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ABSTRACT

Context. Inrecent years there has been observed asignificant shift from plan-driven
development towards agile, which is considered as avast improvement to processes.
However, it has also been spotted that agile methodologies are hardly ever applied in their
pure form. Moreover, hybrid processes as combinations of plan-driven and agile practices
emerge. In addition, agile adoption has been reported to result in both: benefits and
limitations.

Objectives. In this study the following matters are investigated: 1) the commonness
of plan-driven and agile practices usage, 2) common practices combinations, 3) patterns for
agile adoption over time, 4) hybrid development models and 5) the actual effects of agile
adoption in terms of benefits and limitations as perceived by practitioners.

Methods. The thesis presents an empirical investigation of software development
organizations. The objectives are achieved through atargeted survey based on existing
evidence and a multidimensional data analysis. The mean for obtaining data is a web-based
questionnaire with an interactive board with practices and time indication sliders (to capture
applied development models and practices adoption strategies) and hierarchical cumulative
voting (to measure the relative significance of benefits and limitations). The data analysis is
supported by hierarchical cluster analysis and an extended hierarchical voting analysis
framework (EHV-F).

Results. In total, 45 practitioners have been successfully surveyed. The commonness
of 7 plan-driven and 14 agile practices usage was investigated. The relative significance
of agile adoption benefits (32 factors in 10 categories) and limitations (23 factors
in 7 categories) was measured with respect to global view (all respondents and perspectives),
different agile adoption strategies as well as distinguished development models.

Conclusions. It is concluded that agile practices dominate over plan-driven, however, hybrid
approaches, being combinations of plan-driven and agile practices, are frequently applied.
Itis also concluded that some practices are commonly used together since they facilitate
each other (e.g. continuous integration with testing which facilitate short iterations and
releases). Some agile practices are still unsuccessfully applied and eventually abandoned
(e.g. pair-programming), what should be further investigated by researchers. Incremental
agile adoption strategy was found to be the most beneficial approach. Itis also concluded
that agile adoption leads first of all to improved quality of working life, increased knowledge
transfer and improved verification and validation processes. On the other hand, agile
adoption is very demanding since it requires high professional skills from development
teams as well as managers. Hence, more resources should be devoted to training on agile for
all the parties involved in development. Agile is still commonly considered to be poorly
scalable. Moreover, the quality of design with agile methods is not considered as a benefit
at all. These areas should be further investigated by researchers.

Keywords: agile and plan-driven practices, agile adoption,
agile benefits and limitations.
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1 INTRODUCTION

Software development is a complex process, which includes aspects such as planning,
requirements engineering, architecture, implementation, testing and reviews as well as
inspections [41]. In order to handle the complexity and increase control over the success
factors (scope of a project, budget, deadlines [54], [55] and quality [16]), itis suggested
to use a structured approach that would organize the development process [10], [15], [40],
[54]. There can be distinguished two different development approaches: plan-driven and
agile [9], [30], [40], [45]. However, no approach is a "silver bullet" [11], [14]. Moreover,
there are home grounds (e.g. size of development teams, software criticality, predictability,
dynamism of requirements change etc.) where approaches and corresponding methodologies
dominate one another [11], [12], [41]. Nevertheless, moving from plan-driven development
towards agile is considered by practitioners as a vast improvement to the process [21].

In recent years there has been observed a significant shift from traditional, plan-driven
development towards agile approaches, which is mostly caused by the market dynamics and
constantly changing customer needs [30], [37], [45], [62]. Researchers claim that combining
the two approaches might result in recognizable advantages [9]. On the other hand, agile
adoption is considered as a challenging process [1], [2], [30]. Besides, agile is adopted
to traditional development and hybrid approaches are emerging [17], [26], [28], [45], [65].
Agile adoption results in both: benefits and limitations [41]. However, there is no clear
evidence of how and to what extent agile is adopted in industry and what the actual effects of
adoption are [21], [41], especially when time and evolution of agile practices usage is taken
into account. Dyba et al. in [21] explicitly emphasizes the lack of longitudinal studies when
investigating agile. The challenge here is to understand how and to what extent agile
approach isapplied in organizations and what the actual effects of adoption are.
The knowledge is important to practitioners as well as new adopters.

In order toaddress this research gap, this thesis presents an empirical investigation
of software development organizations that claim to have adopted agile. The development
processes are captured in terms of applied plan-driven and agile practices. The effects
of agile adoption are measured through the extent to which practitioners perceive benefits
and limitations. The data on current development processes is useful in understanding
and further cross-analyzing benefits and limitations, as those can be only evaluated properly
when having extensive context information. There are afew novel contributions to the
current knowledge. The first contribution is an exploration of the extent to which agile and
plan-driven practices are used by organizations (Contribution 1). The second contribution is
a disclosure of agile adoption strategies, applied development models and common practices
combinations (Contribution 2). The third contribution is an investigation of agile benefits
and limitations followed by creating a ranking considering relative significance of the factors
as perceived by practitioners (Contribution 3). The fourth contribution is an evaluation of the
revealed adoption strategies and development models realized through a cross-analysis of the
strategies and models with corresponding benefits and limitations perceptions
(Contribution 4). The aforementioned contributions are realized through a targeted survey
and a multidimensional analysis of the collected data. To support the research, an interactive
board with practices and time indication sliders (Contribution1 and Contribution 2),
hierarchical cluster analysis [22] (Contribution 2), hierarchical cumulative voting (HCV) [8]



and an extended hierarchical voting analysis framework (EHV-F)[4] (Contribution 3
and Contribution 4) will be applied.

The remaining part of the thesis is structured as follows: Chapter 2 presents the background
of the research, Chapter 3 shows the literature review approach and related work description,
Chapter 4 outlines the research method, Chapter 5 provides the analysis of the data,
Chapter 6 discusses the findings, Chapter 7 provides recommendations for practitioners
Chapter 8 summarizes and concludes the thesis, Chapter 9 presents all the literature
references and Chapter 10 contains appendixes to the thesis.



2 BACKGROUND

Software development is acomplex process. Software project management consists
of several sub processes run to control the development success factors. These are generally
the scope of the project, budget, deadlines [54], [55] and quality [16]. However, apart from
the rigid factors, soft factors such as communication skills and motivation are essential for its
successful completion. The project to be successful must in addition satisfy peoples' needs
and add to the business value of an organization [51]. Although proper software project
management does not imply a successful software product, a project is likely to fail if the
management is carried out wrongly [40].

The Standish Group Chaos Report [55] from 1995 revealed a great number of projects that
were cancelled before their planned termination. After 14 years [56], not much has changed,
projects success rates are still unsatisfying. The report [55] mentions top 10 sources and
reasons of projects failures. These are 1)incomplete requirements, 2)lack of user
involvement, 3) lack of resources, 4) unrealistic expectations 5) lack of executive support,
6) changing requirements 7) lack of planning, 8) absence of need, 9) lack of IT management,
and 10) technology illiteracy [55]. Another paper [15] mentions a very similar list of factors
that could derail a software project. Among them there are 1) unrealistic or unarticulated
project goals, 2)inaccurate estimates of needed resources 3)badly defined system
requirements 4) poor reporting of the project’s status, 5)unmanaged risks, 6) poor
communication among customers, developers and users, 7) inability to handle the project’s
complexity, 8) sloppy development practices and 9) poor project management [15]. Both
lists are very similar. They address common areas of software development process. The
issues of poorly formed and changing requirements, lack of communication and user
involvement as well as inappropriate project management following sloppy practices usage
seem to be significant.

To address the mentioned issues it is suggested to apply a structured approach that would
organize the development process [10], [15]. In 1997 a list of fundamental software
engineering practices was established. Itwas done with alittle help from a group
of international software engineering experts, through 2 workshops, two Delphi studies and
a web-based survey [13]. Selected findings suggest that the software process should provide
flexibility, the approach should be disciplined, improved over time and changes to software
should be planned and managed [13]. Software development should be followed
in compliance with a regular, systematic approach in order to increase a project's success rate
[40], [54]. Applying a methodology to assist the software development process is crucial.
The number of methodologies that have been created and commonly used over the past
decades acknowledge this claim. Working without a systematic approach might result
in a project failure [40]. Methodologies address most of the issues reported as potential
software project failure causes.

The literature shows a distinction between two approaches (methodologies types) towards
software development: traditional plan-driven and agile [9], [30], [40], [45]. Both approaches
are compared and contrasted in [41]. Projects following plan-driven methodologies such as
Waterfall, Rational Unified Process (RUP) or V-model are planned upfront in detail, most
of requirements are formally specified at the beginning, the project goes through separated
phases and artefacts for each of them are defined [45]. The process is disciplined and formal.



Agile approaches focus on minimization of waste (e.g. reduction ofthe number
of requirements that are elicited, documented and verified but are not eventually
implemented [45]) and increased communication with the customer, which makes up for
lacks of documentation. Responding to changes is more important than strict compliance
to a project plan [24]. Agile teams are self-organizing, aware of business goals and involved
in the life of a project on a daily basis. The most popular and recognized lightweight
methodologies are Scrum and eXtreme Programming (XP) [18], [45], [51], [62]. For each
of the methodologies there has been reported a number of both benefits and limitations that
come out with their usage [21], [43], [45].

Many papers compare approaches and state which ones are better. Moreover, it is claimed
that there is no universal methodology nor particular approach that would be versatile
enough to fit to any project type [40]. There is no "silver bullet” [11], [14]. No methodology
can offer aset of principles and practices that could be tailored to be suitable for any
purpose. Each methodology has some strengths and weaknesses. There are home grounds
(e.g. size of development teams, software criticality, the dynamism of requirements change)
where approaches and corresponding methodologies dominate one another [11], [12], [41].
Back in 1992, a certain concern was stated: "how can a system which is based on freezing
requirements work in times of uncertainty?" [14]. Over the past twenty years the statement
still is and will remain current. What has been observed recently is atendency to switch
to more flexible, adjustable approaches.

There is a number of companies that have decided to alter their development approach
by shifting from plan-driven to agile. Agile is considered as more flexible and adaptive
to constant environment and customer needs change [30], [37], [45], [62]. However, the
adoption or transformation process is challenging. The changes affect not only the
development process itself. Communication paths, user involvement, requirements and
change management as well as current management style, people and processes must be
taken into consideration [30]. Still, plan driven approaches provide better predictability,
repeatability and optimization opportunities [9]. A lot of attention is paid to architecture
design, which is very important in case of large-scale software and systems [46]. Plan-driven
approaches are also more preferable in producing secure software [63] and providing high
assurance [9].

