revised
Product Backlog that defines the probable Product Backlog items for the next Sprint.”
[SS13, p. 11].
In order to keep a general naming independent from any concrete agile methodology,
this practice will be renamed into Iteration Review for further elaboration. According to
the 9th annual “State of Agile Survey” by VersionOne, Iteration Reviews are used by 53
% of the survey participants [Ver14, p. 9].
Impact on Vigilance
The practice Iteration Review enhances Vigilance. During an Iteration Review all relevant
stakeholders give useful feedback concerning the current state of the software product.
New or changed requirements can be identified by using this practice. But also defects can
be detected, since stakeholders are allowed to use the product increment for themselves.
A drawback of this practice is, that it is time consuming because every opinion of relevant
stakeholders has to be considered. This can lead to inattention among participants during
an Iteration Review.
Impact on Decisiveness
“The result of the Sprint Review is a revised Product Backlog” [SS13, p. 11]. The output
of the Iteration Review is feedback which is needed as new input for Iteration Planning.
The fact, that this meeting is time-boxed, fosters Decisiveness. At the end of the review
the decisions for changes and new functionality have to be made. The difficulty in achieving that, is to consider all opinions from all relevant stakeholders. The discussion and
collaboration of the stakeholders increase Decisiveness.
Impact on Reactivity
No significant impact detected.
Impact on Optimization
No significant impact detected.
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3.4.6. Cross-Functional Team
All scrum teams have to be cross-functional [SS13, p. 4f]. That means, that the team
has to have all the (technical) competencies and skills required to work on the software
project and to create a product increment [SS13, p. 4f]. That implies, that the team is
not dependent on other teams or external experts. Instead of splitting developers into
separated teams (e.g. a programmer team, a testing team and a design team), a project
team is a multidisciplinary team consisting of programmers, testers and designers which
are responsible for all tasks needed in order to achieve the goal of the project [Coh10,
p. 253]. A prerequisite is, that developers are interchangeable [Mey14, p. 102].
The practice Cross-Functional Team enables any developer to “[...] go to the task list
and pick the next task.” [Mey14, p. 81]. One benefit is, that knowledge about a particular
part of the source code is not only available to one person. This reduces risk in case a
specific person is not available to the team. In theory, any developer in a cross-functional
team has the competence to work on any part of the software.
Especially large and complex projects need high competence in different areas in order
to cover all functions needed to deliver the product [LV09, p. 198f] [Mey14, p. 102].
Although a Cross-Functional Team enhances learning and the skills of individuals, this
practice does not satisfy the need for specialists (e.g. hardware, firmware or database
specialist). Depending on the task which has to be done, it can be more effective to let a
specific task be done by an external expert instead of an unqualified developer. But stable
teams have up to 60 % better productivity [CA 15, p. 5]. So the balance between available
competencies in a Cross-Functional Team and external experts is challenging. According
to the 9th annual “State of Agile Survey” by VersionOne, a Single team (integrated dev
& testing) is used by 46 % of the survey participants [Ver14, p. 9].
Impact on Vigilance
A Cross-Functional Team consists of members which have all skills and knowledge needed
to develop the software. This fact increases Vigilance. On the other side, the practice
Cross-Functional Team prevents the emergence of high competence since it prescribes
that every team member has to be aware of every aspect of the software product: e,g. the
source code but also “3.3.5 Testing” or databases. This decreases Vigilance since obstacles
or opportunities which require a high competence cannot be detected. The positive and
negative impact of a Cross-Functional Team on the dimension Vigilance counterbalance
each other. The impact of this practice is considered as none.
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Impact on Decisiveness
No significant impact detected.
Impact on Reactivity
One underlying idea of a Cross-Functional Team is, that developers are interchangeable.
When a developer responsible for a specific part of code is not available, the team does
not have to wait for that person. Another developer has the competence and knowledge
to accomplish the task as well. Therefore the practice Cross-Functional Team increases
Reactivity. Although in some cases a high competence is required, these situations are
rarer compared to situations of everyday business. The positive impact of the practice
prevails.
Impact on Optimization
If applied properly, the practice Cross-Functional Team increases learning. Developers
learn from different areas (e.g. a programmer learns from a tester and a tester learns from
a programmer). This results in better ways of working together. A Cross-Functional Team
increases Optimization.

3.4.7. Product Owner
“The Product Owner is responsible for maximizing the value of the product and the
work of the development team. [...] The Product Owner is one person, not a committee.”
[SS13, p. 5] and makes sure that the team “is aimed at the right goal” [Coh10, p. 125]. She
represents the needs and wishes of all relevant stakeholders, decides on product functions
and communicates them to the development team [SS13, p. 5] [Sch04, p. 6]. In Scrum,
this is accomplished by the usage of a Product Backlog which is prioritized by the Product
Owner on a regular basis through “3.4.2 Backlog Management” [Mey14, p. 80]. The
Product Owner also sets priorities, incorporates feedback, reviews work which is done and
leads the iteration demo which shows the new developed functionality [SW07a, p. 31].
Her duties do not include steering or controlling the development team. In case the
development team did not fully understand a requirement, she is the contact person who
is able to provide further details. Sometimes the Product Owner is compared to a Product
Manager [SW07a, p. 30]. The Product Owner is the most important role in Scrum since
she “possesses” the software product and has to make all decisions concerning functionality
[Max13, p. 167]. Attributes of a good Product Owner are: [SW07a, p. 31f]

Examination of Practices

73

• Deep understandings of the markets
• Intuitive understanding of the software product
• Has a vision of the software product
• Has the authority and competence to make difficult decisions
According to the 9th annual “State of Agile Survey” by VersionOne, a Dedicated product
owner is used by 48 % of the survey participants [Ver14, p. 9].
Impact on Vigilance
The Product Owner meets with the customer on a regular basis. This enables her to
gather feedback and new or modified requirements. The Product Owner is the person
who monitors the whole software product and knows its capabilities as well as features
that are going to be implemented. She has to prioritize new requirements and therefore
has to consider many aspects of the project. To have a Product Owner increases Vigilance,
in particular the Vigilance concerning requirements given by the customer.
Impact on Decisiveness
While the “3.4.4 Scrum Master” is the person responsible for removal of impediments and
obstacles which appear on the way towards predefined goals, the responsibility of a Product
Owner lies in targeting these goals [Coh10, p. 125f]. Therefore the Product Owner has
to make various decisions, in particular concerning new or modified requirements quickly
and frequently. The practice Product Owner increases Decisiveness.
Impact on Reactivity
One of the Product Owner’s tasks is the constant prioritization of the Product Backlog.
In case requirements change or the actual ones are not important anymore, a clean and
prioritized backlog can increase Reactivity since the next important features and requirements are ready for the development team. Since this major impact of a Product Owner
on Reactivity is achieved through prioritizing requirements, this effect is not taken into
consideration here but was already considered during the examination of “3.4.2 Backlog
Management”. The practice Product Owner has no direct impact on Reactivity.
Impact on Optimization
No significant impact detected.
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3.4.8. Retrospective
Different types of retrospectives exist: Releases and project Retrospectives [DL06, p. 127ff]
and iteration retrospective which is the most common retrospective [SW07a, p. 94]. Releases and project Retrospectives are not going to be considered in the present work, since
Scrum defines only a Sprint Retrospective [SS13, p. 12f]. A Sprint Retrospective is an
Iteration Retrospective. An Iteration Retrospective is a time-boxed meeting which gives
the team the chance to identify elements which went well during the last iteration and aspects that should be improved for the next development cycle. Examples for retrospective
goals are [DL06, p. 17]:
• “Find ways to improve our practices.”
• “Discover what we were doing well.”
• “Understand reasons behind missed targets”
• “Find ways to improve our responsiveness to customers”
• “Rebuild damaged relationships”.
Examples for activities that can be used in order to get insights for the last iteration
are Brainstorming, Force Field Analysis or Five Whys. During a Force Field Analysis the
“team defines a desired state they want to achieve”. Therefore the team identifies and
assesses the factors which restrain or drive the change and decide which factors can be
influenced [DL06, p. 81]. Five Whys is an asking technique where a person asks another
person or group why an issue occurred. In response to the answer, the questioner asks
again why it happened. The answers that came out of the fourth and fifth questioning
have to be noted and analyzed by the team [DL06, p. 86]. While the development team
and Scrum Master have to be present at the Retrospective, the presence of the Product
Owner is optional [Sch04, p. 138]. The result of a Retrospective is a plan for implementing
the elaborated measures in order to improve the development process [Mey14, p. 99].
One risk of conducting Retrospectives is, that the discussions can end up in blaming and
arguing among team members [SW07a, p. 98]. According to the 9th annual “State of
Agile Survey” by VersionOne, Retrospectives are used by 69 % of the survey participants
[Ver14, p. 9].
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Impact on Vigilance
The focus of discussions during a Retrospective lies on obstacles and opportunities the
team was faced with during the last iteration. Although the team is talking about events
which happened in the past, these discussions also increase Vigilance for the future because
obstacles or opportunities which occurred in the past can reappear in the future. Hence
the negative impact of obstacles can be prevented if they reappear. A Retrospective
increases Vigilance.
Impact on Decisiveness
No significant impact detected.
Impact on Reactivity
No significant impact detected.
Impact on Optimization
A retrospective has significant impact on the dimension Optimization. In a retrospective
meeting the team members discuss obstacles and opportunities they perceived during the
iteration. The elaborated countermeasures or measures and their implementation are the
basis for improving Vigilance, Decisiveness and Reactivity. A Retrospective is a practice
dedicated for learning, improvement and Optimization.

3.4.9. Daily Meetings
“The Daily Scrum [meeting] is a 15-minute time-boxed event for the development team to
synchronize activities and create a plan for the next 24 hours.” [SS13, p. 10]. The meeting
is also called Stand-up meeting, “ [...] because one of the original ideas was to make sure
the meeting does not last long.” [Mey14, p. 91]. The meeting is held every day at the
same time and same place, mostly at the beginning of the working day [SW07a, p. 130f].
Every member of the development team briefly explains what she achieved since the last
daily meeting, what she will do until the next daily meeting, and what impediments she is
faced with. Shore and Warden explicitly emphasize: “The primary virtue of the stand-up
meeting is brevity.” [SW07a, p. 131]. The meeting itself is used as “short status report”
where members make commitments to each other instead of discussing technical issues
[Mey14, p. 91].
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A drawback of stand-up meetings is, that they interrupt the workday [SW07a, p. 132].
Sometimes people are late, or participants “disrupt the smooth flow of the stand-up.”
[SW07a, p. 132]. This can result in meetings lasting longer than fifteen minutes with
less information exchange or outcome. In some cases participants are too brief and skip
relevant information. According to the 9th annual “State of Agile Survey” by VersionOne,
Daily standup meetings are used by 80 % of the survey participants. They are the most
common and most often applied agile practice [Ver14, p. 9].
Impact on Vigilance
Because every member of the development team reports the status and impediments of her
work, this practice increases Vigilance. Problems are noticed on a daily basis. Running
into obstacles can be reduced. The team is aware of issues and challenges concerning
the development of the software product. On the other hand Daily Meetings can reduce
Vigilance in case the team reduces communication besides Daily Meetings. If not all
team members are located in the same room or office, it may happen, that the exchange
of urgent information is postponed until the next Daily Meeting [SW07a, p. 133]. If
attendees are aware of this risk, the positive effect of the practice will prevail.
Impact on Decisiveness
Every member of the development team gets the status of the project on a daily basis.
Team members as well as the “3.4.7 Product Owner” have a better knowledge for making
decisions. Daily Meetings can increase Decisiveness, they “[...] highlight and promote
quick decision-making [...]” [SS13, p. 11].
Impact on Reactivity
No significant impact detected.
Impact on Optimization
Sometimes a Daily Meeting can reveal impediments that block the software development
process. Impediments have to be discussed in a Retrospective usually, but it may be
appropriate to mention such impediments also in the Daily Meetings and react to those
afterwards or in a separate meeting. Using the Daily Meeting as starting point for these
issues can increase Optimization, although this impact on this dimension of agility is just
a positive side effect.
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3.4.10. Self-Organizing Team
“Self-organizing teams choose how best to accomplish their work, rather than being directed by others outside the team.” [SS13, p. 4]. The team is not directed by a manager
who prescribes how to work. The team has the freedom to choose the tools and methods
needed in order to accomplish the goal. A “3.4.4 Scrum Master” is not allowed to tell the
team how to create the product increments neither [SS13, p. 5].
The purpose of the practice Self-Organizing Team is to enable the team to adapt quickly
to new circumstances and to autonomously decide what has to be done next in order to
accomplish the defined tasks [Mey14, p. 80f]. This includes the choice of appropriate
technology (if not limited by other constraints). Although the practice prescribes that
no management instance is going to tell the team how to accomplish a goal, it does not
imply that there is no leadership at all [CH01, p. 2]. Instead the team gets a goal set by
management. Management and the “3.4.4 Scrum Master” are responsible for removing
obstacles which impede self-organization [Coh10, p. 220f].
The transition from a non-self-organizing team to a Self-Organizing Team is challenging [Sch04, p. 102ff]. There is risk, that the team members don’t fully understand the
concept of a Self-Organizing Team. People are used to be managed by other people in
projects [Sch04, p. 104f]. Therefore the application of the practice Self-Organizing Team
requires experienced and disciplined developers before it unveils its positive effect. Not
every developer is able to deal with the kind of freedom and responsibility given by selforganization.
Impact on Vigilance
Since the development team is responsible for the implementation of every task required
in order to fulfill the given goal, it also has the responsibility to make decisions. Obstacles, opportunities and changing goals will be detected through Vigilance in order to
make decisions. If the practice Self-Organizing Team is applied appropriately, it enhances
Vigilance.
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Impact on Decisiveness
A Self-Organizing Team is supposed not to be dependent on people outside the team.
This implies that all needed competencies (also the competence to make decisions) are
included by the team. Since management just defines the goal for the team, but does
not prescribe how to accomplish the goal, the internal decisions made by the team are
not dependent from the manager in most cases. When important decisions have to be
made, the team itself is responsible to do so and does not have to wait for a final answer
provided by a manager. The practice Self-Organizing Team fosters Decisiveness.
Impact on Reactivity
No significant impact detected.
Impact on Optimization
Team members organize and reorganize the way they work and methods they use according to what they have learned from their experience. A Self-Organizing Team increases
Optimization.