Given the above, itis undeniable that software development companies tend to combine
plan-driven and agile approaches. However, instead of full, expensive methodology
replacement, existing processes are modified. Companies adopt new and replace currently
used practices. Researchers claim that combining the two approaches might result in
recognizable benefits [9]. Research has shown that combined approaches are feasible and,
moreover, beneficial [9], [26], [45]. Single studies describe different combinations
of methodologies. Companies follow hybrid approaches such as Capability Maturity Model
Integration (CMMI) and Scrum [32], [59], waterfall and XP [26], Scrum and XP [18].
The idea of hybrid models has already appeared in literature. An interesting example
is "a hybrid model for software development and project management” [28]. The authors
introduced the V-model with waterfall-based planning and final high-level testing with
embedded agile development (detailed design, implementation and unit testing).

Studies show that companies tend to move from plan-driven to more flexible and adaptive
processes. However, they do not decide to abandon their current processes entirely. They



keep particular former elements and complement the deficiencies with new practices. Hybrid
approaches emerge [17], [28], [65]. Single studies describe issues encountered during
different approaches adoption. The extent to which agile and plan-driven practices are used
in not obvious. Little information can be found that would reveal patterns for combining
particular practices of both approaches. Moreover, there is no clear evidence how adoption
of agile practices actually affects the development processes and meets the adopters'
expectations over time. There are also organizations that do not apply any structured
approach at all [20], [39] or, on the contrary, follow a completely plan-driven methodology.
However, these companies are beyond the scope of this research due to the focus on agile
methods.

In order to address the identified research gap, development processes of organizations
taking part in the research will be investigated. The actual development process of each
organization will be captured in terms of practices (concrete, practical activities, e.g. Scrum
daily meetings, XP pair programming). The practices will be taken from development
methodologies (Scrum, XP, Feature-driven Development (FDD), Waterfall, incremental
development etc.). Itwill show how practices from both approaches (agile
and plan-driven) are combined into development models. In order to reveal the practices
adoption strategy, time dimension will be considered. The perceived level of satisfaction
from agile adoption will be examined through measurement of significance of benefits
(advantages, positive effects, e.g. increased quality of code, soon requirements validation,
adaptability etc.) and limitations (disadvantages, barriers, issues, challenges, drawbacks, e.g.
management overhead, increased lead time, scalability etc.). They will be investigated with
respect to different development aspects (quality, employee satisfaction, scalability etc.)
and different perspectives (internal - development team perspective and external - customer
perspective). Collecting data on the actual development processes is useful in understanding
and further cross-analyzing the benefits and limitations, as those can only be evaluated when
having extensive context information.



3 RELATED WORK

Agile practices as well as limitations and benefits have been extensively studied in previous
researches. The purpose of a literature review in this thesis is to position the work and to use
the existing work on practices, benefits and limitations as input for the instrument design.
Section 3.1 discusses alternatives and selection of the literature review method. Section 3.2
presents the execution of the method and the way of preparing the lists of practices as well as
benefits and limitations. The results of literature review are available in Section 3.3.

3.1 Literature review method selection

The considered literature review techniques were 1) systematic literature review,
2) systematic mapping and 3) tertiary review. There was no need for in-depth studies
revision, data synthesis and aggregating evidence. Hence, tertiary review was recognized
as the most suitable method. It requires less resources and is sufficient for providing an
overview and background for broader research questions [33]. The method is appropriate if
existing evidence derives from high quality studies or data extraction is straightforward [33].

The goals of the literature review are 1) to position the work and 2) to identify studies as
input for the design of the survey instrument. Thereby, tertiary review method is appropriate
for the purpose of this study. Development practices, benefits and limitations have been
extensively reviewed already and the required information is explicitly stated in articles.
Another systematic literature review would be unnecessary.

The quality of the studies is not the most important aspect. The literature review outcomes
are to be used as input to the survey. Their actual significance is going to be evaluated
by practitioners. Hence, benefits and limitations might be derived from studies that are of
lower quality. The rigor and relevance are not important as the purpose of the literature
search is different. The method execution is outlined in Section 3.2.

3.2 Literature review execution

In the following paragraphs the execution of selected literature review method is illustrated.
The method was executed following some aspects of the guidelines provided
by Kitchenham [33], especially directed towards study identification and selection.

The following goals were to be achieved with the literature review: 1) to identify agile and
plan-driven practices, 2) to identify agile adoption benefits and limitations. The search
process was manual with assistance of the following scientific search engines: 1) ACM
Digital Library, 2) IEEE Xplore and 3) Engineering Village (Inspec database). The searches
were limited to conference and journal articles. If it was possible, the results were limited to
articles related to the topic of software engineering and computing. The keywords were
searched within abstracts and titles of articles. The search strings are available in Table 1.

Prior to the literature search, a set of articles relevant to the study was already available. The
initial set was complemented through the literature search. The goal of the search was to find
studies published in journals and conferences not earlier than in 2001 for practices part (the
Agile Manifesto was established in 2001 [24], so this year is a natural starting point) and not



earlier than in 2007 for benefits and limitations (this study focuses on the most recent
benefits and limitations, hence studies from a five year period were considered as the most
relevant). The study selection process was the same for practices as well as benefits and
limitations. The study selection was done in 4 steps. The first step was an automatic rejection
of irrelevant studies done by search engines (step 1). Then, the studies were selected
by reading titles (step 2). The following step was reading the abstracts and deciding whether
the contents were relevant to the study (step 3). The last step was browsing through
discussions and conclusions parts and deciding about eventual relevance of each study
(step 4). The steps with corresponding numbers of articles are presented in Table 1.

Search string Step 1 Step 2 Step 3 Step 4

(practices) and (agile or crystal or dsdm or 1929 84 20 6
scrum or xp or incremental or evolutionary

or tdd or fdd or plan-driven or rup or

v-model or waterfall)

(agile OR incremental OR agile adoption) 1500 46 12 8
AND (benefits OR limitations OR
advantages OR challenges)

Table 1. Literature review search strings and relevant articles quantities.

The studies chosen through the 4-step selection described above were all read in order
to decide whether they contained information relevant to the research. Out of all the studies,
four were considered as the most extensive and complete literature references 1) Empirical
Studies of Agile Software Development: A Systematic Review by Dyba et al. [21], 2) Agile
Software Development Adoption Survey by Kurapati et al. [34], 3) The Effect of Moving
from a Plan-Driven to an Incremental Approach with Agile Practices [45] and A Comparison
of Issues and Advantages in Agile and Incremental Development Between State of the Art
and an Industrial Case by Petersen and Wohlin [43]. They were the most recent and
extensive studies on the selected topics. The references lists of the articles were browsed
in order to check whether they actually included practices, benefits and limitations studies
and if that could provide some additional relevant articles (snowball sampling [35]) in case
they had been missed out because of inaccurate search keywords. It was noticed that the
studies were overlapping and it was decided to give up on searching for additional articles.
It seemed to be an appropriate decision when no more additional novel information could be
found [38], [39]. In total, six articles were selected to achieve the first goal of the review and
eight studies were selected to achieve the second goal of the review.

All the selected studies were thoroughly read. From among the papers, agile and plan-driven
practices as well as potential benefits and limitations were noted down.

The practices were not used in the versions in which they were initially stated since that
would prolong the survey. There was no need for distinguishing between methodologies
(e.g. XP and Scrum). Thus, similar practices were merged so as to give the idea behind.
first, the practices were classified into groups with a common denominator (e.g. small
releases are strongly linked to short iterations, FDD regular builds are related to continuous
integration and ongoing automated testing, system metaphors are similar to user stories and



a prioritized list of requirements). Then, the practices were merged and given a common
designation (e.g. short iterations and releases, continuous integration with testing, prioritized
list of requirements). Each of these practices was extended with a descriptive example
(e.g. continuous integration with testing - "software is built frequently, even a few times
a day, toresolve conflicts with other modules, accompanied with testing e.g. ten-minute
builds, automated unit, regression, acceptance testing to assure clean builds"). The final set
containing 14 agile and 7 plan-driven practices is available in Appendix A. For the purpose
of visible distinction between the two approaches, plan-driven practices are preceded
by a "#" mark.

The benefits and limitations factors were grouped in an incremental way. The initial
structure of data was flat. The factors were noted down in the form as they appeared in the
studies. In afew iterations, the factors were classified into groups with acommon
denominator (e.g. "...developers are more satisfied with their job and the product...”,
"...greater job satisfaction as the job environment is more comfortable..." and "...there is
arhythm created that people have the common ownership of the work product, itis
comfortable and relaxed, yet purposeful and productive..."). When after a few iterations the
grouping was initially done and all the factors were included, each factor was paraphrased
and complemented with an example in order to keep the descriptions consistent and
comprehensible (e.g. agile makes people feel comfortable and relaxed, yet purposeful
and productive (e.g. due tocommon ownership of product, 40 hour week, discussion
of issues). The categories were designated and extended with a description that would
characterize the contents of each group (e.g. Employee Satisfaction: Agile improves the
guality ofworking life. Employees feel more comfortable, relaxed, satisfied
and purposeful.). The categories with factors were then divided into two perspectives:
internal and external, from the development point of view and customer point of view
respectively. The categories within internal and external perspectives were distinguished and
put into classes of benefits and limitations. Due to a very low number of limitations in the
external point of view itwas decided that the limitations will be asked through a free
response step. The final list of benefits and limitations is available in Appendix B.

3.3 Literature review results

The related work presented in this chapter refers to agile and plan-driven practices as well as
agile benefits and limitations. The evidence from the studies was used as input to the survey.
Since the survey consisted oftwo main parts, 1)agile and plan-driven practices
and 2) agile benefits and limitations, there are two subsections that relate tothem
respectively.

3.3.1 Agile and plan-driven practices

Agile and plan-driven practices have already been extensively studied in different researches.
In order to develop an input list for the purpose of this research, arecent study on agile
by Kurapati et al. [34] was established as the main reference point. The researchers
investigated a number of other studies on agile practices (inter alia Dyba et al. [21] and
Williams [66]). The studies described in related work of [34] were reviewed again in order
to verify completeness of the practices set. Moreover, the agile practices set was checked
with other studies and extended with plan-driven practices, as described below.



Kurapati et al. [34] conducted a survey in order to measure the frequency of agile practices
usage, find out existing combinations and compliance to Scrum and XP. They investigated
a number of other studies in order to develop a complete list of agile practices. They came up
with a list of 25 agile practices. The researchers presented a ranking of agile practices on two
different levels - project and organization level. The researchers revealed how common agile
practices are combined and often used together.

Dogs and Klimmer [19] conducted an exploratory study on evaluation of the usage of agile
core practices. They identified the core 59 practices from several agile development
methodologies (XP, Scrum, DSDM, FDD, ASD, Crystal, agile RUP, LSD, XBreed, ISD,
AM, PP and ADT). Over 65% of responses were from organizations smaller than
50 employees and only 56% of the responses related to IT and communication systems
business. The researchers presented a ranking of the agile practices commonality.

Begel and Nagappan [36] conducted another exploratory study on agile development. They
measured the extent to which a set of 14 agile practices (e.g. from XP, Scrum, Crystal Clear
etc.) are used at Microsoft. The research involved 487 participants, however, it was limited
to one organization only. They asked participants about certain practices whether they use
them all the time, or use sometimes, or plan to, or did not use, or will never use.
The researchers presented a ranking of the agile practices commonality.

Petersen and Wohlin [45] investigated the effect of moving from plan-driven to agile
development. They presented the key plan-driven and agile principles and identified
plan-driven practices related to waterfall sequential development, RUP and V-model as well
as agile practices of iterative development, XP and Scrum. No investigation of the extent
of practices usage was in the scope of the research.

The current research extends the aforementioned studies on agile with plan-driven practices.
Furthermore, it is attempted to capture the adoption process of practices on a timeline. One
of the objectives of this research is to reveal the commonness of agile as well as plan-driven
practices usage and how that differs with respect to different context and perspectives.
Moreover, it is possible to show what hybrid models are applied by organizations and how
agile could be combined with plan-driven approaches. It is also investigated which practices
are often used together. In addition, the practices are marked on atimeline in order
toindicate the start and end point in time when each practice was introduced
in organizations. This allows toreveal how and in what order practices are adopted
or abandoned over time and what adoption strategies exist.

As mentioned before, the set of practices presented by Kurapati et al. in [34] was used as the
main reference point. The set was checked with other studies and extended with missing
practices found in the literature above. Some of the practices were grouped together since
this study focuses more on the idea behind practices than distinguishing between certain
methodologies (e.g. sprint review meeting was grouped with retrospective, coding standards
were grouped with refactoring into technical excellence, stories/features were grouped with
metaphors etc.). The purpose of the grouping was to decrease the number of similar practices
in order to mitigate the risk of respondents fatigue effect and introduce a higher abstraction
level over particular methodologies. The final set consists of 14 agile and 7 plan-driven
practices (see Appendix A for details).



3.3.2 Agile benefits and limitations

Agile benefits and limitations have been extensively studied in previous years. There
is a number of studies in which researchers attempted to identify particular factors or simply
reported positive and negative experiences from agile adoption processes.

Dyba et al. [21] conducted a comprehensive literature review on empirical studies of agile
software development. The study investigated the known benefits and limitations. However,
most of the studies under investigation were related to XP. The study outlines the benefits
and limitations without indicating their significance.

Petersen and Wohlin [43], [45] attempted to refer benefits and limitations from literature
to an industrial case. The research was based on 33 interviews carried out in a large-scale
company. The researchers tried to detect potential problems that have to be addressed
in large scale development when adopting agile. A set of advantages and issues have been
identified through the case study. It has been proved that some of the benefits reported
in literature map to the state of practice.

Petersen [42] compared two software development paradigms - lean and agile development.
The author, apart from comparing goals, principles, practices and processes of both
paradigms, mentions a list of advantages and disadvantages of applying these approaches.

Begel and Nagappan [36] conducted an exploratory study on agile development.
The research was limited to development teams at Microsoft. The researchers attempted
to ask the participants what the top 3 benefits and limitations of agile were. This part
of survey was free-response. The answers were then consolidated and a list of common
themes related to benefits and limitations was crated. A ranking of commonly reported
benefits and limitations was formed afterwards.

Vijayasarathy and Turk [64] conducted a survey of early adopters on agile development.
They reported a list of agile benefits and challenges as perceived by practitioners. They
collected the data through structured questions about factors. Moreover, the respondents had
opportunity to leave complement comments. Majority of respondents, 82%, were from
the United States of America. The study revealed aranking of benefits and limitations,
however, the method used was not explained.

Abrahamsson et al. [1] attempted to identify strengths and barriers of agile adoption
in three software companies. The companies were initially plan-driven organizations
adopting agile methods. The strengths and barriers were collected from development-related
people during interviews and workshops that were assisted by researchers.

Abrahamsson et al. [2] conducted a survey based research with a purpose of agile benefits
recognition during large-scale transformation within Nokia. Quantitative as well as
qualitative data was collected from the opinions of practitioners. In the quantitative part, the
respondents were asked to indicate on asliding scale whether they agree or disagree with
a benefit-related statement. Afterwards, the participants were asked to express
in a free-response section opinions on benefits and challenges of agile methods. A set
of benefits and limitations was identified. Many of the findings are comparable with [21] and
[43]. The study was conducted in a single organization.
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In this research itis attempted to put together all the previous findings and conduct
an exploratory study using the existing evidence. The studies that have been found during
literature review do not provide any structured view on the benefits and limitations that
would allow their classification with respect to different aspects. Hence, the collected factors
were structured into categories with similar denominator (e.g. increased quality, decreased
effort, increased feedback and confidence). The categories were then organized into three
perspectives, 1) internal agile benefits (Appendix B, Section 10.2.1), 2)internal agile
limitations (Appendix B, Section 10.2.2), 3) external agile benefits (Appendix B, Section
10.2.3). The existing studies are extended with providing an extensive ranking of benefits
and limitations with respect to different perspectives, i.e. practitioners roles. Moreover, the
data is cross-analyzed with different development models as well as diverse agile adoption
strategies.

All the prepared benefits and limitations are available in Appendix B. The benefits
and limitations relate back to the ones that were stated in the literature, but they were mostly
paraphrased and complemented with examples in order to keep the descriptions consistent
and comprehensible. The factors come from literature reviews as well as industrial cases and
exploratory studies.
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4 RESEARCH METHOD

The research was based on a survey of agile practitioners. The details of the study context,
objectives, data collection, data analysis and validity threats are illustrated in the following
sections.

4.1 Research motivation

Agile approaches have been adopted by plan-driven organizations recently [37]. It has been
reported in literature that organizations integrate practices from different methodologies [17],
[18], [26], [28], [65]. There is little evidence how these different approaches are combined
into different development models and what adoption strategies exist.

Applying agile practices leads to both: benefits and limitations [45]. However, there is no
clear evidence towhat extent agile adoption results in benefits and limitations
for organizations as well as their clients [21]. It has been claimed over years that apart from
waste reduction and improved relations with the customer layer, the enhanced development
process should provide higher quality of development artefacts, higher motivation of teams,
more efficient management processes etc. [24], [41]. However, the degree to which these
areas are affected remains unknown.

Therefore, it is attempted to measure the significance of benefits and limitations in industry,
with respect to different hybrid development models and adoption strategies. The research
is addressed to agile practitioners who use and adopt agile practices into their processes.

4.2  Aims, objectives and research questions

The aim of the research is toreveal how companies combine different development
approaches over time and what the actual effects of agile adoption are.

The aim will be achieved with following objectives:

e To identify commonness of agile and plan-driven practices usage by software
development companies.

e To find out patterns how practices are adopted and what development models exist.

o To reveal the perceived significance of benefits and limitations of agile adoption
with respect to different dimensions (e.g. knowledge and learning, quality,
scalability etc.).

e To create summary on agile adoption approaches and related possible benefits
and limitations as a set of recommendations for new adopters.

Therefore, the following research questions are to be answered within this research:

e RQ1: Which agile and plan-driven practices are used by software development
companies?

e RQ2: What are the patterns for adopting different practices and what development
models can be distinguished?
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¢ RQ3: What is the relation between agile practices adoption and its effect on different
development aspects (e.g. knowledge and learning, quality, scalability etc.).

o RQA4: What benefits and limitations can be expected regarding different agile
adoption approaches?

The rationale of the research questions is expressed through the aforementioned objectives
which support achievement of the study aim. The research questions refer to contributions
presented in Chapter 1.

4.3 Data collection method

In the following subsections there are respectively described:

e Strategy of investigation - discussion of alternatives and selection of investigation
strategy;

e Instrument design - discussion of alternatives and selection of specific methods
of collecting the desired data;

e Instrument construction - description of application of the specified method for
collecting data;

e Study execution - description of details of the established data collection method
execution;

4.3.1 Strategy of investigation

There are two types of research methods available for empirical studies, 1) qualitative
research and 2) quantitative research [67]. Qualitative research is related to interpreting
opinions of research participants, gaining understanding, discovering causes etc. Quantitative
research is suitable for collecting numerical data from a larger group of interest, thus allows
for numerical comparisons, classifications etc. For the purpose of this research, quantitative
research is appropriate as 1) the factors to be investigated are explicitly known and stated
in literature, 2) the research aims at measuring the extent of these factors in the population.
The existing evidence has been found to be complete enough to be used as input to the study.
The input data was collected according to the method described in Section 3.2. The results
of the study preparation are available in Appendix A - practices and Appendix B - benefits
and limitations.

There are four different strategies of a research investigation, 1) experiment, 2) case study,
3) survey and 4) post-mortem analysis [67]. Survey was found as the most suitable method
for the purpose of this research. The aim of the study is to generalize the results and provide
recommendations for other practitioners. In order to achieve this aim, itis attempted
to capture the current processes of software development organizations and collect real
world practitioners' opinions in a large-scale population. Case studies and experiments are
less suitable for the purpose of generalizing results when compared to surveys [67].
The purpose of the investigation is to learn what practices are used in general (RQ1) how
a broad set of organizations develops software (RQ2) and how many practitioners from
different contexts perceive agile benefits and limitations (RQ3). Having results from
a survey would also allow to compare and cross-analyze these findings (RQ2 and RQ3) and
give an opportunity to generalize them (RQ4), at least to some extent. Survey also allows
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to find experiences from a longitudinal point of view and not just for a short moment as
in experiments. Hence, survey is here the most relevant solution.