3.5. Weighting the Impact of examined Practices
The last sections described the analysis of software development practices and their impact
on dimensions of agility. Table A.1 on page 129 summarizes all examined practices and
shows whether a practice has an positive impact on a specific dimension of agility. No
negative impact of any practice on agility was noticed. For the purpose of ranking the
impact of practices on a dimension, the practices with impact on this dimension have to be
compared considering their efficiency among themselves. This comparison determines the
most efficient practices regarding agility. Furthermore this investigation helps to identify
indicators, which can be used for measuring the intensity of each dimension of agility.

3.5.1. Weighted Impact of Practices on Vigilance
The practices with the strongest impact on Vigilance are “3.3.1 The Planning Game”,
“3.3.5 Testing” and “3.3.11 On-site Customer”. During “3.3.1 The Planning Game” the
requirements given by the customer are going to be discussed from a business and a
technical point of view. While the customer wants as much items as possible to be planned
for a release, the development team estimates on basis of their technical expertise how
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much is feasible. The Vigilance of both parties is high. “3.3.5 Testing” provides a high
Vigilance concerning defects and correctness of the software. It is a method dedicated to
the detection of errors and therefore fosters high (technical) Vigilance. An “3.3.11 Onsite Customer” provides high Vigilance concerning new or modified requirements. The
customer communicates these to the development team immediately. No other practice
can capture and communicate requirements as fast as an “3.3.11 On-site Customer”. The
impact of all three practices on Vigilance is rated as high.
“3.3.9 Continuous Integration” is considered as less efficient than “3.3.5 Testing”. “3.3.9
Continuous Integration” will fail if source code is erroneous and untested. But tests do
not have necessarily to fail in case “3.3.9 Continuous Integration” failed. This relationship
implies that the practice “3.3.9 Continuous Integration” is dependent on “3.3.5 Testing”
and therefore will be rated as medium only.
The practices “3.4.5 Iteration Review” and “3.4.7 Product Owner” are also practices
mainly concerned with gathering feedback and new or modified requirements given by
the customer. But since both practices have a latency compared to an “3.3.11 On-site
Customer”, their impact on Vigilance is rated as medium only.
An “3.4.1 Iteration Planning” takes place at the beginning of an iteration. During
the meeting the team discusses which items will be implemented in the current iteration.
Therefore this practice is rated lower than the practice “3.3.11 On-site Customer” and
“3.3.5 Testing” which both have impact during the whole iteration, not only at the beginning. “3.4.9 Daily Meetings” are run on a daily basis, but only once per day and only
for 15 minutes. The impact is also considered as lower than “3.3.5 Testing”. As a result,
the impact of “3.4.1 Iteration Planning” and “3.4.9 Daily Meetings” on Vigilance is rated
as medium.
“3.3.10 Weekly Hours Limitation” supports and protects the wellbeing of every team
member. Sufficiently rested persons have a higher Vigilance and attention [Bec00, p. 66f].
Although a “3.3.10 Weekly Hours Limitation” has a positive impact on the quality of
execution of other practices, the impact on Vigilance is considered as medium only, since
it is an indirect impact. A low rating is inappropriate, since a totally exhausted team
would not be vigilant at all.
“3.3.2 Short Iterations” do not provide a direct impact on Vigilance but increase the
frequency of other practices like “3.4.1 Sprint Planning” or “3.4.5 Sprint Review” and
their positive effects. Because the practice “3.3.2 Short Iterations” only has an indirect
effect on Vigilance, the impact is rated as low, since the benefit of the practice is strongly
dependent from the application of other practices.
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Although a “3.4.8 Retrospective” optimizes the Vigilance of the development team indirectly by eliminating impediments and improving the process of agility, a direct and
immediate impact on Vigilance is not given. The impact of a “3.4.8 Retrospective” on
Vigilance is considered as low since the purpose of the practice is rather to enhance the
dimensions Vigilance, Decisiveness and Reactivity through Optimization. This consideration also applies to the practices “3.4.4 Active Optimization” and “3.4.10 Self-Organizing
Team”. The impact of all three practices on Vigilance is rated as low.
“3.3.8 Collective Ownership” and “3.3.7 Pair Programming” are related practices. The
effect of “3.3.7 Pair Programming” is “3.3.8 Collective Ownership” with just two persons.
But “3.3.8 Collective Ownership” is not a practice which fosters Vigilance actively. Using
“3.3.8 Collective Ownership” means that every team member is responsible for the whole
source code including defects. “3.3.8 Collective Ownership” passively increases the sense
for responsibility and reduces ignoring behavior of the team members. The result for
both practices is a minimal enhancement of Vigilance. The impact of both practices on
Vigilance is rated as low.
The practices “3.4.2 Backlog Management”, “3.3.3 Metaphor” and “3.4.3 Definition
of Done” are practices which contribute to each other. A “3.3.3 Metaphor” provides a
common language (basis) which is used to describe items in a Product Backlog. A “3.4.3
Definition of Done” is used to describe the mandatory tasks needed to finish an item.
Items are ordered by applying “3.4.2 Backlog Management”. Although the combination
of these practices is efficient, each practice considered in isolation has a low impact on
Vigilance. The result of weighting the impact of practices on the dimension Vigilance is
summarized in the table A.2 on page 130.

3.5.2. Weighted Impact of Practices on Decisiveness
To have an “3.3.11 On-site Customer” is identified as the strongest positive impact on
the dimension Decisiveness. An “3.3.11 On-site Customer” has to frequently decide which
features she wants and when she wants these to be implemented by the development team.
An “3.3.11 On-site Customer” can give immediate feedback to the development team, since
she is part of the team. This significantly increases Decisiveness. Although a customer
does not increase Decisiveness regarding technical aspects, her decisions influence all other
decisions since all development has to be adjusted to meet the given requirements. The
impact of the practice “3.3.11 On-site Customer” on Decisiveness is rated as high.
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While an “3.3.11 On-site Customer” can declare new or modified requirements at any
time, the practice “3.4.5 Iteration Review” allows decision making only at the end of an
iteration. Therefore the impact of the practice “3.4.5 Iteration Review” on Decisiveness
is lower than the impact of “3.3.11 On-site Customer” and is rated as medium.
The impact of “3.4.1 Iteration Planning” on Decisiveness is considered as lower than
the impact of “3.4.5 Iteration Review”. In an “3.4.1 Iteration Planning” meeting the
implementation of new or changed requirements is planned. Decision making during an
“3.4.1 Iteration Planning” is dependent on the feedback gathered through other practices like “3.4.5 Iteration Review”. Therefore the impact of “3.4.1 Iteration Planning” on
Decisiveness is lower than the impact of “3.4.5 Iteration Review” and rated as low.
Compared to an “3.3.11 On-site Customer”, a “3.4.7 Product Owner” cannot deliver
feedback, new requirements or decisions made by the customer to the team immediately
and directly. The “3.4.7 Product Owner” plays the role of a middleman. Because of this
the impact of this practice on Decisiveness is lower than the impact of an “3.3.11 On-site
Customer” and is rated as medium.
The result of “3.4.2 Backlog Management” is a prioritized Product Backlog with requirements valuable to the customer. This practice enables the development team to
be aware of the most important requirements at any time and therefore eliminates time
needed for deciding what task to do next. Although this method is considered as effective,
its impact on Decisiveness is lower than the impact of an “3.3.11 On-site Customer” since
it is dependent from gathering requirements first in order to be able to prioritize them.
The practice “3.4.2 Backlog Management” is rated as medium.
“3.4.4 Active Optimization” in the form of a Scrum Master has only a low but still
positive impact on Decisiveness since the Scrum Master is only allowed to decide in
situations in which the team members are not able to act or come to a decision by
themselves.
Team members of a “3.4.10 Self-Organizing Team” mange the way they work and
tools they use by themselves. A “3.4.10 Self-Organizing Team” does not have to wait
for decisions concerning these elements made by a manager. The result is a shorter
time needed for decision making. Since the impact of “3.4.10 Self-Organizing Team” on
Decisiveness concerns only the team internal approach and usage of tools, the positive
impact on Decisiveness is considered as low. Decisions concerning requirements still have
to be made in collaboration with the customer.
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“3.3.10 Weekly Hours Limitation” is a practice which is not dedicated to increase
Decisiveness, but it supports and protects the wellbeing of every team member. Besides
better Vigilance, the result is faster and better decision-making since sufficiently rested
persons take better decisions [Bec00, p. 66f]. However, the efficiency is considered as
medium only, since the impact on Decisiveness is just a positive side effect.
The practice “3.3.2 Short Iterations” does not have a distinct impact on Decisiveness
since it implicitly fosters Decisiveness by increasing the frequency of “3.4.1 Iteration Planning” and “3.4.5 Iteration Reviews” meetings. The impact of this practice on Decisiveness
is indirect and therefore considered as low.
“3.4.9 Daily Meetings” enhance the basis of knowledge needed for decision-making by
delivering an up to date project-status frequently. The practice allows to identify issues
during daily business and fosters decisioning. The meetings are time boxed, and have a
length of 15 minutes. This short time window does not allow complex discussions and
decisions. Therefore the impact on Decisiveness is rated as low only. Discussions and
decision making take place during other events. The result of weighting the impact of
practices on the dimension Decisiveness is summarized in the table A.3 on page 131.

3.5.3. Weighted Impact of Practices on Reactivity
The practice with the strongest impact on the dimension Reactivity identified is “3.3.5
Testing”. “3.3.5 Testing” is dedicated to the identification and removal of defects, not the
development of new features. Before developers are allowed to work on new features, all
tests have to pass. When followed by developers, this rule guarantees a stable and functional code basis which again fosters Reactivity. Although “3.3.9 Continuous Integration”
is also some kind of (integration) testing, it is a downstream activity which occurs later.
If local “3.3.5 Testing” was done insufficiently before integration, “3.3.9 Continuous Integration” will also fail. The impact of “3.3.5 Testing” is considered as higher than “3.3.9
Continuous Integration” since without testing there is no part or module ready for being integrated and retested automatically through “3.3.9 Continuous Integration”. “3.3.9
Continuous Integration” is dependent on “3.3.5 Testing”. Therefore the impact of “3.3.5
Testing” on Reactivity is rated as high. The impact of “3.3.9 Continuous Integration” on
Reactivity is rated as medium.
The relationship between “3.3.5 Testing” and “3.3.9 Continuous Integration” is similar
to the relationship between “3.3.5 Testing” and “3.3.6 Refactoring”. “3.3.9 Continuous
Integration” is only reasonable when all tests passed before integration. The same applies
for “3.3.6 Refactoring”. Before applying refactoring measures, tests have to pass in order to
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guarantee a working code basis. Smaller refactoring steps are feasible during development,
but bigger refactoring steps (e.g. changing the software architecture) are reasonable after
a functioning and tested code basis was established. Therefore the impact of the practice
“3.3.6 Refactoring” on the dimension Reactivity is considered as lower than the impact of
“3.3.5 Testing” since “3.3.6 Refactoring” is also a downstream activity which shall occur
after “3.3.5 Testing”. The impact of “3.3.6 Refactoring” on Reactivity is rated as medium.
The purpose of “3.3.2 Short Iterations” is to increase the frequency of other practices
like “3.3.9 Continuous Integration” and delivery. “3.3.9 Continuous Integration” applied
on a regular and shorter basis has a stronger impact on Reactivity. While “3.3.2 Short
Iterations” increase Reactivity by increasing the frequency of other practices which foster
Reactivity, a “3.4.6 Cross-Functional Team” enhances Reactivity by increasing knowledge
within the team. A “3.4.6 Cross-Functional Team” is supposed to have all knowledge
needed in order to execute development tasks as well as other practices like “3.3.5 Testing”
and “3.3.9 Continuous Integration”. The need for external support is rarer with a “3.4.6
Cross-Functional Team”. “3.3.2 Short Iterations” and “3.4.6 Cross-Functional Team” are
a kind of “amplifiers” which strengthen the effect of other practices concerning Reactivity.
Since both practices have a strong impact on Reactivity but in an implicit way, the impact
of both practices is considered as lower than “3.3.5 Testing” and is rated as medium.
“3.3.7 Pair Programming” and “3.3.8 Collective Ownership” are related practices. The
purpose of both practices is to improve overall quality of the software product and source
code. “3.3.8 Collective Ownership” prescribes that in case a developer discovers a defect
in source code, the developer has to fix it, regardless who caused it. “3.3.12 Coding
Standards” is a more effective approach because it works proactively by defining standards
in advance which have to be obeyed by the development team during development. Hence
the impact of “3.3.12 Coding Standards” on Reactivity is considered higher than the
impact of “3.3.7 Pair Programming” and “3.3.8 Collective Ownership” but lower than the
impact of “3.3.5 Testing”. Therefore the impact of “3.3.12 Coding Standards” is rated
as medium, the impact of “3.3.7 Pair Programming” and “3.3.8 Collective Ownership” is
rated as low.
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A “3.4.3 Definition of Done” is meant to mainly increase Vigilance in order to remind
every developer in the team which tasks have to be done per default when developing
a new feature or functionality. Since a task can be to test or integrate a feature, a
“3.4.3 Definition of Done” also only indirectly increases Reactivity. Compared to other
supporting practices like “3.3.2 Short Iterations” and “3.4.6 Cross-Functional Team” the
positive effect of a “3.4.3 Definition of Done” is rated as low.
The assessment of “3.3.4 Simple Design” is challenging since the efficiency of the practice is not only dependent from the quality of its execution but also from the kind of
requirements or modifications of requirements given by the customer. While “3.3.5 Testing” has the clearly defined purpose to show the existence of errors and can be measured,
the positive effect of a “3.3.4 Simple Design” cannot be measured with ordinary tools
easily. A “3.3.4 Simple Design” and good architecture allow an easier extension of the
software with less preparation work needed. Practices like “3.3.8 Collective Ownership”
and “3.4.6 Cross-Functional Team” with an indirect impact on Reactivity have been rated
with a low positive impact. “3.3.4 Simple Design” will be rated with a medium positive
impact on Reactivity since the purpose is to improve Reactivity directly and not indirectly. The result of weighting the impact of practices on the dimension Decisiveness is
summarized in the table A.4 on page 132.

3.5.4. Weighted Impact of Practices on Optimization
The identified practices with the most significant impact on the dimension Optimization are “3.4.4 Active Optimization” and “3.4.10 Self-Organizing Team”. “3.4.4 Active
Optimization” is a dedicated practice with the only goal to remove impediments and obstacles that decrease the performance of a software development team. The cause for bad
performance can be a lack of Vigilance, Decisiveness or Reactivity.
A “3.4.10 Self-Organizing Team” attempts to find methods, tools and other practices
that suit to the needs of developers and environment. The goal of the practice is improvement. While “3.4.4 Active Optimization” focuses on eliminating impediments, a “3.4.10
Self-Organizing Team” focuses on optimization. Both practices complement each other.
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A “3.4.8 Retrospective” supplies the optimization process by delivering relevant information and helps to uncover aspects of the agile process that need improvement. The
efficiency of the measures elaborated in a “3.4.8 Retrospective” depends on the quality
of their implementation by the team afterwards. Since “3.4.8 Retrospective” is mainly
for detecting areas which need optimization but “3.4.4 Active Optimization” and “3.4.10
Self-Organizing Team” are practices which actually improve the situation, the efficiency of
“3.4.8 Retrospective” is rated lower. The impact of “3.4.8 Retrospective” on Optimization
is rated as medium.
The remaining practices “3.3.8 Collective Ownership”, “3.4.6 Cross-Functional Team”
and “3.4.9 Daily Meetings” are practices which indirectly and passively provide a positive
effect on Optimization. None of these practices is dedicated to Optimization. All of
them have more significant impact on other dimensions of agility. Nevertheless, they can
increase Optimization and therefore their impact has been rated as positive low. The
result of weighting the impact of practices on the dimension Decisiveness is summarized
in the table A.5 on page 133.

3.6. Indicators derived from examined Practices
Based on the examination of practices and weighted impact on dimensions of agility,
potential indicators, which assist in the measurement of these dimensions, were considered.
Some indicators support the measurement of more than one dimension. No claim is made,
that the elaborated list of indicators presented in table A.7 on page 135 is complete or
perfectly accurate. Its purpose is to provide potential indicators for measurement.
The measured values which can be obtained by using the presented indicators cannot
be seen as absolute, since their meaning and weighting is dependent from the context of
measurement. E.g.: The “time between a made decision and the start of the realization of
the decision” (an indicator for Reactivity) for a small software development team could
be considered as high. But the same measured time could also be considered as low for a
team with double the amount of software developers. The interpretation of the measured
values depends on the context of measurement.
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3.7. Chapter Summary
Chapter “3 Examination of Practices” depicted the examination of software development
practices. The workflows of two agile software development methodologies and involved
practices were described in “3.2.1 Extreme Programming” and “3.2.2 Scrum”. The impact
of every examined practice on the dimensions of agility was analyzed. Negative impact of
practices on agility could not be determined. This result of the investigation is table A.1
presented on page 129. The result was used as basis for weighting the impact of practices
on dimensions of agility. Therefore the impact of every practice on a specific dimension
has been compared among the impact of other practices on the same dimension. The
result is presented in table A.6 on page 134. Examined practices were considered as “very
efficient” regarding agility, when they had high impact on not less than one dimension or
medium impact on not less than two dimensions of agility. The practices presented in
table 3.2 on page 86 were identified as “very efficient”.
Practice

origin

Vigi.

3.3.1 The Planning Game

XP

+++

3.3.5 Testing

XP

+++

+++

3.3.9 Continuous Integration

XP

++

++

3.3.10 Weekly Hours Limit.

XP

++

++

3.3.11 On-site Customer

XP

+++

+++

Scrum

+

+

3.4.5 Iteration Review

XP, Scrum

++

++

3.4.7 Product Owner

Scrum

++

++

3.4.10 Self-Organizing Team

Scrum

+

+

3.4.4 Active Optimization

Deci.

Reac.

Opti.

+++

+++

Table 3.2.: Practices with most impact on dimensions of agility.
During the examination, a set of potential indicators, that could be used to determine
the presence of actions supporting the dimensions of agility, was elaborated. The complete
list of examples for indicators can be found in “A.7 Indicators for Dimensions of Agility”
on page 135.
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4. Design of the Maturity Model
4.1. Introduction to the Chapter
In chapter “3 Examination of Practices” the impact of various software development
practices on dimensions of agility was investigated. This step was required in order to
understand which practices applied by software development teams have a positive impact
on agility. The following sections will describe the activities required for the conception
of a maturity model for agile software development teams based on the model of agility in
the context of software development elaborated in chapter “2 Model of Agility” (see figure
2.4 on page 34). Two existing maturity models for organizations will be introduced briefly
in “4.2 Starting Point for a Maturity Model”. One model will be chosen and adapted to
the needs of a maturity model for agile software development teams. Levels of agility will
be defined in “4.4 Definition of Levels of Agility”. Every practice examined in chapter
3 will be assigned to one level of agility, according to the nature of the practice and
purpose of the level of agility. Based on this assignment capability levels and goals will
be derived from practices for every dimension of agility in “4.6 Definition of Capability
Levels and Goals”. This last step will complete the construction of a maturity model for
agile software development teams.

4.2. Starting Point for a Maturity Model
In order to provide an easy and comprehensible maturity model for agile software development teams, it is reasonable to modify an existing and common concept of a maturity
model for software development in organizations. Two widespread and well known maturity models for software development are Capability Maturity Model Integration (CMMI)
[CMM10] and Software Process Improvement and Capability Determination (SPICE)
based on ISO/IEC 15504 [Int12]. Both models have the same goal: assessment of processes in an organization in order to determine its maturity level. Since both models are
similar and because of the fact, that the planned maturity model has to be adapted to
the needs of a maturity model for agile software development teams, CMMI was chosen
because of the following reasons: [KF10a] [KF10b]
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1. CMMI and its documentation is free of charge, while the documentation for SPICE
can be obtained for a fee only.
2. Documentation and explanations for CMMI can be downloaded.
3. CMMI is applied worldwide (kind of de facto standard). SPICE is predominantly
used in Europe and Southeast Asia only.
4. Both, CMMI and SPICE, use maturity levels and capability levels.

Before the model of CMMI will be adapted to the needs of a maturity model for agile
software development teams, the basic concept and all relevant terms of CMMI will be
explained in the following section.

4.3. Capability Maturity Model Integration (CMMI)
A Capability Maturity Model (CMM) is a “[...] model that contains the essential elements of effective processes for one or more disciplines and describes an evolutionary
improvement path from ad hoc, immature processes to disciplined, mature processes
with improved quality and effectiveness” [Int10, p. 44]. “A Capability Maturity Model R
(CMM R ), including CMMI, is [also] a simplified representation of the world.” [CMM10,
p. 5] One example for a CMM is CMMI, a reference model developed by the Software
Engineering Institute (SEI) [CMM10, p. 4]. The vision was to combine three different
maturity models into one [CMM10, p. 6]:
1. The Capability Maturity Model for Software (SW-CMM) v.2.0 draft C
2. The Systems Engineering Capability Model (SECM)
3. The Integrated Product Development Capability Maturity Model (IPD-CMM) v0.98
Another important goal for the development of CMMI is the compatibility with standard
ISO/IEC 15504 (SPICE) [Kne06, p. 11]. Since 2010 the CMMI package is divided into
three CMMI-Models [CKS11, p. 12]:
1. CMMI-DEV 1.3 (for Development)
2. CMMI-ACQ 1.3 (for Acquisition)
3. CMMI-SVC 1.3 (for Services)
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The different CMMI-Models are based on the CMMI Framework. The framework consists of several process areas, each assigned to one category [CKS11, p. 19ff]. Meyer
defines a process area as an “[...] important aspect of the process, characterized by a
clearly identified set of issues and activities, and in CMMI by a set of applicable practices.” [Mey06]. CMMI-DEV is used for measuring the maturity of software development
processes and defines 22 process areas. Examples of process areas are: Configuration
Management (category Support) or Project Planning (category Project Management). A
process area includes Specific Goals and Generic Goals. Generic Goals are applied to
multiple process areas while Specific Goals are valid for one specific process area only.
CMMI names practices which can be used as basis in order to implement a process and
to achieve the defined goals of process areas. Meyer defines a practice in the context of
CMMI as a “[...] process-related activity, repeatable as part of a plan, that helps achieve
a stated goal.” [Mey06].
Organizations attempt to map their processes to process areas in order to be able
to measure and increase their maturity. The goal of using a CMM is to improve the
processes in an organization so that these become more efficient [CKS11, p. 9f]. CMMI
gives guidance and defines which elements (process areas) in an organization have to be
implemented, but not how (by which practices) these have to be implemented.
Levels are used for measuring and expressing the maturity of a process area and the
maturity of a whole organization [CKS11, p. 32ff]. A Capability level for a process area
can be achieved by improving the maturity of the appropriate process. Maturity levels
for the whole organization can be achieved by improving the maturity level of a set of
process areas. This results in an overall improvement of processes in an organization.
In order to reach a specific maturity level, all defined goals of each considered processes
area have to be achieved. Every maturity Level for an organization involves a specific
set of process areas. The four Capability Levels for process areas and their meanings are
[CMM10, p. 24ff]:
0. Incomplete If one or more specific goals of the process areas are not satisfied, or if
the process is not or only partially performed, it is defined as incomplete.
1. Performed The process is performed and includes all tasks needed to produce the
product. Specific goals are achieved.
2. Managed A managed process is a planned and executed process according to policies
which involves skilled people and relevant stakeholders. The process is controlled
and reviewed.
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3. Defined “A defined process is a managed process that is tailored from the organization’s set of standard processes according to the organization’s tailoring guidelines.”
[CMM10, p. 25]. Compared to Capability Level 2 Managed, the process is described
more rigorously, is measured and managed proactively.

The five Maturity Levels and a short description of their meaning are [CMM10, p. 27ff]:
1. Initial Processes at maturity level 1 are ad hoc and chaotic since the organization does
not support processes. Products are produced by heroics of skilled people. Project
budget and schedule are exceeded often. Success cannot be repeated. Practices are
not retained during stress. “Processes [are] unpredictable, poorly controlled and
reactive.” [MA13, p. 218]
2. Managed Processes at maturity level 2 are planned and executed according to policies
by skilled people with adequate resources. Processes are monitored, controlled and
reviewed. Existing practices are retained during stress. “Processes [are] characterized for projects and [are] often reactive.” [MA13, p. 218]
3. Defined At maturity level 3 processes are described in standards, procedures, tools
and methods. A standard set of processes is established. Compared to Maturity
Level 2: Managed, a process is described more rigorously, is measured and managed
proactively. “Processes [are] characterized for the organization and [are] proactive.
Projects tailor their processes from organization’s standards.“ [MA13, p. 218]
4. Quantitatively Managed ”At Maturity Level 4, the organization and projects establish quantitative objectives for quality and process performance and use them as
criteria in managing projects.“ [CMM10, p. 28] Compared to Maturity level 3, the
process performance is predictable and is controlled using quantitative techniques.
”Processes [are] measured and controlled.“ [MA13, p. 218]
5. Optimizing Maturity Level 5 focuses on improving the organization’s processes incrementally. Performance objectives are established and reflected permanently. Data
from multiple projects is used for analysis in order to identify gaps in performance.
Based on the identified gaps, measurable improvement is created. ”Focus [lies] on
process improvement.“ [MA13, p. 218]
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The approach used by CMMI offers a suitable basis for the creation of a maturity
model for agile software development teams. The classification into maturity levels and
capability levels is an easy and understandable concept. However, in order to create a
maturity model for agile software development teams based on CMMI, some adaptions
have to be made: A definition of levels of agility has to be performed. Process areas have
to be defined as well as capability levels for each identified process area. These tasks will
be described in the following sections.

4.4. Definition of Levels of Agility
The first required step for the creation of a maturity model for agile software development
teams is the definition of levels of agility which will be used as maturity levels. Meyer
[Mey14, p. 45] and McMillan examine the objectives of all five maturity levels of CMMI
and come to a similar conclusion. McMillan summarizes the levels and their objectives
as follows [MA13, p. 218]:
Level 5: Optimized ”Focus [lies] on process improvement.“
Level 4: Quantitatively Managed ”Processes measured and controlled.“
Level 3: Defined ”Processes characterized for the organization and proactive.“
Level 2: Managed ”Processes characterized for projects and often reactive.“
Level 1: Initial ”Processes unpredictable, poorly controlled and reactive.“
These levels have to be adapted for the maturity model for agile software development
teams. CMMI distinguishes goals and processes for a project and processes for an organization. This distinction is not necessary since the measurement of agility through the
maturity model for agile software development teams is limited to teams only and shall
not consider the agility of organizations.
CMMI Level 1: Initial does not clearly define an objective or ”status“ of the organization or software development team. The actions of a software development team
can be unpredictable, poorly controlled and reactive, as well. Every organization that is
assessed by the use of CMMI automatically is assigned to Level 1: Initial at the beginning, since the organization is not supposed to obey any rules at this level. Afterwards a
further assessment reveals whether the organization fulfills enough goals for being ranked
at higher levels. In case of the maturity model for agile software development teams, the
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constraints given by the model of agility have to be respected, namely iterative and incremental development with constant iteration length as well as lean thinking. If a software
development team does not respect the identified fundamental constraints of agility, it
cannot be assigned into any level of agility. But every software development team, that
develops software by using an iterative and incremental approach with constant iteration
length, and considers the principles of lean thinking, has to be assigned to Agility Level 1:
Initial at least.
CMMI Level 2: Managed defines, that processes are reactive in organizations. Conboy
and Fitzgerald distinguished reactive and proactive activities in agile processes [CF04].
Based on their research, both elements are essential to agility (see “1.3.6 Toward a Conceptual Framework of Agile Methods”). According to the authors, reaction occurs after
proaction and is more expensive concerning resources. Being ”reactive“ is simpler than
being ”proactive“ since the former does not require any preparation work in advance while
the latter does. This implies, that ”reactive elements“ are a suitable objective for the second level of agility while ”proactive elements“ have to be established in a higher level of
agility. A reactive element or activity reacts to change after change occurred. The name
for the second level of agility will be changed into Agility Level 2: Reactive. If a software
development team proves, that it uses reactive activities and elements in order to react
to change, it has to be assigned to Agility Level 2: Reactive.
While the objective of Agility Level 2: Reactive is the usage of reactive elements,
consequently the goal of the following level is to introduce proactive elements. Conboy
and Fitzgerald define ”proactive“ as ”[...] to predict change, minimise its negative impact,
and maximise the potential to benefit from it.“ [CF04, p. 5]. But the definition for the
maturity model for agile software development teams has to be altered slightly. To ” [...]
minimise its [the change’s] negative impact, and maximise the potential to benefit from
it.“ can be adopted. The ”[...] predication of change [...]“ is not seen as part of reactive
elements. The predication or perception of change is seen as aspect or activity connected
to the dimension Vigilance rather than a specific activity. The name for this level of
agility will be changed into Level 3: Proactive. If a software development team proves,
that it uses proactive activities and elements in order to prepare for change, obstacles or
opportunities, it has to be assigned to Agility Level 3: Proactive.
CMMI Level 4: Quantitatively Managed implies measurements and controlling tasks
for the whole software development process and its underlying activities. Since the following level Level 5: Optimizing focuses only on process improvement, a prerequisite for
Level 5: Optimizing is a stable software development process which serves as sound basis
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for further improvements. Because of this, agility level four has to focus on elements
and activities with controlling nature that guarantee sufficient Vigilance, Decisiveness,
and Reactivity. A quantitative measurement is (although an initial set of indicators was
defined in “3.6 Indicators derived from examined Practices”) difficult to implement, since
Vigilance, Decisiveness, and Reactivity are abstract dimensions, not concrete processes
with predictable and measurable outcomes. Therefore the name for this level of agility
will be changed into Level 4: Controlling. If a software development team proves, that
it uses activities and elements which monitor and control the agile software development
process, it has to be assigned to Agility Level 4: Controlling.
While the focus on preceding levels of agility lies on the establishment of an essential
and balanced amount of Vigilance, Decisiveness, and Reactivity, this level focuses only
on process improvement [Mey14, p. 99]. If a software development team proves, that
it uses activities and elements which focus on the improvement of the team’s Vigilance,
Decisiveness, and Reactivity, it has to be assigned to Agility Level 5: Optimizing.
The result of the elaboration of agility levels is:
Level 5: Optimizing

“Focus lies on process improvement.”