There are two common means of collecting data in a survey, 1)interviews
and 2) questionnaires [67]. Interviews allow interviewers to ask additional questions, they
might provide explanations, manage the discussion etc. They are more interactive and
flexible to different contexts than questionnaires. However, the information about agile
benefits and limitations to be investigated in the survey is already known. The results of the
literature review are the research input data. This means that all the necessary information
is available prior to carrying out the survey. The qualitatively described information has not
been investigated yet on a larger scale to draw conclusions about agile adoption in general.
For this reason, the data will be collected with a questionnaire which can be distributed
among broader sample. Questionnaire is also a more suitable technique in this case as the
resources of time and number of researchers are limited. Moreover, due to the fact that some
industrial information might be confidential and respondents would prefer to remain
anonymous, questionnaire is a more appropriate choice [25]. The opinions on perceived
benefits and limitations are subjective so maintaining the anonymity of respondents is also
essential to avoid related biases. Having a questionnaire based survey as an instrument will
make it effortless to repeat and extend the research to a broader population in future work.
The questionnaire is web-based, as it is 1) easier and 2) less expensive to distribute, 3) more
flexible to modifications, 4) provides higher level of anonymity in comparison to traditional
methods [25]. Moreover, a web-based instrument allows to provide preliminary validation
of data and additional support for the respondent while completing the survey (further details
are available in Section 4.3.2).

The research is therefore based on a survey with a web-based questionnaire. The respondents
are able to leave contact information for follow-up interviews (e.g. in case some explanations
to answers were necessary or some answers deviated significantly from the population etc.).

The main sampling strategy is convenience sampling [35]. This technique is used due to
a number of personal contacts that have experience in industry. In this case the method does
not affect the validity as each of the respondents has to define his context. The survey
is targeted in order to limit the population to organizations that explicitly claim to use hybrid
methodologies and have adopted agile over past years. The survey is mostly aimed
at companies from Poland and Sweden. It is attempted to receive more than one response
from each company in order to allow for data triangulation. If a process is defined by more
than one practitioner it should be more reliable. In addition to sending the survey to personal
contacts, an invitation to the research is posted on Twitter, Meetup, LinkedIn, Yahoo and
Google groups related to agile. This sampling is random in order increase the number
of responses and allow further generalizations. The survey is addressed to practitioners that
are involved in software development (programmers, project managers, quality assurance,
business analysts, software architects etc.).

The aim of the survey is tocollect quantitative information from aset of companies
representing the population of interest. The questionnaire is structured as described
in Section 4.3.3.
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4.3.2 Instrument design

To achieve the research objectives and answer the research questions, there was a need
of a specific instrument design.

The context information was necessary to add to the validity of conclusions of this research
and to allow generalization of the results [44]. The information allowed to refer the research
outcomes to the organizational environment characteristics and reveal differences with
respect to different context variables. There was a need to find a structured taxonomy that
would allow to position the results. The ACM taxonomy [23] was found to be inapplicable
when considering software types. The grouping was done according to highest level
elements of the taxonomy proposed by Forward and Lethbridge [23], suitable for researchers
as well as practitioners.

To capture the organizations™ current development processes as well as agile adoption
strategies, it was necessary to take the time dimension into consideration. The information
was useful in understanding and further cross-analyzing the benefits and limitations, as those
can be only evaluated when having extensive context information. To remind, the
development processes were to be defined in terms of agile and plan-driven practices. It was
decided that the most appropriate and convenient way of defining the processes was
to provide an interactive board with practices on the vertical axis and time on horizontal axis
with sliders for each practice to indicate the start and end point in time when each practice
was applied or abandoned (examples are shown in Appendix C). The respondents also had
possibility to check escape answers "didn't use" or "don't know" to avoid undesired answers
and add to the validity of the results. The design also provided an insight on the details
of practices adoption and revealed the exact order of applying and abandoning particular
practices.

In order toachieve the research objectives, itwas indispensable to measure relative
significance of particular agile benefits and limitations. To achieve this goal, itwas
necessary to create aranking of the alternatives. A suitable technique for showing the
importance of particular elements is prioritization [6]. There are afew prioritization
techniques available for software requirements prioritization, among which are 1) Analytical
Hierarchy Process (AHP), 2) Cumulative Voting (CV), 3) Numerical Assignment,
4) Ranking, 5) Top-ten requirements and 6) Wiegers Prioritization Matrix [6]. Presenting
ratio-scale priorities is more accurate and valuable than just showing items on an ordinal
scale [7]. The only suitable prioritization techniques to show relative importance were AHP
and CV [7]. Since the set of elements was numerous, AHP was excluded as it would require
to many pair-wise comparisons. Therefore, CV was chosen as the base technique. CV allows
grouping responses and showing the results from different perspectives in analysis [5], [7],
what was necessary for the purpose of answering RQ4. Moreover, there is no need for
consistency check as all the elements are considered in the voting procedure [7]. However,
there was an issue related to CV and the input data. The participants would have difficulty
in assigning points to multiple factors which were already related to different areas
(e.g. quality versus employee satisfaction) [5]. It was decided that the benefits and
limitations had to be put into categories with a common denominator so that the comparisons
would be feasible within the categories (see Section 3.2 for details). To address the issues of
prioritization, hierarchical version of CV (HCV) was applied [8]. According to Berander and
Jonsson [7], HCV works well with big sets of requirements which are put into hierarchies.
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Italso allows to show data from different levels of the hierarchy [4]. In effect, the
participants were able to conduct initial voting between categories of factors and afterwards
do the voting on items within each category.

4.3.3 Instrument construction

There was not found any on-line tool that would meet the requirements of the questionnaire.
The tool was supposed to provide an interactive board with time indication sliders and assist
the HCV execution. Moreover, it had to support two language versions. Hence, it was
decided that own implementation would be the most effective solution and would make
it feasible to conduct the survey.

The initial version of questionnaire was piloted before the final version was accessible
to practitioners. The pilot study involved two experts of agile methods from Software
Engineering Research Lab at Blekinge Institute of Technology who separately reviewed the
guestionnaire. The changes were minor, including rearrangement of questions, adding more
alternatives and free-response fields, language review, questions style unification, making
some questions optional and changing the taxonomy that classified developed applications
by type [23]. No additional factors were added. When the questionnaire was released, three
practitioners suggested a few minor changes which were eventually introduced.

The questionnaire is available on-line [53]. It is available in 2 language versions - Polish and
English. The initial page is an invitation encouraging to participate in the research.
It contains a motivational list of benefits for the participants, the purpose of the study,
introduction of the research topic and a brief description of the questionnaire steps. When the
guestionnaire was posted in communities it was provided with an extended introduction
to inform that survey was addressed to agile practitioners who have industrial experience.

The questionnaire includes three core parts:

1) Warm-up and context information
2) Practices
3) Benefits and limitations

In the first part, 1) Warm-up and context information, the participants were asked
16 questions, inter alia about their experience, role, organization size, certifications etc.
Those were multiple choice and agreement scale questions. For some of the questions there
was a free-response field tolet the participants provide their own answers. Certain
alternatives were not marked as default so as not to influence the respondents. Questions that
would allow to identify particular respondents (e.g. email address, organization name) were
optional.

The second part, 2) Practices, was implemented according tothe design described
in Section 4.3.2. For each of 7 plan-driven and 14 agile practices participants could select
whether particular practice was "never used" or the participant "didn't know" about the
practice enough or could mark the practice's start and end point on a timeline (as shown
in Appendix C). Since the overall area to organize the practices and the interactive board was
very limited, detailed descriptions of practices with examples were provided on demand
(when mouse pointer was moved over a question mark image next to selected practice).
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The third part, 3) Benefits and limitations, was based on HCV as described in Section 4.3.2.
The participants had a number of 100 points to distribute among all available alternatives.
Firstly, they were asked on the first level about benefits and limitations categories, then they
did voting within each category on the second level.

At the end of the survey the participants were asked (optionally) to leave a contact email
address and had opportunity to provide a comment about the survey.

In each step ofpart 1)there was validation mechanism which checked whether
the participant had answered all mandatory questions. In part 3), the respondent was
supported with a counter of remaining points to distribute among the voting options.
A validation script checked whether all the points had been assigned before proceeding
to the following step.

The questionnaire was personally implemented since no tool had been found that would have
supported part 2) or part 3) of the data collection instrument (as discussed at the beginning of
the section). The language used was PHP5 with support of JavaScript, JQuery framework
and MySQL database.

4.3.4 Study execution

During 8 weeks survey 63 responses were collected, out of which 45 were complete.
The survey required each participant to spend about one hour to complete the questionnaire.
Hence, each complete response added a high value to the research. However, some of the
respondents decided to quit the survey after completing the 2) practices part or skipped
the practices part and proceeded to the following 3) benefits and limitations part. Therefore,
the number of complete answers for both parts differs. For the 2) practices part it is 40 and
for the 3) benefits and limitations part it is 39. Not all of the respondents who decided to take
part in the survey decided to complete the entire questionnaire. On the other hand, even
partially complete responses were included in the analysis toincrease the value of the
research. Table 2 illustrates the relevant responses quantities.

Condition Number of relevant responses

Participants that started the survey 63
Participants that finished the survey 45
Participants that completed part 1 40
Participants that completed part 2 39
Participants that completed part 1 and part 2 34

Table 2. Numbers of responses.

The numbers in Table 2 related to part 1 and part 2 indicate quantities of the valid answers.
Each response was examined and valid here means that the respondent did not skip any
guestion nor provided answers in a thoughtless way, e.g. putting always 100 points to one
factor within each group or marking all the practices with the "don't know" answer.
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The survey was targeted. It was addressed to personal contacts from software development
organizations, mainly in Poland and Sweden. In addition, the study was posted
on communities such as Twitter, Meetup, Linkedln, Yahoo and Google groups related
to agile. Table 3 and Table 4 show how many responses come from particular countries for
practices part (Table 3) and benefits with limitations part (Table 4).

Country Number of responses

Poland 21
Sweden

United States of America
India

United Kingdom

Bolivia

France

Holland

Iran

Italy

Ukraine

Total:

Personal contacts
Communities 10
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Table 3. Spread of answers with respect to different countries (practices)

Country Number of responses

Poland 21
United Kingdom
Sweden

United States of America
India

Bolivia

Finland

France

Holland

Iran

Ukraine
Total:

Personal contacts
Communities 12
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Table 4. Spread of answers with respect to different countries (benefits and limitations)

4.4  Data analysis method

In order to provide data supporting answering RQ1, RQ2 and RQ4 itwas necessary
to capture the development processes of the organizations taking part in the survey. Each
development model was eventually represented as arow of 1 and O values. Following
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numbers were related to subsequent practices indicating whether the practice was
used (1) or not (0).

In order to answer the RQ1, it was necessary to investigate what practices are applied by
software development companies. To show the commonness of practices and their relative
positions, a simple ranking representation method was chosen. Ranking is a valid way of
data depiction for this purpose. Having the data on development processes (as described
in previous paragraph) was sufficient for creating a ranking of practices with respect to the
frequency of their usage.

In order to answer the RQ?2, it was necessary to illustrate 1) what development models exist,
2) how practices are combined and 3) what the practices adoption strategies are. To achieve
the first goal, having the initially captured models was not enough as the diversity of models
was great. To address this issue, similar models must had been initially grouped. For this
purpose, a suitable solution was hierarchical cluster analysis, However, the distance measure
algorithm was a concern as the data was not continuous, but represented with 0 and 1 values.
In this situation, Euclidean measures are not appropriate and other measures, such as
Russell/Rao Index, Jaccard coefficient, matching coefficient or Dice's coefficient had to be
considered [22]. Clustering of binary data is very similar with application of any of these
techniques [22]. Hence it was sufficient to choose any of them. Moreover, a posteriori
examination of different clustering outcomes and graphical analysis of the processes defined
by practitioners also revealed that clusters are more reasonable with this measure. The
method chosen for cluster extraction was Ward's clustering algorithm as it was claimed
to perform well at recovering clusters [22]. Eventually, a few development models were
found. The same hierarchical clustering analysis was applied in order to achieve the second
goal and find out common combinations of practices. The common practices combinations
stand for practices that are most frequently used together in development approaches defined
by practitioners. Clustering allowed to classify the practices. A few combinations were
eventually revealed. To achieve the third goal it was necessary to examine the adoption
strategies in a graphical way. Numerical analysis of data would be inefficient and the method
without appropriate validation could be flawed. A few adoption patterns were distinguished.

In order to answer the RQ3, it was necessary to show how and to what degree benefits and
limitations are perceived by agile adopters. The data collected on benefits and limitations
was structured as follows: 1) level of categories (groups of benefits and limitations) and
2) level of factors (single benefits and limitations). There was aneed to structure the
data analysis approach and apply a method that would make it possible to show the relation
among factors within groups as well as from global perspective (all factors). Kuzniarz and
Angelis developed a solid framework, EHV-F [4], which is valid for analyzing this kind
of data. The validity of the framework has been checked. The framework considers
normalization of the factors to allow comparison of the prioritized items from a global
perspective.

In order toanswer the RQ4, itwas necessary toconduct a cross-analysis of data used
toanswer RQ2 (development models, adoption strategies) and RQ3 (benefits
and limitations).

19



4.5  Threats to validity

According to Wohlin et al. [68] there are four types of validity: 1) construct validity,
2) conclusions validity, 3) external validity and 4) internal validity.

45.1 Construct validity

Construct validity is about providing proper measures and instruments to obtain data. One
of the potential threats was related to capturing the adoption strategies through the
guestionnaire. Time dimension must have been taken into consideration. Inappropriate
design could have caused incorrect indications of the order of adoption of particular, often
mutually dependent practices. Use of an interactive board with sliders mitigated the threat
and made it possible to define the processes in an straightforward graphical way. The
respondents could visualize the process as well as the order of adoption and practices
dependencies.

Another threat was related to practices as well as benefits and limitations lists. In order to
develop these lists a literature review was conducted. There was a risk associated with their
relevance and completeness. There might be more factors that were not included in the
study. However, the respondents were given an opportunity to leave comments about the
practices or missing benefits and limitations at the end of the survey. The studies found
through the literature review already did qualitative research in these areas. Moreover, they
were published in journals and that increases the reliability of the input list. In addition,
an external expert that was not involved in the research reviewed the lists and did not
identify any missing items. In case if any element was still missing, dependencies between
currently available factors and their relative significance would not change.

There is a threat of publication bias. It is related to the problem that positive results are more
likely to be published [61]. The purpose of the literature review was mostly to position the
work and provide input to the survey. There might be a threat that the least significant
benefits or limitations could be missed out. However, this threat was mitigated as described
in previous paragraph of this section. Moreover, all the implications for practitioners were
based only on the empirical results of the study. The existing evidence was mostly used as
a reference point, which was further evaluated by practitioners. Given the above, the threat
was reduced.

Another potential literature review threat is study selection bias [21]. Prior to the literature
search, a set of articles relevant to the study was already available. The keywords used for
literature search were based on these studies. As mentioned in [21], keywords used
in software engineering are not systematically defined and some important studies can be
missed out. Snowball sampling [35] technique was applied in order to reduce the risk of
omitting relevant articles. There was also a threat related to the researcher and his personal
evaluation of relevance of selected studies. To reduce this threat the choice of studies was
consulted with an experienced researcher. Moreover, a study selection process was defined
prior to the literature search.

There was also a risk related to interpretation bias. However, the data extraction was done
according to the process described in Section 3.2. No judgment was done while extracting
practices, benefits and limitations factors.

20



Another threat was related to the ability of respondents to indicate the relative significance
of benefits and limitations factors. The respondents would find it difficult and inconvenient
to compare a number of issues related to highly different development aspects. However,
the hierarchical cumulative voting allowed structuring the factors into categories and thus,
the voting could have been done within each category separately.

In order toreduce the risk of misunderstanding of the tasks and individual questions,
introductions, comprehensible descriptions and examples were provided. Moreover,
a web-based questionnaire allowed to provide support for the respondents - acounter
of remaining points to be distributed during the voting procedure. The survey was piloted
and reviewed separately by two experts of software engineering and agile development.
Improvement were introduced afterwards (as described in Section 4.3.3).

The instrument was implemented personally by the researcher. Hence there was a risk that
faults in the implementation or design could affect the results. However, the risk was
mitigated. The instrument was extensively tested and revised. The results have shown that
the answers recorder in the database are the actually given answers by respondents.

Another threat was related to incompatibilities of different language versions of the
questionnaire. The survey was available in two languages - English and Polish. The initial
version was in English, which was initially piloted and some minor language glitches were
improved. For the purpose of extensive research in Poland it was decided to translate the
survey into Polish language. The risk of wrong and ambiguous translation was partially
reduced thanks to feedback and language check by two IT developers with fluent knowledge
of both languages.

4.5.2 Conclusions validity

Conclusions validity is related todrawing correct conclusions from achieved results.
A potential threat was a misinterpretation of the results by the researcher. The data analysis
methods have been discussed with an experienced researcher. The datasets were analyzed
from many perspectives to ensure transparency. Moreover, the results were reviewed
by the other researcher. The risk is partially reduced.

Another threat is that there might be a bias in the interpretation of results, but not
misinterpreting in terms of misunderstanding. The threat is reduced in case of quantitative
studies in contrast to qualitative studies that are mainly based on free-text interpretation.
In order to further reduce the threat, the presentation of results is split from discussion and
interpretation, so that readers can draw their own conclusions in addition to what is observed
within the study analysis.

4.5.3 External validity

External validity is about the ability to generalize the study outcomes. A potential risk is that
the results are biased towards some specific context or perspective. To add to the validity
of conclusions and allow further reference and use of the results, context related information
was collected [44]. The responses come from different organization sizes, different
countries etc. However, although the survey was addressed to agile practitioners of all roles,
the distribution to the roles is not even. Most of the answers are related to programmers point
of view.
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A potential threat is related to the population and ability to generalize the results. The total
number of answers is a limitation. Due to the limited number of answers there could not be
achieved a great variety of results. This is an external validity threat that can only be reduced
by basically having much greater number of responses. There is also a validity threat with
regard to the fact that some responses were grouped. The results were presented from
different perspectives and some perspectives had very few answer in them. Nonetheless, the
survey was mainly aimed at companies in Poland and Sweden reached through personal
contacts. It was also targeted at alarger population through software development
communities, but the majority of responses came from the personal contacts. Moreover,
given the level of detail that the survey has, and the richness of the information each answer
delivers, the number of responses might be considered as high. Hence, the risk was partially
reduced. On the other hand, it was observed that a high number of responses seems
to require a network of personal contacts, otherwise a high number of responses is not easy
to achieve with this form of a survey.

The ability to generalize the sample to the population of the communities is low. The sample
is representative for the population of Polish companies. Most of the respondents declared to
develop data-dominant software (customer oriented software, business-oriented software,
information display and transaction entry) [23]. The organizations were almost equally
divided into four categories of size. The majority of respondents claimed to represent teams
of less or equal to 10 members. Most of the answers are related to programmers point
of view. However, as the perception of development models might be firmly affected by
different perspectives, it was decided to present the results with distinction between
particular roles. In addition, perceptions of benefits and limitations were analyzed with
respect to different adoption strategies and development models, which are further
introduced and described in Chapter 5 and Chapter 6.

Since the cross-analysis of development methods and adoption strategies with perceived
benefits and limitations has not been done before, it is impossible to prove external validity
by relating to other studies. However, there was a study on agile practices adoption, which
results are similar tothis research [34]. Moreover, the results related to benefits and
limitations are tosome degree similar toother studies [36], [64], what adds
to the external validity of this research.