Level 4: Controlling

“The agile process is controlled.”

Level 3: Proactive

“Proactive elements and activities are applied.”

Level 2: Reactive

“Reactive elements and activities are applied.”

Level 1: Initial

“Compliance with constraints.”

The prerequisite for a team, to get from one level of agility to the next higher level,
is the fulfillment of all required goals of the process areas involved by the targeted level
of agility. In addition all required goals defined by involved process areas at lower levels
have to be achieved as well. This restriction prevents the ranking of software development
teams at high levels of agility, although the goals of lower levels have not been achieved.
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4.5. Assignment of Practices to Levels of Agility
In order to be able to define goals and capability levels for every process area on every level
of agility, it is necessary to assign the practices examined in “3.5 Weighting the Impact
of examined Practices” to the levels of agility elaborated in “4.4 Definition of Levels of
Agility” first. This preceding step is required since a contentual basis is needed from
which the goals for every level of agility or capability level can be derived. The following
sections describe the assignment of practices to levels of agility.

4.5.1. Assignment of Practices to Agility Level 5: Optimizing
The focus of Agility Level 5: Optimization lies on improvement of the development team’s
Vigilance, Decisiveness and Reactivity. Therefore all practices which mainly contribute
to the dimension Optimization have to be assigned to Agility Level 5: Optimization. The
information which practices have an significant impact on the dimension Optimization is
available in table A.6 on page 134 as a result from “3.5 Weighting the Impact of examined
Practices”.
“3.4.4 Active Optimization”, “3.4.8 Retrospective” and “3.4.10 Self-Organizing Team”
are practices dedicated to Optimization with the purpose to enhance the team’s Vigilance, Decisiveness and Reactivity. Although “3.3.8 Collective Ownership” has only a low
positive impact on Optimization, this practice has been assigned to Agility Level 5: Optimization as well. The basic idea of the practice is to share the responsibility for every
part of the source code among all developers and to frequently improve the Vigilance
and Reactivity of the team through Optimization. Developers learn from each other on a
regular basis.

4.5.2. Assignment of Practices to Agility Level 4: Controlling
On Agility Level 4: Controlling the software development team has to provide a stable
and controlled agile process, ready for its optimization at Agility Level 5: Optimizing.
The following section describes the controlling or monitoring nature of practices which
will be assigned to Agility Level 4: Controlling.
“3.4.1 Iteration Planning” is a practice that controls and determines the tasks and
items which have to be implemented in the current iteration by the development team.
“3.4.9 Daily Meetings” control the progress of the team and identify blockers of different nature. “3.3.7 Pair Programming” enables developers to monitor each other and to
prevent mistakes during development. An “3.4.5 Iteration Review” identifies tasks which
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have been accomplished and also identifies items which were not finished during the last
iteration. While “3.4.9 Daily Meetings” monitor the team’s progress on a daily basis,
an “3.4.5 Iteration Review” is used only at the end of an iteration but to a greater extent. Developers integrate their finished and tested work into the product by using “3.3.9
Continuous Integration”. This allows a permanent monitoring of the (technical) health
of the software product. “3.3.2 Short Iterations” increase the frequency of practices like
“3.4.1 Iteration Planning” and “3.4.5 Iteration Review” which again increases the frequency of controlling activities. A “3.3.10 Weekly Hours Limitation” helps to keep the
performance, Vigilance and Decisiveness of the team on a stable level by limiting the
weekly work hours and preventing high exhaustion. All described practices and activities
either help to monitor or control the agile process.
Although “3.3.5 Testing” is also considered as practice with controlling activities, it is
assigned to Agility Level 3: Proactive. “3.3.9 Continuous Integration” is a downstream
activity, which is executed after development and (local) testing of source code, “3.3.5
Testing” is seen as part of the code generation itself and therefore has rather a proactive
than controlling character.

4.5.3. Assignment of Practices to Agility Level 3: Proactive
Agility Level 3: Proactive has to be defined by activities and practices that ”minimise
its [the change’s] negative impact, and maximise the potential to benefit from it.“ [CF04]
The following section describes proactive practices which will be assigned to Agility Level
3: Proactive.
“3.3.11 On-site Customer” and “3.4.2 Backlog Management” are both proactive practices or activities which are concerned with requirements gathering and management.
The practice “3.3.11 On-site Customer” helps to detect change given by the customer
immediately by involving the customer in the development process. Without an “3.3.11
On-site Customer”, the team has to experience a delay until it notices new or changed
requirements. “3.4.2 Backlog Management” prioritizes all requirements on a frequent basis. When an iteration ends, an up to date list of prioritized requirements is served to the
team in advanced. Both practices have proactive character.
“3.3.4 Simple Design”, “3.4.3 Definition of Done” and “3.3.12 Coding Standards” have
impact on different aspects of the agile process. “3.3.12 Coding Standards” is a proactive
practice on a technical level. It defines standards for development in the present in order
to avoid overhead or additional cost in the future (e.g. “3.3.6 Refactoring”). A “3.4.3
Definition of Done” defines tasks, which have to be accomplished for every new developed
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functionality of the software product. This is a proactive element, which reduces the
probability of missing a required task to be executed. The practice increases the awareness
of developers concerning standard tasks. The practice “3.3.4 Simple Design” prescribes
the creation of simple architectural designs in order to guarantee an easy extensibility of
the software in the future. This purpose also has to be characterized as proactive.
“3.3.5 Testing” and “3.3.6 Refactoring” are proactive practices on a technical level.
Tests have to be executed before “3.3.9 Continuous Integration” in order minimize additional cost in the future. Tests help to establish a better and stable code basis which
makes the extension of the software with new features more convenient. “3.3.6 Refactoring” optimizes this stable code basis without changing its semantics in order to make it
easier to understand (by different developers) and to make it easier to extend with new
code. Both practices have a strong proactive character.

4.5.4. Assignment of Practices to Agility Level 2: Reactive
Agility level 2: Reactive is characterized by reactive activities and elements in order to
react to change after change actually occurred. The following section describes reactive
practices which will be assigned to Agility Level 2: Reactive.
A “3.4.6 Cross-Functional Team” is a fundamental element in order to be able to react
to various types of change. Conboy and Fitzgerald identified ”Technology“ as one source
of change and ”Change in technology or method used“ as type of change [CF04, p. 5].
The more skilled each member of the software development team is, the more flexible the
members are and the better and faster new tasks can be accomplished or new technology
can be handled. A “3.4.6 Cross-Functional Team” is a crucial element at this level of
agility and a fundamental practice in order to react to change.
A second source of change identified by Conboy and Fitzgerald is the ”Customer“
and ”Changes in Demand“ as type of change [CF04, p. 5]. An initial reaction to new
requirements given by the customer happens during “3.3.1 The Planning Game”, when
demanded functionality, parts of the technical implementation as well as its estimation
are discussed. A “3.4.7 Product Owner” can help to channelize these requirements. She
is the first person who reacts to new or changed needs of the customer. A “3.4.7 Product
Owner” reacts to change.
A “3.3.3 Metaphor” ”[...] just helps everyone on the project to understand the basic
elements and their relationships.“ [Bec00, p. 56] The establishment of a “3.3.3 Metaphor”
begins after project kickoff and continues during the course of a project. It represents a
first reaction to the project and initial requirements.
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4.5.5. Assignment of Practices to Agility Level 1: Initial
No practices have been assigned to agility level 1: Initial since this level only demands
the compliance with given constraints of agility: incremental and iterative development
witch constant iteration length as well as lean thinking. Every software development team
which obeys these rules has to be assigned to Agility Level 1: Initial.

4.6. Definition of Capability Levels and Goals
The last section described the assignment of all practices examined in “3 Examination of
Practices” to levels of agility defined in “4.4 Definition of Levels of Agility”. The result
is summarized in table A.7 on page 136. Most investigated practices fit to agility levels
Level 3: Proactive and Level 4: Controlling. Process areas have not been identified yet.
The following section explains the identification of process areas for the maturity model
for agile software development teams and the construction of capability levels for these
areas.
While CMMI defines process areas like Causal Analysis and Resolution (CAR), Configuration Management or Project Planning [CMM10, p. 75ff], these processes or process
areas are not suitable for a maturity model for agile software development teams, because they do not focus on main aspects of agility. The identified dimensions of agility
namely Vigilance, Decisiveness, Reactivity and Optimization represent a group of abstract
processes and are the main areas of interest for the maturity model. Hence it seems reasonable that these dimensions can act as process areas in the maturity model. A balanced
improvement of these areas increase agility, which again increases the overall level of
agility. This behavior corresponds to the fundamental concept of CMMI: by increasing
capability levels of appropriate process areas, the overall maturity level increases as well.
In the remaining investigation the terms dimension(s) of agility and process area(s) will
be used synonymously since both describe the same element in the maturity model for
agile software development teams.
CMMI distinguishes specific goals (related to process areas) and generic goals (related
to the organization). This distinction is not needed since the goal of the present work
is to design a maturity model for agile software development teams only and not for
organizations (see “1.4 Goals and Success Factors”). Only specific goals for capability
levels will be defined. If goals for capability levels are achieved, the capability levels of
dimensions of agility improve. It shall not be possible to skip a capability level.
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In order to enable the extraction of goals from practices assigned to capability levels
and dimensions of agility, it is necessary to identify the practices which determine the
goals for each dimension on each level. Every analyzed practice has been assigned to one
specific level of agility in “4.5 Assignment of Practices to Levels of Agility”. The result
of this examination is presented in table A.7 on page 136 and provides the information
on which level the impact of a specific practice has to be considered. In addition the
impact of every practice on dimensions of agility has been investigated and identified in
“3 Examination of Practices”. This information is summarized in table A.6 on 134.
With both pieces of information, the practices which have an impact on a specific dimension of agility, at a specific level of agility, can be identified. Figure 4.1 on page 98
illustrates the conjunction of levels of agility with dimensions of agility. The result is a
group of 20 intersections: V1, V2, V3, V4, V5, D1, D2, D3, D4, D5, R1, R2, R3, R4,
R5, O1, O2, O3, O4, O5. The letter in an intersection name (V, D, R or O) indicates the
involved dimension of agility (Vigilance, Decisiveness, Reactivity or Optimization). The
digit indicates the involved level of agility (1, 2, 3, 4 or 5 ).

Figure 4.1.: Conjunction of dimensions of agility with levels of agility.
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The conjunction of dimensions of agility and levels of agility allows an extraction of
goals from practices for capability levels. Although there are also intersecting sets on
Agility Level 1: Initial for each dimension of agility (V1, D1, R1 and O1 ), the only goal
for this level of agility is the compliance with the constraints of agile software development,
namely iterative and incremental development with constant iteration length, as well as
lean thinking (see “4.5.5 Assignment of Practices to Agility Level 1: Initial”). Therefore
the intersections V1, D1, R1 and O1 will not be considered in the remaining investigation,
since a definition of goals and capability levels at this level of agility is not required.
Because the focus of Agility Level 5: Optimizing lies on optimization of the agile software development process only, no further goals for Vigilance, Decisiveness and Reactivity
are required at this level. But an entire elimination of goals for these dimensions of agility
at Agility Level 5: Optimizing would be inappropriate. In order to reach high levels of
agility, the appropriate capability levels of dimensions of agility have to be achieved. That
also mean that goals of lower levels still have to be fulfilled at higher levels of agility. In order to get a positive effect through agility, the dimensions of agility have to be balanced
(see “2.7 Dependencies between Dimensions of Agility”). The removal of goals for the
dimensions Vigilance, Decisiveness and Reactivity at Agility Level 5: Optimizing would
imply, that it is possible to reach this level of agility just by meeting the requirements
defined at level five for Optimization (intersection O5 ). In order to avoid confusions, the
goals for Vigilance, Decisiveness and Reactivity on Agility Level 5: Optimization will be
defined as the same goals as at Agility Level 4: Controlling. Hence the result is, that V5
equals V4, D5 equals D4, R5 equals R4 and O5 equals O4. The capability levels and
goals for these dimensions on Agility Level 5: Optimizing are the same as on Agility Level
4: Controlling.
Agility Level 5: Optimization is a level dedicated to the improvement of the agile
process as defined in “4.5.1 Assignment of Practices to Agility Level 5: Optimizing”. Only
practices which have an impact on this dimension and optimize the remaining dimensions
of agility were assigned to this level. Although these practices also have a positive impact
on other dimensions besides Optimization, this impact can be seen as negligible since the
relevant aspect at this level is Optimization only. Furthermore the goals for the dimension
Optimization at Agility Level 2: Reactive, Agility Level 3: Proactive, and Agility Level 4:
Controlling are not needed, since the aspect of Optimization is only considered at Agility
Level 5 (Optimizing). Therefore the intersections O2, O3 and O4 will not be considered
in the remaining investigation, because a definition of goals is not necessary for these.
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As a result of all considerations, the dimensions Vigilance, Decisiveness and Reactivity
need three goals and therefore three capability levels: One for Agility Level 2: Reactive, one
for Agility Level 3: Proactive and one for Agility Level 4: Controlling. Every capability
level includes one goal. Every level of agility has one defined capability level for each
dimension of agility except Optimization. The only goal for Optimization is required for
intersection O5. In order to allow agile software development teams to reach Agility Level
5: Optimization incrementally (and for consistency), three capability levels and goals will
be defined for this dimension of agility as well.
Agility Level / Process Area

Vig.

Dec.

Reac.

Opt.

Agility Level 5: Optimizing

CL 3

CL 3

CL 3

CL 3

Agility Level 4: Controlling

CL 3

CL 3

CL 3

-

Agility Level 3: Proactive

CL 2

CL 2

CL 2

-

Agility Level 2: Reactive

CL 1

CL 1

CL 1

-

-

-

-

-

Agility Level 1: Initial

Table 4.1.: Levels of Agility with required Capability Levels.
Table 4.1 summarizes the result of all considerations and shows the capability levels
required by a specific dimension of agility in order to reach a specific level of agility.
For instance: In order to reach Agility Level 1: Initial all identified constraints of agile
software development have to be considered only, no achieved capability levels are needed.
In order to reach Agility Level 2: Reactive, Vigilance, Decisiveness and Reactivity need to
achieve capability level 1 (CL 1) while the capability level of Optimization is not relevant.
Agility Level 5: Optimization demands capability level 3 (CL 3) from all four dimensions
of agility.
In order to determine the level of agility of a software development team, the levels
of agility and their descriptions (“4.4 Definition of Levels of Agility”), the example indicators (“3.6 Indicators derived from examined Practices”) and the analyzed practices
(“3 Examination of Practices”) can be used as orientation guide. Practices are concrete
implementation hints in order to achieve a specific capability level and goal of a capability level. The following sections describe how goals for capability levels of dimensions of
agility are derived from appropriate and relevant practices.
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4.6.1. Definition of Capability Levels for Vigilance
Vigilance - Capability Level 1
Capability Level 1 of the dimension Vigilance includes the goal derived from practices,
which have impact on intersection V2. These are practices that have an impact on Vigilance and are assigned to Agility Level 2: Reactive (see figure 4.1 on page 98). According
to table A.6 on page 134 and table A.7 on page 136, the following practices have to be
considered for intersection V2 :
• “3.3.1 The Planning Game”
• “3.4.7 Product Owner”
• “3.3.3 Metaphor”
The considered practices help to get a basic understanding of requirements and the
project’s environment. The purpose of “3.3.1 The Planning Game” is to maximize the
value of the software produced by the development team in one release. This is done by a
meeting with all project participants in which various aspects (in particular requirements)
of the project are discussed [Bec00, p. 87]. The “3.4.7 Product Owner” has a similar
assignment: ”The Product Owner is responsible for maximizing the value of the product
and the work of the development team.“ [SS13, p. 5]. The “3.3.3 Metaphor” helps to
establish Vigilance concerning technical aspects [Bec00, p. 56]. Derived from the involved
practices, the following abstract goal can be extracted for Capability Level 1 for the
dimension Vigilance:
Establish comprehension of the project context and a basic sensibility
for requirements as well as important aspects of the project.
Vigilance - Capability Level 2
Capability Level 2 of the dimension Vigilance includes the goal derived from practices,
which have impact on intersection V3. These are practices that have an impact on Vigilance and are assigned to Agility Level 3: Proactive (see figure 4.1 on page 98). According
to table A.6 on page 134 and table A.7 on page 136, the following practices have to be
considered for intersection V3 :
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• “3.3.5 Testing”
• “3.3.6 Refactoring”
• “3.3.11 On-site Customer”
• “3.4.2 Backlog Management”
• “3.4.3 Definition of Done”
“3.3.5 Testing”, “3.3.6 Refactoring” and “3.4.3 Definition of Done” are quality assurance
activities. ”Software testing consists of the dynamic verification that a program provides
expected behaviors on a finite set of test cases, suitably selected from the usually infinite
execution domain.“ [BF14, p. 82]. ”Refactoring is the process of changing a software
system in such a way, that it does not alter the external behavior of the code, yet improves
its internal structure.“ [FB07, p. xvi]. Both practices improve the quality of source code
and architecture. A “3.4.3 Definition of Done” helps to focus on tasks which have to be
done for every new implemented feature and increases quality as well.
“3.3.11 On-site Customer” and “3.4.2 Backlog Management” are practices that affect
requirements engineering. The practice “3.3.11 On-site Customer” reduces the time for
gathering requirements by placing the customer or a representative to the development
team. “3.4.2 Backlog Management” helps to identify the importance of requirements and
to prioritize requirements given by a customer. Both practices improve the handling of
requirements. Derived from the involved practices, the following abstract goal can be
extracted for Capability Level 2 for the dimension Vigilance:
Shorten the time needed for requirements gathering and management of
requirements to a minimum and establish quality assurance activities.
Vigilance - Capability Level 3
Capability Level 3 of the dimension Vigilance includes the goal derived from practices,
which have impact on intersection V4. These are practices that have an impact on Vigilance and are assigned to Agility Level 4: Controlling (see figure 4.1 on page 98). According to table A.6 on page 134 and table A.7 on page 136, the following practices have
to be considered for intersection V4 :
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• “3.3.2 Short Iterations”
• “3.3.7 Pair Programming”
• “3.3.9 Continuous Integration”
• “3.3.10 Weekly Hours Limitation”
• “3.4.1 Iteration Planning”
• “3.4.5 Iteration Review”
• “3.4.9 Daily Meetings”
“3.4.9 Daily Meetings” is a practice that enhances Vigilance regarding development
progress. It is a kind of ”status report“ [Mey14, p. 91]. An “3.4.5 Iteration Review”
identifies the work, that was done until the end of the current iteration. Both practices
control the progress of the development team.
“3.3.7 Pair Programming” and “3.3.9 Continuous Integration” help to keep the quality
of the software product at high level. “3.3.9 Continuous Integration” reduces risk and
increases quality by fostering frequent integration of developed features and components.
The purpose of “3.3.7 Pair Programming” is to increase code quality by allowing two
developers to work at the same part of code at the same time.
“3.3.10 Weekly Hours Limitation”, “3.3.2 Short Iterations” and “3.4.1 Iteration Planning” are practices with the purpose to keep the team’s Vigilance at high level. A sufficient rested team has a higher Vigilance than an exhausted team. This can be achieved
by applying the practice “3.3.10 Weekly Hours Limitation”. An “3.4.1 Iteration Planning”
forces the team to be vigilant again after the context of the team changed, because the last
iteration ended and new requirements have to be implemented. “3.3.2 Short Iterations”
increase the frequency of “3.4.1 Iteration Planning” and therefore enhance Vigilance indirectly. Derived from the involved practices, the following abstract goal can be extracted
for Capability Level 3 for the dimension Vigilance:
Frequently monitor the development progress and quality of the software.
Establish measures in order to keep the team’s vigilance at high level.
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4.6.2. Definition of Capability Levels for Decisiveness
Decisiveness - Capability Level 1
Capability Level 1 of the dimension Decisiveness includes the goal derived from practices, which have impact on intersection D2. These are practices that have an impact
on Decisiveness and are assigned to Agility Level 2: Reactive (see figure 4.1 on page 98).
According to table A.6 on page 134 and table A.7 on page 136, the following practices
have to be considered for intersection D2 :
• “3.4.7 Product Owner”
Main tasks of a “3.4.7 Product Owner” are to gather and prioritize requirements. She
is responsible for all decisions concerning functionality of the software [Max13, p. 167].
Derived from the involved practices, the following abstract goal can be extracted for
Capability Level 1 for the dimension Decisiveness:
Establish mechanisms which enable gathering and
prioritization of project requirements.
Decisiveness - Capability Level 2
Capability Level 2 of the dimension Decisiveness includes the goal derived from practices,
which have impact on intersection D3. These are practices that have an impact on Vigilance and are assigned to Agility Level 3: Proactive. (see figure 4.1 on page 98). According
to table A.6 on page 134 and table A.7 on page 136, the following practices have to be
considered for intersection D3 :
• “3.3.11 On-site Customer”
• “3.4.2 Backlog Management”
“3.3.11 On-site Customer” and “3.4.2 Backlog Management” are both practices regarding requirements engineering. An “3.3.11 On-site Customer” decreases the time needed
for gathering requirements and decision-making concerning the prioritization of requirements by involving the customer as member of the development team. Permanent “3.4.2
Backlog Management” helps to make decisions faster by providing a prioritized list of current requirements which have to be implemented. This decreases the decision time needed
to decide which features have to be implemented next. Derived from the involved practices, the following abstract goal can be extracted for Capability Level 2 for the dimension
Decisiveness:
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Shorten the time needed for requirements engineering and
decision making concerning requirements to a minimum.
Decisiveness - Capability Level 3
Capability Level 3 of the dimension Decisiveness includes the goal derived from practices,
which have impact on intersection D4. These are practices that have an impact on Decisiveness and are assigned to Agility Level 4: Controlling (see figure 4.1 on page 98).
According to table A.6 on page 134 and table A.7 on page 136, the following practices
have to be considered for intersection D4 :
• “3.3.2 Short Iterations”
• “3.3.10 Weekly Hours Limitation”
• “3.4.1 Iteration Planning”
• “3.4.5 Iteration Review”
• “3.4.9 Daily Meetings”
“3.4.1 Iteration Planning”, “3.4.9 Daily Meetings” and “3.4.5 Iteration Review” help
to adapt the course of a project. An “3.4.1 Iteration Planning” is a practice which occurs
at the beginning of every iteration. It helps to adjust the course of the project by planning which and how requirements have to be implemented. The meeting fosters decision
making. The practice “3.4.9 Daily Meetings” monitors the progress of the development
team and the course of the project. It helps to identify blockers and triggers the creation
of measures, if necessary. While an “3.4.1 Iteration Planning” defines the tasks which
have to be done at the beginning of an upcoming iteration, an “3.4.5 Iteration Review”
identifies the tasks and requirements which have been ”done“ in the previous iteration
and therefore gives feedback for the upcoming “3.4.1 Iteration Planning” meeting. The
practice “3.4.5 Iteration Review” fosters decision-making indirectly, since it just forwards
its result (the feedback) to another practice.
A “3.3.10 Weekly Hours Limitation” can increase the quality of decision-making, because sufficiently rested people with mental power make better decisions than exhausted
people. “3.3.2 Short Iterations” increase the frequency of “3.4.1 Iteration Planning” and
“3.4.5 Iteration Review” meetings and therefore also increase the amount of opportunities
for an adaption of the project’s course. Derived from the involved practices, the following
abstract goal can be extracted for Capability Level 3 for the dimension Decisiveness:
Establish measures to enable permanent adaptation of the project’s course.
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4.6.3. Definition of Capability Levels for Reactivity
Reactivity - Capability Level 1
Capability Level 1 of the dimension Reactivity includes the goal derived from practices,
which have impact on intersection R2. These are practices that have an impact on Reactivity and are assigned to Agility Level 2: Reactive (see figure 4.1 on page 98). According
to table A.6 on page 134 and table A.7 on page 136, the following practices have to be
considered for intersection R2 :
• “3.4.6 Cross-Functional Team”
In order to be able to react quickly, a flexible team is needed. The higher the skills
and qualification of developers, the more flexible they are in order to react quickly in
unpredictable situations. Derived from the involved practices, the following abstract goal
can be extracted for Capability Level 1 for the dimension Reactivity:
Establish a skilled and flexible team.
Reactivity - Capability Level 2
Capability Level 2 of the dimension Reactivity includes the goal derived from practices,
which have impact on intersection R3. These are practices that have an impact on Reactivity and are assigned to Agility Level 3: Proactive (see figure 4.1 on page 98). According
to table A.6 on page 134 and table A.7 on page 136, the following practices have to be
considered for intersection R3 :
• “3.3.4 Simple Design”
• “3.3.5 Testing”
• “3.3.6 Refactoring”
• “3.3.12 Coding Standards”
• “3.4.3 Definition of Done”
“3.3.5 Testing” and “3.3.6 Refactoring” are practices concerning quality assurance.
The purpose of “3.3.5 Testing” is to eliminate as many errors as possible while “3.3.6
Refactoring” improves the code quality without changing its semantics. Both practices
foster a solid and functional code basis which enhances Reactivity.
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“3.3.4 Simple Design”, “3.3.12 Coding Standards” and “3.4.3 Definition of Done” are
proactive practices which define standards and guidelines for the development team in
order to reduce errors. This reduces future effort (e.g. bug fixing). The practices foster
a better Reactivity since every developer of the team has to follow the same guidelines
and therefore is familiar with the application of these. In addition “3.3.4 Simple Design”
prescribes an easy extensibility of the software which again fosters Reactivity. Derived
from the involved practices, the following abstract goal can be extracted for Capability
Level 2 for the dimension Reactivity:
Establish quality assurance activities, define standards and
(design) guidelines for development and requirements definition.
Reactivity - Capability Level 3
Capability Level 3 of the dimension Reactivity includes the goal derived from practices,
which have impact on intersection R4. These are practices that have an impact on Reactivity and are assigned to Agility Level 4: Controlling (see figure 4.1 on page 98). According
to table A.6 on page 134 and table A.7 on page 136, the following practices have to be
considered for intersection R4 :
• “3.3.9 Continuous Integration”
• “3.3.7 Pair Programming”
• “3.3.2 Short Iterations”
“3.3.9 Continuous Integration”, “3.3.7 Pair Programming” and “3.3.2 Short Iterations”
are practices concerning quality assurance. “3.3.9 Continuous Integration” fosters a solid
and functional code basis since every new developed feature will be integrated and validated during development as soon as possible . “3.3.7 Pair Programming” has a small but
positive effect on Reactivity since two instead of only one developer review the written
code on the fly. This also fosters a better code basis through validation during development. “3.3.2 Short Iterations” demand a functional and error-free software product
which is potentially shippable within short iterations on a frequent basis. Derived from
the involved practices, the following abstract goal can be extracted for Capability Level 3
for the dimension Reactivity:
Establish mechanisms validating the whole software system
and code on a frequent basis during development.
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4.6.4. Definition of Capability Levels for Optimization
While practices with an impact on the dimensions Vigilance, Decisiveness and Reactivity
are assigned to Agility Level 2: Reactive, Agility Level 3: Reactive or Agility Level 4:
Controlling, all practices with impact on Optimization are assigned to Agility Level 5:
Optimizing only. It is not possible to extract three different capability levels from only
one intersection (O5 ). Three intersections where available to capability levels of other
dimensions of agility (see figure 4.1 on page 100).
In order to allow an agile software development team to reach Agility Level 5: Optimizing from Agility Level 4: Controlling incrementally, and for consistency reasons, three
capability levels will be created for the dimension Optimization as well. Therefore all practices with an impact on Optimization at Agility Level 5: Optimizing have to be examined
and assigned to one of three Capability Levels. The practices which have to be considered
are:
• “3.3.8 Collective Ownership”
• “3.4.4 Active Optimization”
• “3.4.8 Retrospective”
• “3.4.10 Self-Organizing Team”
The main responsibility of the practice “3.4.4 Active Optimization” is to remove impediments [Mey14, p. 84]. Beyond removing impediments, a “3.4.8 Retrospective” is also
meant to improve the efficiency of the software development team [DL06, p. 17]. This
slight difference provides one first option for a division into separated Capability Levels.
“3.3.8 Collective Ownership” and “3.4.10 Self-Organizing Team” are practices which increase collaboration within a software development team. A “3.3.8 Collective Ownership”
also fosters shared responsibility. Shared responsibility results in learning and therefore
improvement. A “3.4.10 Self-Organizing Team” removes impediments and improves the
development process without the need for a managing instance (e.g. a Scrum Master).
It is much more demanding for the developers to manage and optimize the agile process
by themselves instead of being managed by a managing and monitoring instance. This
second difference offers a second option for distinction into several Capability Levels. As
a result of this consideration, the practices have been assigned to the Capability Levels
for Optimization as follows:
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Optimization - Capability Level 1
The following practices have to be considered for Capability Level 1 for the dimension
Optimization:
• “3.4.4 Active Optimization”
The main responsibility of the practice “3.4.4 Active Optimization” is to remove impediments [Mey14, p. 84]. Derived from this practice, the following abstract goal can be
extracted for Capability Level 1 for the dimension Optimization:
Determine the causes of impediments
and develop countermeasures.
Optimization - Capability Level 2
The following practices have to be considered for Capability Level 2 for the dimension
Optimization:
• “3.4.8 Retrospective”
A “3.4.8 Retrospective” is also meant to improve the efficiency of the software development team [DL06, p. 17]. Derived from this practice, the following abstract goal can
be extracted for Capability Level 2 for the dimension Optimization:
Detect opportunities and develop measures for utilizing them.
Optimization - Capability Level 3
The following practices have to be considered for Capability Level 3 for the dimension
Optimization:
• “3.3.8 Collective Ownership”
• “3.4.10 Self-Organizing Team”
A “3.4.10 Self-Organizing Team” with “3.3.8 Collective Ownership” shares responsibility among members of the development team and optimizes its development process
without the need for a manager or a controlling instance. Derived from these practices,
the following abstract goal can be extracted for Capability Level 3 for the dimension
Optimization:
Establish an autonomous, collaborating and
independent working and self improving team.
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4.7. Chapter Summary
Chapter “4 Design of the Maturity Model” presented the activities needed to construct a
maturity model for agile software development teams. CMMI, an existing and well know
maturity model for software development organizations, was considered in “4.3 Capability
Maturity Model Integration (CMMI)” and modified according to the needs of a maturity
model for agile software development teams. Five levels of agility were defined in “4.4
Definition of Levels of Agility”:
• Agility Level 5: Optimizing
• Agility Level 4: Controlling
• Agility Level 3: Proactive
• Agility Level 2: Reactive
• Agility Level 1: Initial
Every practice analyzed in chapter “3 Examination of Practices” was assigned to one of
the five defined levels of agility. Most of the examined practices fit to Level 3: Proactive
and Level 4: Controlling. The result of the assignment is illustrated in table A.7 on
page 136. Based on this table and table A.6 on page 134, three goals and capability
levels for each dimension of agility were derived from appropriate practices. The final
result of chapter “4 Design of the Maturity Model” is a maturity model for agile software
development teams, with five levels of agility and four dimensions of agility, each with
three capability levels and goals for these levels. The identified goals for capability levels
are presented in table A.9 on page 137. The rules that define which capability levels and
goals have to be achieved by a software development team in order to get to a level of
agility were presented in table 4.1 on page 100.
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5. Evaluation of the Maturity Model
5.1. Introduction to the Chapter
A maturity model for agile software development teams was constructed in chapter “4
Design of the Maturity Model”. The following chapter presents the evaluation process for
this maturity model. First, the earlier defined “1.4 Goals and Success Factors” will be
reviewed in “5.2 Evaluation of predefined Goals and Success Factors”. This step represents the theoretical evaluation. Second, the elaborated maturity model for agile software
development teams will be applied to two project studies: “5.3 Project Study: Classroom
Response System” and “5.4 Project Study: Indie-Web”. A short introduction and description of context will be provided for both studies. Afterwards the agility of the two
involved software development teams will be assessed based on the applied practices by
using the maturity model for agile software development teams.
The software development team involved in the “5.4 Project Study: Indie-Web” had
more experience concerning software development and practices than the team involved
in “5.3 Project Study: Classroom Response System”. Consequently the author of the
present work assumed that the level of agility of the more experienced team will be higher
than the level of agility of the other team.