4.5.4 Internal validity

Internal validity is about the causal effect of the treatment on the outcome. Cognitive biases
must have been considered. The biases recognized as significant for the study are as follows.
The first threat was the social desirability bias related to concerns of the respondents about
the assessment by the researcher. However, anonymity was guaranteed to the respondents
and this threat was eliminated. Another risk was response bias. The respondents were not
asked their opinions on positive and negative aspects of agile at the same time. These parts
were separated. All the questions were phrased in the same fashion. Moreover, people were
asked opinions on elements within categories, all of which were related to common aspects.
On the other hand, it was not feasible to make sure that each respondent had read through all
the possible answers in the voting part of the questionnaire or answered truthfully with
respect to his beliefs. However, the survey was mostly targeted and relied on personal
contacts. All these actions partially reduced the risks.
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There is also a risk associated with confounding factors that could affect results of
aresearch [60]. The study by Boehm [9] has shown that the choice of a particular
development method, which relates to both: agile and plan-driven approaches, might depend
on many aspects, inter alia skills of developers, customers availability, product domain and
organization size. The development approach also is affected by teams cohesion [47]. The
same process might be recognized in a different manner from different roles'
perspectives [60]. The perception of agile benefits and limitations also might depend on
these factors (e.g. agile scalability might be perceived differently in small organizations
if compared to large-scale companies). Moreover, in this context it is also dependent on the
followed process and the degree of compliance to it by the teams [60]. In order to reduce
related threats and add to the validity it was attempted to capture the context of each
respondent as well as followed development approaches before the perception of benefits
and limitations was measured. However, the threat of study maturation was high. Not all
factors could be recorded and a compromise must have been made. The context part was
related to respondent's profile, role, experience, product domain, organization size, teams
size. Team cohesion was not investigated in the survey. The development models were
recorded only in terms of practices and indications whether they are used or not. Hence, the
degree of compliance remains unknown. In order to control the confounding factors [60]
the analysis was done with respect to different perspectives, which classified responses with
similar parameters (e.g. similar development models, similar adoption strategies, different
roles, different sizes etc.). However, this is a correlation based study where relationships are
investigated. It is not a cause-effect study. The purpose is to see if things appear together
or change when something else changes. This does not mean that there is a cause-effect
relationship [3].

Another threat was related to maturation of the survey. The survey was extensive and
required the respondents to spend about one hour to complete the entire questionnaire.
However, the respondents were informed before completing the survey about the estimated
time of completion and consciously decided to spend the specified time on completing the
questionnaire. Moreover, the maturation threat was also considered in the instrument design.
The practices grouping and focusing on internal perspective of benefits and limitations were
actions undertaken towards the maturation threat reduction. Hence, the threat is mitigated for
the practices adoption part and partially reduced for the benefits and limitations part.
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5 RESULTS

The survey began with questions about respondents’ demographics and organizational
context of the organizations. Context information is very important when drawing
conclusions [44]. It also helps to aggregate the evidence, make comparisons of the results
from different perspectives and refer to the results data by other organizations [44]. This
information supports providing answers to all the research questions.

The core part of the survey consisted of two main parts. Both were designed and developed
to provide data to answer all the research questions. The first step was to provide answers
about agile and plan-driven practices usage and their combinations. This was useful
in understanding and cross-analyzing the related benefits and limitations, as those could only
be evaluated properly when having extensive context information. The second step was
to measure the relative importance level of agile benefits and limitations as perceived
by practitioners. Further details on the instrument design are available in Chapter 4.

The data from Section 5.2 is crucial to provide answers to research questions
RQ1 (Sections 5.2.1, 5.2.2, 5.2.6) and RQ2 (Sections 5.2.3, 5.2.4, 5.2.5). The data from
Section 5.3 will be used to answer RQ3 and RQ4 (multidimensional analysis
of Sections 5.2.4 and 5.2.5 results with a part of RQ3 data).

5.1 Demographics

5.1.1 Overview of participants

In the development process there are involved people of diverse interests and needs [50].
Table 5 shows the distribution of answers among respondents with respect to their
perspective and current role in the organization. Most of the responses come from
programmers (44.44%), process experts (17.22%) and project managers (13.33%). That
allows the data collected through the survey to be analyzed from different points of view.
The least number of answers was collected from system analysts (2.17%) and agile coaches
(4.44%). The results are able to represent the point of view of the core activities
of developer/programming perspective, less of the business analysis and consulting
perspective. These could be captured more extensively in future work.

The "Avg (exp. in years)" column shows the average experience of the respondents
in software development. There are patterns of how IT engineers proceed in their careers
(e.g. starting from programmers role) before they take managerial positions in organizations
[48]. Hence the average experience varies with respect to selected, subsequent roles.
The most experienced group of respondents are process experts (16.46 years). Project
managers , Quality Assurance and Business Analysts have the average experience of 8 years.
The least experienced groups of respondents are programmers (4.9 years). In general, the
respondents are experienced enough to provide answers to the survey.
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Role name Avg (exp. in years) Responses Part of population

Programmer 4.9 20 44.44%
Process expert 16.46 11 24,44%
Project manager 8 6 13,33%
Quality Assurance 8 4 8,89%
Business Analyst 8 4 8,89%
Total 45 100,00%

Table 5. Spread of answers with respect to different roles.

The responses are grouped by the software type that is produced by the organizations,
according to the taxonomy proposed by Forward and Lethbridge [23]. The results and
corresponding software types are available in Table 6. Most of the answers (80%) fall
into the category of data-dominant software (e.g. web browsers, implementation tools,
applications for displaying information, online booking etc.). The second group
(13.33%) is control-dominant software (e.g. hardware control, embedded software, real-time
software). The last not empty group (6.67%) is systems software (e.g. operating systems,
support utilities, middleware). The group that had no responses is computation-dominant
software (e.g. hardware control, information processing).

Software type Responses \
Data-dominant software 80.00%
Control-dominant software 13.33%
Systems software 6.67%
Computation-dominant software 0.00%

Table 6. Spread of answers with respect to application type.

The organizational culture differs (e.g. in terms of flexibility, absence of bureaucracy,
rigidity in decision-making and many more) with respect to its size [27]. The distribution
of responses with respect to organization size is even, as shown in Table 7. The data will
allow to compare and contrast further results on a balanced basis.

Organization size Responses

less than 50 31.11%
50 - 249 20.00%
250 - 4499 26.67%
more than 4500 22.22%

Table 7. Spread of answers with respect to different organization size.

The most frequently reported development team size was "less than eleven™ (around 76%
of responses) as presented in Table 8. Still, there have been answers that revealed teams
of more than10, 20 or 40 members (8.89, 8.89% and 6.67% respectively).
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Team size Responses

less than 5 37.78%
5to 10 37.78%
10 to 20 8.89%
20-40 8.89%
more than 40 6.67%

Table 8. Spread of answers with respect to team size.

The respondents were asked to optionally leave information about their organization name.
Table 9 shows the unique companies and how many people belong to each of them. Only 30
out of 45 respondents decided to provide their company name.

Percent of answers  Organization id

33% not available

7% Organization 1, 2, 3

4%, Organization 4, 5

2% Organization 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,17 ,18, 19, 20, 21,
22

Table 9. Spread of answers with respect to unique organizations.

5.1.2 Development process perception

The respondents were asked to answer how often had they followed the current development
process that they attempted to define. The results are shown in Figure 1. About 40% of the
respondents declared a throughout knowledge of the process, 44% answered that they had
followed the process in many projects and 15% had followed the process at least in a single
project.

Experience with the process

M Followed the process in a
single project

Followed the process in
many projects

M Throughout knowledge of
the process

Figure 1. Experience of the respondents with their development process.
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Respondents were asked to express their opinion on how atypical development process
in their organization works from different perspectives: themselves, the team and
organization itself. They had to answer the question on an agreement scale from the most
satisfying option (strongly agree) to the least satisfying one (strongly disagree). Figure 2
shows the distribution of answers with respect to the mentioned perspectives. The first
observation is that the "strongly disagree” appears only in the respondent's perspective
(2 responses). The "agree" answer gets the highest amount in all perspectives. However, the
"disagree™ opinion still gets significant amount of responses in all perspectives (10, 13 and 9
for following levels).

The company's typical development
process works well for ...
25
20
MW strongly agree
15
agree
M neutral
10 ——
W disagree
c W strongly disagree
0]
myself team organization

Figure 2. General opinions on the followed development processes.

5.2 Practices

This part of results corresponds tothe "practices usage" step of the survey. The main
objectives of this part were to1)investigate the commonality of particular agile
and plan-driven practices usage (Section 5.2.1 and Section 5.2.2), 2) reveal how practices are
combined and used together (Section 5.2.3), 3) reveal currently applied development models
(Section 5.2.4) and patterns how agile practices are adopted (Section 5.2.5), 4) as well as
present the most commonly abandoned practices (Section 5.2.6).

Respondents were asked to define their development processes in terms of practices.
Not only had they totick the practices that are applied by their organization, but also
to specify on atimeline when each practice was adopted/abandoned (see Appendix C for
details). In total in the set of practices, there were 21 elements - 7 practices typical for plan-
driven approaches and 14 for agile. Due to the complex form of the question, the practices
had to be grouped beforehand into categories with a common denominator (e.g. “prioritized
list of requirements™ stands for "tasks in a backlog as features/user stories - short statements
of the functionality, system metaphors - stories about how the system works"), as described
in Section 3.2.
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The sections will be structured in a similar way to the arrangement presented in [44]. The
results of this research will be compared tothe study results in [44] as the
area of investigation is similar. Although some base elements and ideas are common in both
studies, they still vary in terms of goals and research entities. The idea is to compare and
contrast results of both studies. The existing evidence is extended. The paper and its relation
to the research is described in more detail in related work, Section 3.3.

Section 5.2.1 and Section 5.2.2 present the commonality of practices use from two different
perspectives, 1) global view - all responses and 2) different organization size view - with
respect to different size of organizations. The comparison of different organization sizes
is only an external observation. The idea is to show that the rankings might be very different
if we consider different points of view. However, presenting the rankings from other
perspectives is out of the scope of this research. Hence no other perspectives are here
presented.

5.2.1 Commonality of practices usage (global view)

The respondents were asked to define their development processes in terms of plan-driven
and agile practices. Figure 3 shows the extent to which particular practices are applied by the
investigated population. Plan-driven practices are marked with a "#" sign before the name
of each element. The practices were captured at the current time frame.

Use of agile and plan-driven practices (all)

Face-to-face communication

Prioritized list of requirements

Continuous integration with testing

Small self-organizing cross-functional teams
Frequent planning/reporting

Iteration reviews, retrospectives

Collective code ownership

Shortiterations and releases

Iteration planning meeting

Time boxing

Technical excellence

# Repeatable development process

# Up-front documentation of requirements
Test-driven development

# Extensive time planning

# The project follows a sequential flow of phases

On-site customer

# Bigbangintegration and infrequent releases
# Detailed management plans and process documentation

Pair-programming

# Detailed up-front architecture design ;é—d

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 3. Use of agile and plan-driven practices (global view).