5.2. Evaluation of predefined Goals and Success Factors
The following section describes the evaluation of all predefined “1.4 Goals and Success
Factors”. Every goal will be reviewed. The main goal of the present work is:
1. The result shall be a maturity model for agile software development teams.
Since the result of the elaboration described in “4 Design of the Maturity Model” is a
maturity model for agile software development teams, this goal was achieved.
In addition, the remaining goals specifying the characteristics of the maturity model
have to be reviewed as well. The maturity model for agile software developments shall:
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2.1 enable the measurement of agility of software development teams only (not
organizations). Only practices used within software development teams were considered. The identified process and dimensions of agility were only regarded in the context
of software development teams. The context or constraints of organizations were not considered. That implies, that goal 2.1 was achieved.
2.2 enable the measurement of agility only (not the team’s performance or
quality of the product). The performance of the team or quality of the produced
software was not considered in the present work. The elaborated maturity model for agile
software development teams is based on dimensions of agility only, not performance and
not dimensions of quality. That implies, that goal 2.2 was achieved.
2.3 measure agility through the definition and use of levels of agility. Five
levels of agility were defined in “4.4 Definition of Levels of Agility”. These goals can be
used in order to determine the level of agility of a software development team. That
implies, that goal 2.3 was achieved.
2.4 provide guidance how to proceed from one level to higher levels of agility.
Every dimension of agility has three capability levels with goals defined in ”Definition of
Capability Levels and Goals 4.6”. These goals describe the desired ”To-Be-Situation“ of
the software development team in order to reach a specific level of agility. Practices have
been assigned to each level of agility in A.7 on page 136. These can be used as hint what
to change in the software development process in order to reach higher levels of agility.
That implies, that goal 2.4 was achieved.
2.5 be based on an universal and contextless definition of agility. The universal and contextless definition of agility was derived from neutral definitions for agility
given by dictionaries in “2.2 Universal and Contextless Definition of Agility”. This definition was extended afterwards with the “2.5 Context of Agile Software Development”.
That implies, that goal 2.5 was achieved.
2.6 indicate, that a software development team is not agile in case fundamental elements of agility (constraints) are not respected. Agility Level 1: Initial
requires the compliance with identified constraints of agility: iterative and incremental
development with constant iteration length as well as lean thinking. If a software develop-

Evaluation of the Maturity Model

113

ment team does not consider these fundamental constraints, the agility of the team will
be rated as none, since no level below Agility Level 1: Initial is defined. That implies,
that goal 2.6 was achieved.
2.7 not be limited to one single agile methodology (e.g. only XP or only
Scrum). The maturity model for agile software development teams was built upon the
analysis of practices from two different agile software development methodologies: “3.2.1
Extreme Programming” and “3.2.2 Scrum”. The goals for capability levels of dimensions of agility are derived from practices of these two agile development methodologies.
Although the goal is basically achieved, an investigation of further practices from other
agile software development methodologies is recommended. The utilization of further investigations will provide a more precise maturity model.
2.8 enable the comparison of agility between different software development
teams. The result of the measurement by using the maturity model for agile software
development teams is the team’s level of agility. The level of agility of one team can
be compared with the level of agility of another team. That implies, that goal 2.8 was
achieved.
2.9 be easy to understand and easy to use. The functional principle of the maturity
model for agile software development teams is based on the concept of CMMI. This concept is widespread and well-known. The concept of the maturity model is based on agility
levels and capability levels only, is easy to understand and is not difficult to use, since an
assessment has only two deal with these two perspectives. That implies, that goal 2.9 was
achieved.
All predefined “1.4 Goals and Success Factors” have been achieved. A further evaluation on a practical basis will be performed in the following sections. Therefore two
conducted project studies will be analyzed. The agility of the software development
teams involved in the project studies will be assessed based on the defined levels of agility
and capability levels. Software practices involved in the project studies are used in order
to determine the level of agility.
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5.3. Project Study: Classroom Response System
The maturity model for agile software development teams will be applied to two project
studies in the following sections. The context of each project study will be described first.
Afterwards the agility of the software development teams involved in the project studies
will be assessed.

5.3.1. Introduction and Context
Classroom Response System (CRS) is a project study in the field of “business information
systems” conducted by students at the University of Heilbronn (Germany) in 2014. The
following text and elevator pitch is obtained from the product flyer of CRS:
“Classroom Response System (CRS) is a software tool, that was designed for professors at
the university of Heilbronn. By using CRS, professors can easily create questions, which
then can be answered by students online and immediately, even during an ongoing lecture.
In this way, professors can quickly collect a lot of feedback from the course attendees and
adapt their lecture on the fly in an appropriate manner. The project was implemented
from scratch using “Scrum with User Stories“ as software development approach.”
The project study was started on October 22, 2013 with seven participants and ended
on January 16, 2014. The project goal was to create a software system that enables lecturers to create questions, which then can be answered by students online. A list with
goals was defined after project kick off. The software was supposed to be compatible
with Liferay1 technology. The chosen development methodology was “Scrum with User
Stories” [Wir11]. During development, six iterations, each with a length of two weeks,
were executed. The development team consisted of one “3.4.7 Product Owner” and six
developers. One team member had to quit the project a few weeks after start due to
personal reasons. The team met about two or three times per week in order to discuss
the status of the project. After the status meetings, the team continued development on
the software. Average working time at each meeting was about 4 hours. The responsible
lecturer had the role of a customer and “3.4.4 Scrum Master” simultaneously. A second
lecturer also had the role of a customer. Both lecturers were the main source of requirements. The administrator of the LifeRay system, on which the software was supposed to
1

“Liferay Portal is an enterprise web platform for building business solutions [...].” Source: https:
//www.liferay.com/products/liferay-portal/nav/overview
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be installed, was the third source of requirements. Three coaches (students who already
passed the course) offered support by giving feedback to the team. The project was presented at the end of each iteration and at the end of the project to the lecturer. The
lecturer accepted the delivered work. Not all of the initially defined project goals were
implemented successfully.

5.3.2. Assessment of Agility
Review of Agility Level 1: Initial
In order to be ranked with Agility Level 1: Initial, the development team has to obey the
constraints of agile software development: iterative and incremental development with
constant iteration length as well as lean thinking. The first two constraints were obeyed
automatically since the methodology “3.2.2 Scrum” prescribes the application of iterations
and incremental delivery. Every iteration had a constant length of two weeks. At the
beginning of the project the constraint lean thinking was not obeyed by one developer.
The team identified the technologies required for implementation. One developer did
not consider the chosen technological and architectural standards and introduced new
technologies in almost every iteration. The reason for this behavior was the developer’s
personal interest in new technologies. That discrepancy regularly led to long disputes
among the team members without any valuable results. The “3.4.4 Scrum Master” and
the coaches had to support the team during these discussions. In later project phases
the developer’s malicious behavior changed. All developers respected the constraints of
agile software development after the second iteration. As a result, the development team
achieved Agility Level 1: Initial in the third iteration.
Review of Agility Level 2: Reactive
In order to be ranked with Agility Level 2: Reactive, Capability Level 1 for the dimensions
Vigilance, Decisiveness and Reactivity has to be achieved.
Capability Level 1 of Vigilance defines ”Establish comprehension of the project context
and a basic sensibility for requirements and important aspects of the project.“ Although
the comprehension of almost every project participant was not given at the beginning, this
changed during the course of the project. Developer understood the context and domain
of the application and even knew on which items team mates were working on. This
state was achieved in the third iteration. A “3.4.7 Product Owner” provided the needed
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Vigilance to gather requirements. That implies, that Capability Level 1 of Vigilance was
achieved by the development in the third iteration.
Capability Level 1 of Decisiveness defines ”Establish mechanisms which enable gathering and prioritization of project requirements.“ These tasks were accomplished by the
“3.4.7 Product Owner”. The “3.4.7 Product Owner” met with the customers and administrator on a regular basis and prioritized the requirements. That implies, that Capability
Level 1 of Decisiveness was achieved by the development team.
Capability Level 1 of Reactivity defines ”Establish a skilled and flexible team.“ At the
beginning of the project the technical skills of the team were very low. A non mandatory
prerequisite for attending the project study was, that every student had to complete
two other classes concerning programming and web development conducted in earlier
semesters. Not every developer considered this rule. That resulted in disputes among
the team members. The level of knowledge among developers was very unbalanced. This
drawback was equalized later in the course of the project. Another drawback was the
strict monitoring by the “3.4.7 Product Owner”. The “3.4.7 Product Owner” noticed the
team’s technical handicap and attempted to improve the situation by prescribing how
the developers have to implement requirements on a technical level. The behavior of the
“3.4.7 Product Owner” changed in the course of the project, since these measures did not
result in any positive effect. A “3.4.6 Cross-Functional Team” was established in the fifth
iteration of the project. That implies, that Capability Level 1 of Reactivity was achieved
by the development team in the fifth iteration.
The development team achieved Capability Level 1 for the dimensions Vigilance, Decisiveness and Reactivity. As a result, Agility Level 2: Reactive was achieved in the fifth
iteration of the project.
Review of Agility Level 3: Proactive
In order to be ranked with Agility Level 3: Proactive, Capability Level 2 for the dimensions
Vigilance, Decisiveness and Reactivity has to be achieved.
Capability Level 2 of Vigilance defines ”Shorten the time needed for requirements gathering and management of requirements to a minimum and establish quality assurance
activities.“ The time needed for requirements gathering was low. The “3.4.7 Product
Owner” and customers met frequently and discussed changing requirements or priorities
at least once a week. “3.4.2 Backlog Management” was conducted by the “3.4.7 Product
Owner”. The result of the activity was an up to date list of prioritized requirements.
Quality assurance activities likes “3.3.5 Testing” were introduced later in the course of
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the project. But tests itself were handled like a requirement that has to be implemented
rather than a tool which improves quality. This attitude did not change during the course
of the project. Tests were not executed frequently, test results were ignored. That implies,
that Capability Level 2 of Vigilance was not achieved by the development team.
As a result, the development team did not achieve Agility Level 3: Proactive. The
review of capability levels of other dimensions of agility or levels of agility is not necessary,
since the lowest capability level determines the highest level of agility. Hence the team’s
agility is ranked with Agility Level 2: Reactive.

5.4. Project Study: Indie-Web
5.4.1. Introduction and Context
Indie-Web (IW) is a project study in the field of “business information systems” conducted
by students at the University of Heilbronn (Germany) in 2016. The following text and
elevator pitch is obtained from the product flyer of IW:
“Core of the indie web concept is the slogan “you own your own data”. A problem of
the current internet is that data is stored at web-servers of the website owners. The data
get lost if the web admin deletes the website. With Indie-Web technologies you are able
to store your data at your own webserver and publish them to the public once. Based on
this idea, we created a bookmark service where you can store your bookmarks and meta
information in a text-based database. The tool also has a web user interface to present
the bookmarks. The tool is programmed in Python 3.4 with modules like flask, markdown
and requests.”
The project study started on October 7, 2015 with five participants and ended on
January 20, 2016. The project goal was to create an online software system that enables
a user to create, store, present and share Internet links (bookmarks) based on principles
of Indie-Web [Ind16]. An initial list with goals was defined after project kick off. The
software was supposed to be developed on the basis of Python2 . As for “5.3 Project Study:
Classroom Response System” the chosen development methodology was “Scrum with User
Stories” [Wir11]. During development, six iterations, each with length of two weeks,
were executed. The team met once a week in order to discuss the status and continue
2

Python is a high level programming language. https://www.python.org/
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development. Average working time was 9 hours per meeting. The development team
consisted of one “3.4.7 Product Owner” and four developers. The responsible lecturer
had the role of a customer and was the only source of requirements for this project. In
addition he had the role as “3.4.4 Scrum Master” simultaneously. The development team
did not require the services of a “3.4.4 Scrum Master” since it had the experience needed
for the application of “3.2.2 Scrum” from project studies conducted earlier. No coaches
were offered to the development team. The project was presented at the end of each
iteration and at the end of the project to the lecturer. The lecturer accepted the delivered
work. All initially defined goals were implemented successfully.

5.4.2. Assessment of Agility
Review of Agility Level 1: Initial
In order to be ranked with Agility Level 1: Initial, the development team has to comply
with the constraints of agile software development: iterative and incremental development
with constant iteration length as well as lean thinking. The first two constraints were
obeyed automatically since the methodology “3.2.2 Scrum” prescribes the application of
iterations and incremental delivery. Every iteration had a constant length of two weeks.
In addition the team was very focused on the defined goals and spent only time on research
and development tasks which were necessary and resulted in value for the team and the
customer. Principles of lean thinking were considered. As a result, the development team
achieved Agility Level 1: Initial from the very beginning of the project.
Review of Agility Level 2: Reactive
In order to be ranked with Agility Level 2: Reactive, Capability Level 1 for the dimensions
Vigilance, Decisiveness and Reactivity has to be achieved.
Capability Level 1 of Vigilance defines ”Establish comprehension of the project context
and a basic sensibility for requirements and important aspects of the project“. Since the
concept of Indie-Web was new to the development team, the team did not have the required knowledge and sensibility for the project from the beginning. The comprehension
of the project and principles of Indie-Web were elaborated during the first two iterations. A “3.4.7 Product Owner” provided the required Vigilance to gather requirements.
This implies, that Capability Level 1 of Vigilance was achieved by the team in the third
iteration.
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Capability Level 1 of Decisiveness defines ”Establish mechanisms which enable gathering and prioritization of project requirements“. These tasks were accomplished by the
“3.4.7 Product Owner”. The “3.4.7 Product Owner” met with the customer on a regular
basis and prioritized the given requirements after meetings. That implies, that Capability
Level 1 of Decisiveness was achieved by the development team in the first iteration.
Capability Level 1 of Reactivity defines ”Establish a skilled and flexible team“. Since
the project study was conducted in the seventh (and last) semester in the study field
of “business information systems”, all participants had various experience concerning
software development which has been gathered in earlier project studies. Team members
supported each other during the implementation of different kind of tasks, a “3.4.6 CrossFunctional Team” was established from the very beginning. That implies, that Capability
Level 1 of Reactivity was achieved by the development team in the first iteration.
The development team achieved Capability Level 1 for the dimensions Vigilance, Decisiveness and Reactivity. As a result, Agility Level 2: Reactive was achieved in the third
iteration of the project.
Review of Agility Level 3: Proactive
In order to be ranked with Agility Level 3: Proactive, Capability Level 2 for the dimensions
Vigilance, Decisiveness and Reactivity has to be achieved.
Capability Level 2 of Vigilance defines ”Shorten the time needed for requirements gathering and management of requirements to a minimum and establish quality assurance
activities“. The “3.4.7 Product Owner” met once a week with the customer in order to
gather new requirements. Since the team also met only once a week for development, a
higher frequency of meetings with the customer was not necessary. The “3.4.7 Product
Owner” provided a prioritized list with requirements to the team at every meeting. This
was accomplished through “3.4.2 Backlog Management” by the “3.4.7 Product Owner”.
The time needed for requirements gathering and management was at minimum. The
result was a high Vigilance concerning requirements. Similar to the situation described
in “5.3 Project Study: Classroom Response System”, the development team of IW introduced quality assurance activities like “3.3.5 Testing”, but perceived these rather as
features which just have to be implemented instead of using its benefits. Only in the
last two iterations (five and six) the team noticed the benefits of automated tests and
the execution after modification of source code. The team achieved Capability Level 2 of
Vigilance in the fifth iteration of the project.
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Capability Level 2 of Decisiveness defines ”Shorten the time needed for requirements
engineering and decision making concerning requirements to a minimum“. This goal
describes tasks similar to Capability Level 2 of Vigilance: Since the “3.4.7 Product Owner”
met with the customer often and prioritized the given requirements through “3.4.2 Backlog Management” frequently, the time needed for requirements engineering and decision
making was low. Decisions concerning the prioritization of requirements never had to
be discussed in the team. This implies, that the team achieved Capability Level 2 of
Decisiveness.
Capability Level 2 of Reactivity defines ”Establish quality assurance activities, define
standards and (design) guidelines for development and requirements definition“. Quality
assurance activities have been applied already at beginning of the project, but the test
results were ignored until the last two iterations. The utilization of the test results started
in iteration five. “3.3.12 Coding Standards” were established during the same time. One
reason for this delay was the fact, that the team was not familiar with the programming
language Python from the beginning and therefore was unable to define coding standards.
The team applied a “3.3.4 Simple Design” for the architecture. “3.3.6 Refactoring” was frequently applied after the third iteration in order to guarantee a lean code basis. Although
a “3.4.3 Definition of Done” was defined at project kick off, the proper usage and utilization occurred also not before the last two iterations. In addition the “3.4.7 Product
Owner” did not sufficiently specify acceptance criteria for development items. Developers
were faced with situations in which the “3.4.7 Product Owner” expected another result
than understood by the developers. The “3.4.7 Product Owner”’s specification skills and
acceptance criteria improved during the course of the project. After iteration four, the
development team achieved Capability Level 2 for Reactivity.
The development team achieved Capability Level 2 for the dimensions Vigilance, Decisiveness and Reactivity. As a result, Agility Level 3: Proactive was achieved in the fifth
iteration.
Review of Agility Level 4: Controlled
In order to be ranked with Agility Level 4: Controlled, Capability Level 3 for the dimensions Vigilance, Decisiveness and Reactivity has to be achieved.
Capability Level 3 of Vigilance defines ”Frequently monitor the development progress
and quality of the software. Establish measures in order to keep the team’s vigilance at
high level“. Although the proper utilization of “3.3.5 Testing” was considered in the last
two development iterations, the mechanisms of “3.3.9 Continuous Integration” and its
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chances to monitor the overall status and ”health“ of the software product were ignored
completely until project end. An automated server for integration was available to the
team from the very beginning. The team was aware of errors described in the error logs
of the server, but did not react to those. Only after the customer complained about the
code quality during final project acceptance, the team reacted and analyzed the errors
described in the server logs. Furthermore the Vigilance of the team decreased at project
end. Developers continued working at home in order to increase the development performance. But the additional work or modification of code was not monitored appropriately.
Supporting practices like “3.4.9 Daily Meetings” or “3.3.7 Pair Programming” were not
performed (anymore). This implies, that the team did not achieve Capability Level 3 for
Vigilance.
As a result, the development team did not achieve Agility Level 4: Controlled. The
review of capability levels of other dimensions of agility or levels of agility is not necessary,
since the lowest capability level determines the highest level of agility. Therefore the team’s
agility in the fifth iteration is ranked with Agility Level 3: Proactive.
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5.5. Chapter Summary
Chapter “5 Evaluation of the Maturity Model” described the evaluation process of the
maturity model for agile software development teams developed in “4 Design of the Maturity Model”. The earlier defined “1.4 Goals and Success Factors” were reviewed in “5.2
Evaluation of predefined Goals and Success Factors”. Every targeted goal was achieved.
The elaborated maturity model for agile software development teams was applied to two
project studies: “5.3 Project Study: Classroom Response System” and “5.4 Project Study:
Indie-Web” conducted by students at University of Heilbronn in Germany. The level
of agility of the software development teams involved in the project studies was determined. An interesting insight gained through the evaluation is, that the agility of both
examined software development teams in the project studies changed during the course
of the project. At the end of the projects, the agility of the teams was higher than at
the beginning. Another valuable information is, that the ability to be agile probably is
connected with the development team’s skills and experience. The team with more experience investigated in “5.4 Project Study: Indie-Web” had much less trouble to pass
the first levels of agility and achieved Agility Level 3: Proactive while the other examined
(less experienced) team in “5.4 Project Study: Indie-Web” only achieved Agility Level 2:
Reactive late in the course of the project. Furthermore all predefined project goals were
achieved by the development team of “5.4 Project Study: Indie-Web”.
Since every predefined goal concerning the maturity model for agile software development teams was achieved, and the evaluation of the maturity model provided the expected
results (the better and more experienced team proved a higher agility), it is a reasonable
assumption that the maturity model for agile software development teams works properly.
However, the absolute correctness of the maturity model has to be verified through its
application to further studies and real scenarios in the field of agile software development
in future researches.
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6. Future Work and Conclusion
6.1. Introduction to the Chapter
Chapter “5 Evaluation of the Maturity Model” described the evaluation process of the
maturity model for agile software development teams. The following chapter will present
ideas for potential “6.2 Future Work” derived from identified limitations of the maturity
model. A final “6.3 Conclusion” will complete the chapter and the present work.

6.2. Future Work
The following sections describe identified limitations of the maturity model for agile software development teams. Based on these limitations, ideas for future research will be
presented.
Classification Into Primary and Supporting Practices
Some practices analyzed in “3 Examination of Practices” had an amplifying effect on
other practices only but did not have a distinct impact on dimensions of agility. E.g.:
while “3.4.1 Iteration Planning” and “3.4.5 Iteration Review” have a distinct impact
on Vigilance, “3.3.2 Short Iterations” has an indirect effect only. “3.3.2 Short Iterations”
amplifies the effect of “3.4.1 Iteration Planning” and “3.4.5 Iteration Review” by increasing
the frequency of their utilization. A division of practices into primary and supporting
could enhance the comprehension of impact on agility and is worth to be investigated.
Decomposition of Complex Practices into Sub-Practices
Some of the analyzed practices include activities that again could be seen as distinct
practices. For example, “3.3.1 The Planning Game” has an exploration phase in which a)
a discussion concerning requirements takes place, b) the effort for the implementation of
requirements is estimated, c) a (project) plan is created. Although “3.3.1 The Planning
Game” is considered as one single practice in the present work, it would be reasonable to
split complex practices into sub-practices in order to get a more detailed picture of the
impact on dimensions of agility.
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Levels of Execution for Practices
After evaluating the maturity model for agile software development teams, the author of
the present work noticed, that some practices demand a division into levels of execution,
since not every practice is implemented by a team perfectly. This insight is supported
by Livermore [Liv06, p. 4]. A more fine-grained classification of all software development
practices would allow the division of one practice with different levels of execution into different levels of agility which again would allow an investigation of agility closer to reality.
For example: a “3.4.8 Retrospective” could be divided into three levels of execution:
Level 1: Retrospectives are held.
Level 2: Retrospectives are held, measures are created.
Level 3: Retrospectives are held, measures are created and implemented.
Considering more Agile Methodologies
Only practices from “3.2.2 Scrum” and “3.2.1 Extreme Programming” were considered
in “3 Examination of Practices”. Although these methodologies are the most common
ones [Ver14, p. 9], other methodologies like Kanban and Scrumban are becoming more
famous. An additional investigation of these methodologies and practices as well as the
utilization of the results would increase the quality of the maturity model for agile software
development teams.
Quantification of Dimensions of Agility
An example set of indicators for measuring the intensity of dimensions of agility is given
in “A.7 Indicators for Dimensions of Agility”. It is difficult to utilize these indicators for
measuring agility. Many of the given indicators are dependent on project conditions and
environment. Indicators based on the measurement of time like ”Time between the need
for a decision and decision making“ can be dependent on project size. The more people
involved in the project, usually the more time is needed in order to react to change. The
(proper) ”Frequency of status meetings“ is dependent on the project type. Projects where
requirements change frequently require a higher frequency of status meetings compared to
projects where requirements almost never change. This thought is related to Boehm’s and
Turner’s model presented in “1.3.1 Balancing Discipline and Agility”. The quantification
of the measurement is a reasonable but challenging endeavor for future research that may
increase the accuracy of the maturity model for agile software development teams.
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Verification of Impact and Assignment of Practices to Levels of Agility
The assessment of practices concerning their impact on dimensions of agility and assignment to levels of agility in the present work is based on the author’s knowledge and
experience only. The verification of the results would be sensible and could be done
through a survey in the future. Participators could be asked to assess the impact of practices on dimensions of agility and to assign them to a level of agility. The result of the
survey could then be compared with results elaborated in the present work.
Classification of Impact of Practices into Different Categories
The process of “being agile” defined in the present work is based on the dimensions
of agility: Vigilance, Decisiveness, Reactivity and Optimization (see figure 2.4 on page
34). The impact of practices on each of these dimensions was analyzed as a whole.
However, Vigilance, Decisiveness, Reactivity and Optimization are relevant for different
stages or aspects in a software development project. While Vigilance is needed in order
to gather requirements efficiently, it is also required concerning technical aspects of a
software product. For example: Vigilance in terms of requirements means the “discovery
of requirements”. Vigilance in terms of technical aspects of software development can also
mean the “discovery of defects”. Meyer divides practices into categories like “technical”
and “managerial” [Mey14]. Further categories could be “social” and “requirements”. The
division into different categories could help to focus on enhancing agility at specific aspects
of the software development process.
Application of the Maturity Model for Agile Software Development Teams
The elaborated maturity model for agile software development teams was evaluated by
applying it to two project studies conducted by students: “5.3 Project Study: Classroom
Response System” and “5.4 Project Study: Indie-Web”. An evaluation of the maturity
model through application on real software development projects could give further insights, since the context of an university does not correspond to real software development
scenarios.
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6.3. Conclusion
The maturity model elaborated in this bachelor thesis contributes to the area of measuring
agility. Many other existing tools for measuring agility of software development teams
are available, but none of these tools is based on an universal and contextless definition
of agility. An assessment of these tools revealed, that every tool is based on a different
approach concerning the measurement of agility. Further investigations conducted by
other researchers proved, that the results of existing maturity models for agile software
development teams are not comparable and differ from each other [Chr15, p. 60] [SNV+ 13,
p. 223]. The reason for this discrepancy is, that all these tools use different scales and
different underlying definitions of agility for their measurements. Hence the creation of
an universal definition of agility was a reasonable endeavor. The developed maturity
model for agile software development teams is based on such an universal definition. The
identified shortcomings of other tools were considered and avoided during the creation of
the maturity model. The following list summarizes the results of the present work:
• Current maturity models are not comparable because all of them are based on a
different definition of agility.
• Current maturity models measure agility through non standardized approaches.
• The key dimensions of agility are Vigilance, Decisiveness and Reactivity.
• The Agile Manifesto defines one further dimension of agility in context of agile
software development: Optimization.
• The Agile Manifesto defines constraints for agility in the context of agile software
development: iterative and incremental development with constant iteration length
and principles of lean thinking.
• The investigation of software development practices provides the insight, that different practices have impact on different dimensions of agility
• The elaborated maturity model has five levels of agility and three capability levels
with goals for each dimension of agility.
• An evaluation of the maturity model for agile software development provided the
expected results and confirmed proper functionality.
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All these results represent a first step towards a neutral and standardized measurement
of agility within the context of agile software development. In addition the limitations
of the elaborated maturity model for agile software development teams were identified.
Especially the strong interdependencies between practices, and the fact that complex
practices may include other ones, impede the determination of impact of single practices
on dimensions of agility. This issue and other ideas were presented as potential basis for
future research scenarios.
But although the author of this bachelor thesis acknowledges the importance of agility
in software development and its measurement, and although it seems that agility has a
positive impact on the performance of a software development team, the author agrees
with Boehm’s and Turner’s point of view concerning agile and plan-driven software development approaches: [BT03b, p. 1]
However, both approaches have shortcomings that, if left unaddressed,
can lead to project failure. The challenge is to balance the two approaches
to take advantage of their strengths and compensate for their weaknesses.
This statement was already established in 2003, almost thirteen years before the present
work was finished. But nowadays still many people only favor one development approach
and ignore or even decline the other one completely.
Nevertheless, one should be aware of the advantages both approaches provide. While
plan-driven software development approaches can be seen as kind of map prepared for a
journey (e.g. a software development project), agility is the compass that helps to get
back on track in case the chosen path on the map is blocked by an obstacle or if the
map is not up to date. Both, a map and a compass, are valuable gadgets, but only the
combination of these gadgets results in a much more efficient and powerful tool.
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A. Appendix
A.1. Impact of Practices on Dimensions of Agility
Practice