As mentioned before, the results are presented in a form similar to the one suggested by [44]
in order to make the comparisons between the papers feasible and more legible. The
practices are put into three categories, 1) common (over 66% of answers inclusively, black
colour), 2) less common (between 33% and 66% exclusively, gray colour) and 3) seldom
(below 33% inclusively, light gray colour). In contrast to [44], the set of practices is slightly
different - similar agile practices are grouped, moreover, the list is extended with plan-driven
practices.
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The practices fall into the categories as follows:

e Common: Face-to-face communication, Prioritized list of requirements, Continuous
integration with testing, Small self-organizing cross-functional teams, Frequent
planning/reporting, Iteration reviews/retrospectives, Collective code ownership.

e Less common: Short iterations and releases, Iteration planning meeting, Time
boxing, Technical excellence, # Repeatable development process, # Up-front
documentation of requirements, Test-driven development, # Extensive time
planning, # The project follows a sequential flow of phases,

e Seldom: On-site customer, # Big bang integration and infrequent releases, # Detailed
management plans and process documentation, Pair-programming, # Detailed
up-front architecture design

The practice with the highest amount of answers (83%) is an agile practice, Face-to-face
communication (e.g. team sits together, open space office facilitating interaction with other
team members, video conferences if the team is distributed, speaking to the target person
instead of passing information through written documents etc.). The lowest amount
of answers (20%) was assigned to a plan-driven practice, # Detailed up-front architecture
design (e.g. detailed and extensive design of entire software architecture, use of diagrams
and models, formal documentation, architecture evaluation with respect to quality
attributes).

Almost half of the plan-driven practices (3 out of 7) fell into "seldom" category and
represent 60% of the entire seldom group. The remaining 4 plan-driven practices belong
to the "less common™ category. None of plan-driven practices can be found in the "common
category”. The highest amount of answers for aplan-driven practice was assigned
to # Repeatable development process, which is 58% of answers. Out of the agile practices,
only 2 fell into the "seldom" category - Pair programming (25%) and On-site customer
(30%).

5.2.2 Commonality of practices usage (different organization size
view)

All the responses presented in Section 5.2.1 are here shown from a different perspective.
A deviation in answers has been observed when comparing the practices with respect
to different size of organizations. The results are shown for 1) organizations with less than
250 employees (21 answers) in Figure 4 and 2) organizations with at least 250 employees
(19 answers) in Figure 5. The respondents had 4 organization size categories to choose from
(Table 7). Although the categories were balanced, the number of responses for each of them
separately was considered to be insufficient to make comparisons among them. The order
of practices is consistent with the order from the first part of results on practices (Figure 3).
The practices are not newly ordered on purpose to show how they differ from the entire
population and between both points of view.
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Face-to-face communication

Prioritized list of requirements

Continuous integration with testing

Small self-organizing cross-functional teams
Frequent planning/reporting

Iteration reviews, retrospectives

Collective code ownership

Shortiterations and releases

Iteration planning meeting

Time boxing

Technical excellence

# Repeatable development process

# Up-front documentation of requirements
Test-driven development

# Extensive time planning

# The project follows a sequential flow of phases
On-site customer

# Bigbangintegration and infrequent releases
# Detailed management plans and process documentation
Pair-programming

# Detailed up-front architecture design

Use of agile and plan-driven practices (<250)

0%

10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 4. Use of agile and plan-driven practices (organization size <250).

Face-to-face communication

Prioritized list of requirements

Continuous integration with testing

Small self-organizing cross-functional teams
Frequent planning/reporting

Iteration reviews, retrospectives

Collective code ownership

Shortiterations and releases

Iteration planning meeting

Time boxing

Technical excellence

# Repeatable development process

# Up-front documentation of requirements
Test-driven development

# Extensive time planning

# The project follows a sequential flow of phases
On-site customer

# Big bang integration and infrequent releases
# Detailed management plans and process documentation
Pair-programming

# Detailed up-front architecture design

Use of agile and plan-driven practices (>=250)

0%

10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 5. Use of agile and plan-driven practices (organization size >=250)
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The charts were complemented with auxiliary vertical lines indicating the base lines for the
categories of practices usage frequency (common - >=66%, less common - >33% and <66%
and seldom - <=33%). The first observation is that some of the practices, in comparison with
the global view, move between previously revealed settings. The colours of bars indicate the
initial categories (black - common, gray - less common and light-gray - seldom). The figures
are further analyzed in Section 5.2.2.1 and Section 5.2.2.2.

5221 Use of agile practices (size <250)

The previously highest ranked practice, Face-to-face communication, remains on a similar
level (around 81%), however, other agile practices become more popular among this part
of respondents population (Continuous integration with testing 81%, Small self-organizing
cross-functional teams 81%) at the head of which comes Prioritized list of requirements
(86%). Collective code ownership has lower popularity in the considered organization size
(62%) and would be moved to the "less common™ group. However, the practice Iteration
planning meeting previously classified as "less common™ - 63%, would be from this
perspective assigned to "common" with result of 71% of answers.

In the perspective of organization size lower than 250 members, plan-driven practices
classified as "less common™ lose on popularity (e.g. # Repeatable development process from
58% to 43%), whereas agile practices remain on asimilar level with one exception.
The On-site customer practice, previously classified as "seldom", significantly rises in the
ranking from 25% up to 48%.

In general, increased popularity of agile practices has been observed when considering
organizations with less than 250 employees. Plan-driven practices got lower amount
of answers than in the global perspective and were ranked respectively lower.

5.2.2.2 Use of agile practices (size >=250)

The situation in this part of population is quite different - 2 out of 7 agile practices
previously classified as "common” fall into the lower category. First, so far, plan-driven
practice is moved to the "common" category - # Repeatable development process (from 58%
to 74%). Technical excellence agile practice goes up in the ranking. Moreover, 3 out of 6
previously "seldom" plan-driven practices go up in the ranking as well. The On-site customer
becomes the least popular practice with result of 11%.
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5223 Contrast of the perspectives

The differences become more visible when both perspectives are compared and contrasted
directly against each other. The exact numbers are presented below in Table 10.

Practice Size <250 Size >=250 | Difference

# Repeatable development process 33% 68% 35%
On-site customer 43% 11% 32%
Technical excellence 43% 68% 26%
Prioritized list of requirements 81% 58% 23%
# Detailed mgmt. plans and process documentation 14% 37% 23%
Iteration planning meeting 67% 47% 19%
Test-driven development 38% 53% 15%
Small self-organizing cross-functional teams 76% 63% 13%
# Big bang integration and infrequent releases 19% 32% 13%
Collective code ownership 57% 68% 11%
Continuous integration with testing 71% 63% 8%
# Extensive time planning 29% 37% 8%
Pair-programming 24% 16% 8%
# Detailed up-front architecture design 14% 21% 7%
# Up-front documentation of requirements 48% 42% 6%
Short iterations and releases 62% 58% 4%
Iteration reviews, retrospectives 67% 63% 4%
# The project follows a sequential flow of phases 29% 32% 3%
Face-to-face communication 76% 79% 3%
Frequent planning/reporting 67% 68% 2%
Time boxing 52% 53% 0%

Table 10. Comparison of practices commonness for different organization sizes.

Table 10 presents all the practices, how common they are in organizations with less than 250
employees, more than 250 and the absolute difference between these values respectively.
The practices where the difference is higher than 10% are highlighted and further remarked.
The practices are ordered in descending order with respect to the difference in frequency

of usage. The main observations are as follows:

1. On-site customer practice is rarely applied in big organizations, whereas it is

common in small companies.

2. Plan-driven practices, such as # Repeatable development process, # Detailed
management plans and # Big bang integration and infrequent releases are more

common in big organizations.

3. Agile practices such as Prioritized list of requirements, Iteration planning meeting,
Small self-organizing cross-functional teams and Continuous integration with testing

are more popular in small organizations.

4. On the other hand, agile Technical excellence and Collective code ownership

practices are more popular in big organizations.
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5.2.3 Practices combinations

Table 11 illustrates the most common combinations of practices. The following observations
and naming is based on the table. The clusters were achieved with help of hierarchical
cluster analysis. Ward's algorithm and Russell/Dao coefficience method were used in order
to find out the clusters.

Agglomeration preview (Russell/Dao) ‘

Step Grouped Coefficience
Class1 Class2
Clusterl FaceFaceCom PrioriReqs ,300
Cluster2 IterRevRetr SmallTeam ,575
Cluster3 Clusterl FreqPlaRep ,842
Cluster4 IterPlanMeet Cluster2 1.100
Cluster5 ConlintegTest ShortlterRel 1.350
Cluster6 CollCodeOwn Cluster3 1.583
Cluster7 Cluster5 Cluster4 1.785
Cluster8 TimeBox TechExcell 1.985
Cluster9 Cluster7 Cluster6 2.164
Cluster10 Cluster8 Cluster9 2.334
Clusterll  # RepProcess TDD 2.472
Clusterl2 # UpfrRegsDoc # SegPhases 2.572
Cluster13 Clusterll Cluster10 2.669
Clusterl4 # BigBanginteg # ExtTimePla 2.757
Cluster15 Clusterl4 # DetMngPla 2.828
Cluster16 Clusterl2  # DetUpfrDesi 2.878
Cluster17 OnsiteCust PairProgram 2915
Cluster18 Clusterl6 Clusterl5 2.936
Cluster19 Cluster18 Clusterl7 2.891
Cluster20 Cluster19 Clusterl3 2.502

Table 11. Common practices combinations.

The most common combinations of practices in the population are represented by following
clusters and practices:

e Cluster3 - Face-to-face communication; Prioritized list of requirements; Frequent
planning/reporting,

o Cluster4 - Iteration planning meeting, Iteration reviews and retrospectives; Small
self-organizing cross-functional teams,

o Cluster5 - Continuous integration with testing; Short iterations and releases.
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Less accurate but more numerous classifications of applied combinations of practices are:

o Cluster6 - Face-to-face communication; Prioritized list of requirements; Frequent
planning/reporting; Collective code ownership

o Cluster7 (Cluster4+Cluster5) - Iteration planning meeting, Iteration reviews and
retrospectives; Small self-organizing cross-functional teams, Continuous integration
with testing; Short iterations and releases.

e Cluster8 - Time boxing; Technical excellence.