origin

Vigi.

XP

+

XP, Scrum

+

3.3.3 Metaphor

XP

+

3.3.4 Simple Design

XP

3.3.5 Testing

XP

3.3.6 Refactoring

XP

3.3.7 Pair Programming

XP

+

+

3.3.8 Collective Ownership

XP

+

+

3.3.9 Continuous Integration

XP

+

+

3.3.10 Weekly Hours Limit.

XP

+

+

3.3.11 On-site Customer

XP

+

+

3.3.12 Coding Standards

XP

3.4.1 Iteration Planning

XP, Scrum

+

+

3.4.2 Backlog Management

XP, Scrum

+

+

3.4.3 Definition of Done

Scrum

+

3.4.4 Active Optimization

Scrum

+

+

XP, Scrum

+

+

3.3.1 The Planning Game
3.3.2 Short Iterations

3.4.5 Iteration Review
3.4.6 Cross-Functional Team

Scrum

3.4.7 Product Owner

Scrum

3.4.8 Retrospective

Scrum

3.4.9 Daily Meetings
3.4.10 Self-Organizing Team

Deci.

Reac.

+

+

Opti.

+
+

+
+

+

+

+
+

+
+

+

+

+
+

Scrum, XP

+

+

+

Scrum

+

+

+

Table A.1.: Examined practices and their impact on the four dimensions of agility.
(Practices with impact are marked with a “+” for “improving” or “-” for “worsening”.)
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A.2. Weighted Impact of Practices on Vigilance
Practice

---

--

-

+

++

+++

3.3.1 The Planning Game
3.3.2 Short Iterations
3.3.3 Metaphor
3.3.5 Testing
3.3.7 Pair Programming
3.3.8 Collective Ownership
3.3.9 Continuous Integration
3.3.10 Weekly Hours Limit.
3.3.11 On-site Customer
3.4.1 Iteration Planning
3.4.2 Backlog Management
3.4.3 Definition of Done
3.4.4 Active Optimization
3.4.5 Iteration Review
3.4.7 Product Owner
3.4.8 Retrospective
3.4.9 Daily Meetings
3.4.10 Self-Organizing Team
Table A.2.: Examined practices and their weighted impact on Vigilance.
(Practices with a “high” impact are marked with “+++”, with medium impact with “++”
and with “low” impact with “+”.)
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A.3. Weighted Impact of Practices on Decisiveness
Practice

---

--

-

+

++

+++

3.3.2 Short Iterations
3.3.10 Weekly Hours Limit.
3.3.11 On-site Customer
3.4.1 Iteration Planning
3.4.2 Backlog Management
3.4.4 Active Optimization
3.4.5 Iteration Review
3.4.7 Product Owner
3.4.9 Daily Meetings
3.4.10 Self-Organizing Team
Table A.3.: Examined practices and their weighted impact on Decisiveness.
(Practices with a “high” impact are marked with “+++”, with medium impact with “++”
and with “low” impact with “+”.)
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A.4. Weighted Impact of Practices on Reactivity
Practice

---

--

-

+

++

+++

3.3.2 Short Iterations
3.3.4 Simple Design
3.3.5 Testing
3.3.6 Refactoring
3.3.7 Pair Programming
3.3.8 Collective Ownership
3.3.9 Continuous Integration
3.3.12 Coding Standards
3.4.3 Definition of Done
3.4.6 Cross-Functional Team
Table A.4.: Examined practices and their weighted impact on Reactivity
(Practices with a “high” impact are marked with “+++”, with medium impact with “++”
and with “low” impact with “+”.)
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A.5. Weighted Impact of Practices on Optimization.
Practice

---

--

-

+

++

+++

3.3.8 Collective Ownership
3.4.4 Active Optimization
3.4.6 Cross-Functional Team
3.4.8 Retrospective
3.4.9 Daily Meetings
3.4.10 Self-Organizing Team
Table A.5.: Examined practices and their weighted impact on Optimization
(Practices with a “high” impact are marked with “+++”, with medium impact with “++”
and with “low” impact with “+”.)
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A.6. Weighted Impact of all Practices on all Dimensions
Practice

origin

Vigi.

XP

+++

XP, Scrum

+

3.3.3 Metaphor

XP

+

3.3.4 Simple Design

XP

3.3.5 Testing

XP

3.3.6 Refactoring

XP

3.3.7 Pair Programming

XP

+

+

3.3.8 Collective Ownership

XP

+

+

3.3.9 Continuous Integration

XP

++

++

3.3.10 Weekly Hours Limit.

XP

++

++

3.3.11 On-site Customer

XP

+++

+++

3.3.12 Coding Standards

XP

3.4.1 Iteration Planning

XP, Scrum

++

+

3.4.2 Backlog Management

XP, Scrum

+

++

3.4.3 Definition of Done

Scrum

+

3.4.4 Active Optimization

Scrum

+

+

XP, Scrum

++

++

3.3.1 The Planning Game
3.3.2 Short Iterations

3.4.5 Iteration Review

Deci.

Reac.

+

++

Opti.

++
+++

+++
++

+

++

+
+++

++

+

3.4.6 Cross-Functional Team

Scrum

3.4.7 Product Owner

Scrum

++

3.4.8 Retrospective

Scrum

+

3.4.9 Daily Meetings

Scrum

++

+

+

3.4.10 Self-Organizing Team

Scrum

+

+

+++

++
++

Table A.6.: Weighted impact of all practices on all dimensions of agility.
(Practices with a “high” impact are marked with “+++”, with medium impact with “++”
and with “low” impact with “+”.)
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A.7. Indicators for Dimensions of Agility
1. Vigilance
1.1 Time between real occurrence of change and its detection.
1.2 Frequency of “3.4.5 Iteration Reviews”
1.3 Frequency of “3.4.1 Iteration Plannings”
1.4 Frequency of status meetings (e.g. “3.4.9 Daily Meetings”)
1.5 Frequency of execution of (automated) “3.3.5 Testing”
1.6 Frequency of execution of (automated) “3.3.9 Continuous Integration”
1.7 Frequency of meetings with customer (e.g. “3.3.11 On-site Customer”)
1.8 Frequency of requirements (re)prioritization (e.g. “3.4.2 Backlog Management”)
1.9 Dedicated person(s) for requirements engineering (e.g. “3.4.7 Product Owner”)
2. Decisiveness
2.1 Time between the need for a decision and decision making
2.2 Frequency of meetings with customer (e.g. “3.3.11 On-site Customer”)
2.3 Frequency of requirement (re)prioritization (e.g. “3.4.2 Backlog Management”)
2.4 Person(s) making decisions concerning requirements (e.g. “3.4.7 Product Owner”)
3. Reactivity
3.1 Time between a made decision and the start of the realization of the decision
3.2 Preparation work needed in order to start the realization of a decision
3.3 Frequency of source code improvement (e.g. “3.3.6 Refactoring”)
3.4 Frequency of execution of (automated) “3.3.5 Testing”
3.5 Frequency of execution of (automated) “3.3.9 Continuous Integration”
3.6 Amount of items the team currently is working on: Work In Progress (WIP)
3.7 Quality of definition of “3.3.12 Coding Standards”
3.8 Quality of source code
4. Optimization
4.1 Frequency of “3.4.8 Retrospectives”
4.2 Amount of removed impediments relative to iteration length
4.3 Amount of introduced improvements relative to iteration length
4.4 Amount of guidance needed by the team (the less, the better)
4.5 Frequency of status meetings (e.g. “3.4.9 Daily Meetings”)
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A.8. Levels of Agility
Level of Agility

Assigned Practices

Level 5: Optimizing

3.3.8 Collective Ownership
3.4.4 Active Optimization
3.4.8 Retrospective
3.4.10 Self-Organizing Team

Level 4: Controlling

3.3.2 Short Iterations
3.3.7 Pair Programming
3.3.9 Continuous Integration
3.3.10 Weekly Hours Limitation
3.4.1 Iteration Planning
3.4.5 Iteration Review
3.4.9 Daily Meetings

Level 3: Proactive

3.3.4 Simple Design
3.3.5 Testing
3.3.6 Refactoring
3.3.11 On-site Customer
3.3.12 Coding Standards
3.4.2 Backlog Management
3.4.3 Definition of Done

Level 2: Reactive

3.3.1
3.3.3
3.4.6
3.4.7

Level 1: Initial

constraints: iterative, incremental,
constant iteration length, lean thinking

The Planning Game
Metaphor
Cross-Functional Team
Product Owner

Table A.7.: Practices assigned to levels of agility.
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A.9. Capability Levels and Goals
Capab.
Level

Goal

Vigilance
3

Frequently monitor the development progress and quality of the software.
Establish measures in order to keep the team’s vigilance at high level.

2

Shorten the time needed for requirements gathering and management of
requirements to a minimum and establish quality assurance activities.

1

Establish comprehension of the project context and a basic sensibility for
requirements and important aspects of the project.
Decisiveness

3

Establish measures to enable permanent adaptation of the project’s course.

2

Shorten the time needed for requirements engineering and decision making
concerning requirements to a minimum.

1

Establish mechanisms which enable gathering and prioritization of project
requirements.
Reactivity

3

Establish mechanisms validating the whole software system and code on a
frequent basis during development.

2

Establish quality assurance activities, define standards and (design)
guidelines for development and requirements definition.

1

Establish a skilled and flexible team.
Optimization

3

Establish an autonomous, collaborating and independent working and self
improving team.

2

Detect opportunities and develop measures for using them.

1

Determine the causes of impediments and develop countermeasures.
Table A.8.: Capability Levels and goals for the maturity model.
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A.10. Agile and Plan-driven Method Home Grounds
Characteristics Agile

Plan-driven

Application
Primary Goals

Rapid value; responding to change

Predictability, stability, high assurance

Size

Smaller teams and projects

Larger teams and projects

Environment

Turbulent; high change; project-

Stable; low-change; project / orga-

focused

nization focused

Customer Rela-

Dedicated on-size customers; fo-

As-needed customer interactions;

tions

cused on prioritized increments

focused on contract provisions

Internalized plans; qualitative con-

Documented plans,

Control

trol

control

Communications

Tacit interpersonal knowledge

Explicit documented knowledge

Prioritized informal stories and

Formalized project, capability, in-

test cases; undergoing unforesee-

terface, quality, foreseeable evolu-

able change

tion requirements

Simple design; short increments;

Extensive design;

refactoring assumed inexpensive

ments; refactoring assumed expen-

Management

Planning

and

quantitative

Technical
Requirements

Development

longer incre-

sive
Test

Executable test cases define re-

Documented test plans and proce-

quirements, testing

dures

Dedicated,

CRACK* performers, not always

Personnel
Customers
Culture

collocated CRACK*

performers

collocated

Comfort and empowerment via

Comfort and empowerment via

many degrees of freedom (thriving

framework of policies and proce-

on chaos)

dures (thriving on order)

* Collaborative, Representative, Authorized, Committed, Knowledgable

Table A.9.: Agile and plan-driven method home grounds. Excerpt from [BT03b, p. 2].
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A.11. Agility Assessment Model by Escobar et al.

Figure A.1.: Agility Assessment Model. Illustration based on [ESLV12, p. 9]
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