Cluster9 merges Cluster6 and Cluster?7. Clusterl0 merges Cluster8 and Cluster9. Cluster10
groups 11 agile practices in one cluster.

Less common combinations than the combinations presented above start with plan-driven
practice:

e Clusterll - # Repeatable development process; Test-driven development.

The plan-driven practice in Cluster1l is the only one from this group that is merged with the
clusters of common agile practices (Clusterl13) before the final grouping that includes the
entire population (Cluster20).

The remaining less common combinations are as follows:

e Clusterl2 - # Up-front documentation of requirements; # The project follows
a sequential flow of phases

o Clusterl4 - # Big bang integration and infrequent releases; # Extensive time
planning

e Clusterl5 - # Big bang integration and infrequent releases; # Extensive time
planning; # Detailed management plans and process documentation

o Clusterl6 - # Up-front documentation of requirements; # The project follows
a sequential flow of phases; # Detailed up-front architecture design

The clusters are eventually merged into larger groups of plan-driven practices.
Pair-programming and On-site customer are omitted in the analysis in this context as they
were most rarely applied of all the practices and these results are insufficient for further
consideration.

5.2.4 Development models

The classification shown in Table 12 represents the top thirteen clusters including
respondents with similar development processes with respect to the practices they claimed
to apply. The following clusters represent the most common development models in the
population. The distance of other clusters after visual analysis of the development models
was found as relatively high and the processes differed too much accept these combinations
as actual. The class members shown in Table 12 (e.g. A23 and A33 in Clusterl) refer to
responses from practitioners, where for instance A23 equals one full questionnaire response
from one participant.
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Agglomeration preview (Russell/Dao)

Step Grouped Coefficience
Classl Class2
Clusterl A23 A33 357
Cluster2 A26 A28 714
Cluster3 A8 A50 1.048
Cluster4 Clusterl Cluster2 1.357
Cluster5 Cluster3 A47 1.643
Cluster6 Cluster5 Al4 1.917
Cluster7 Cluster6 Cluster4 2.179
Cluster8 Al18 A21 2.440
Cluster9 A9 A39 2.679
Cluster10 A5 A42 2.893
Cluster11l Al A40 3.107
Cluster12 A16 Al9 3.321
Cluster13 Cluster9 Cluster8 3.524

Table 12. Common development models.

At the top, there are 3 clusters that group organizations with very similar development
processes:

e Clusterl - Answers A23, A33,
e Cluster2 - Answers A26, A28,
e Cluster3 - Answers A8, A50.

However, these clusters are strongly related to each other. Cluster4 groups Clusterl and
Cluster2. Then, two more answers are combined with Cluster3 - answers A47 and Al4
into Cluster6. Afterwards Cluster7 is created with total 8 answers within. After deeper
investigation, itwas observed that the further Clusterl2 members are similar to the
organizations presented in Cluster?7. The decision was to merge these clusters for the analysis
purposes. The eventual Clusterl6é grouping clusters Cluster7 and Clusterl2 becomes
the most numerous cluster of companies with similar development processes, including:

e A23, A33, A26, A28, A8, A50, A47, Al4, Al6, Al9.
The similarity of development models can be observed in Table 13 and Table 14.

Still similar combinations of practices, but different from the mentioned above, are
represented by following clusters:

e Cluster8 - Answers A18, A21,
e Cluster9 - Answers A9, A39,

e Cluster10 - Answers A5, A42,
e Clusterll - Answers Al, A40.
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Finally, clusters Cluster8 and Cluster9 were merged into Cluster13. Eventually, there have
been distinguished 4 clusters that represent different development models in terms of applied

practices.

e Cluster16 (10 members) - Agile process with a few plan-driven practices
o Clusterl3 (4 members) - Hybrid, balanced process

o Cluster10 (2 members) - Agile process

o Clusterll (2 members) - Plan-driven process with a few agile elements

The clusters show in general what models are followed by organizations. The clusters and

more detailed information on the processes are presented in Table 13 and Table 14.

Practice Answer 1D
23 | 33 26 | 28 8 | 50 47 | 14 16 | 19
# Up-front documentation of requirements X X X X
# Detailed up-front architecture design
# Big bang integration and infrequent releases
# Extensive time planning X X X
# The project follows a sequential flow of phases
# Detailed mngm.plans and process documentation X
# Repeatable development process X X X X X X X X
Time boxing X X X X X X X X X X
Continuous integration with testing X X X X X X X X X X
Short iterations and releases X X X X X X X X X X
Iteration planning meeting X X X X X X X X X X
Iteration reviews, retrospectives X X X X X X X X X
Test-driven development X X X X X X X
Collective code ownership X X X X X X X X X
Face-to-face communication X X X X X X X X X X
Technical excellence X X X X X X X X X X
Small self-organizing cross-functional teams X X X X X X X X X X
On-site customer X X X X
Frequent planning/reporting X X X X X X X X X X
Prioritized list of requirements X X X X X X X X X
Pair-programming X X X X X
Clusterl Cluster2 Cluster3 Cluster5 | | Cluster12
Cluster4 Cluster6
Cluster7
Cluster16

Table 13. Development models with practices details for Cluster16.
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Answer ID

Practice

18 21 9 39 5 | 42 1 40
# Up-front documentation of requirements X X X X X X
# Detailed up-front architecture design X X X
# Big bang integration and infrequent releases X X X
# Extensive time planning X X X
# The project follows a sequential flow of phases X X X X
# Detailed mngm plans and process documentation X X
# Repeatable development process X X X X
Time boxing X X X
Continuous integration with testing X X X X X X
Short iterations and releases X X X X
Iteration planning meeting X X X X X X
Iteration reviews, retrospectives X X X X X X X
Test-driven development X X
Collective code ownership X X X X X X X
Face-to-face communication X X X X X X
Technical excellence X X X X X
Small self-organizing cross-functional teams X X X X X X X X
On-site customer X X X X
Frequent planning/reporting X X X X X X
Prioritized list of requirements X X X X X X
Pair-programming X

Cluster8 Cluster9 Cluster10 Cluster1l
Cluster13

Table 14. Development models with practices details for Cluster13, Cluster10, Cluster 11.

Members of Cluster16 claim to use all of the agile practices with a few exceptions. There is
some disagreement in applying following practices: 1) On-site customer (applied in 40%
cases), 2) Pair-programming (50% cases), 3) Test-driven development (70% cases).
However, the remaining practices are agreed on at least 90% of cases. Members of Cluster16
strongly agree on applying # Repeatable development process practice (80%). There are less
noticeable signs of applying other plan-driven practices: 1) # Up-front documentation
of requirements, 2) # Extensive time planning, 3)# Detailed management plans and
documentation.

Members of Clusterl3 apply many agile practices (from 64% to 71% of the entire set).
Pair-programming and Test-driven development are not applied at all. The group
is characterized with frequent application of # Up-front documentation of requirements
(100%) and # Detailed up-front architecture design (75%). The remaining plan-driven
practices are also applied by the members. The development process is a balanced hybrid
and mixture of agile and plan-driven practices, where the average ratio of plan-driven
practices and agile is 2/3 respectively.

Process described by members of Cluster10 is purely agile. All the practices applied by these
organizations are agile.
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Process described by members Clusterll is dominated by plan-driven practices. The
members claim to apply 6 out of 7 plan-driven practices (# Detailed up-front architecture
design is not applied).

All the mentioned clusters and processes they depict will be analyzed with respect to the
respondents perception of benefits and limitations that appear with their application in
Chapter 6.

5.2.5 Agile adoption strategies

With respect to the method introduced in Chapter 4, the respondents were asked to mark on
a timeline the points in time when each agile or plan-driven practice was adopted by their
organization. This allows to investigate how the practices combinations are developed.
The order of practices and strategies of adoption can be observed (e.g. big-bang adoption,
incremental).

The data was analyzed in a graphical way. For each of the responses, a graph with practices
and their layout with respect totime was drawn. An example of a graph with practices
showing an agile adoption strategy is available in Appendix C, Section 10.3, in Figure 25.
Out of all responses, 18 cases were found as relevant to investigate agile adoption strategies.
Four groups have been distinguished. The criteria for creating the groups were as follows:
the initial process (e.g. plan-driven or agile or both), the change of process over time
(e.g. if some practices are adopted, are any other abandoned - transition). The distribution
of answers among groups is shown in Table 15. The groups are described below:

e Group 1: Organizations that significantly transform from plan-driven to agile;

e Group 2: Organizations that enrich their plan-driven process with agile practices;

e Group 3: Organizations that have initially a very complex development process and
shape the process over time (top-down style).

e Group 4: Recently created organizations building their processes over time
(bottom-up style).

Group Number of organizations

Group 1 4
Group 2 3
Group 3 2
Group 4 9

Table 15. Agile adoption patterns.
Group 1: Organizations that significantly transform from plan-driven to agile

Members of this group are characterized by a definitely plan-driven process at the beginning.
Some practices classified as agile are also present in the initial process (e.g. Face-to-face
communication, Technical excellence, Frequent planning and reporting). The final process
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is dominated with agile practices with elements of plan-driven approach. There are two
patterns for the transition.

The first pattern (pattern 1) is that the transition is done in an incremental way. The initial
transition starts with adopting some agile practices to the plan-driven process. These are
mostly Continuous integration with testing, Short iterations and releases, Pair-programming.
When they are adopted, first plan-driven practices are removed from the process. These are
# The project follows a sequential flow of phases, # Big-bang integration and infrequent
releases, # Detailed management plans and process documentation. After some time the
process is once again extended with aset of agile practices: Iteration planning meeting,
Iteration reviews/retrospectives, Prioritized list of requirements. Around the same time,
# Detailed up-front architecture design and # Extensive time planning are abandoned. Other
plan-driven practices remain a part of the process until today - # Up-front documentation
of requirements and # Repeatable development process. The final transition is based on other
agile practices adoption: Small-self organizing cross-functional teams, Collective code
ownership, Test-driven development, On-site customer.

The second strategy (pattern 2) is a big-bang transition. The initial, definitely plan-driven
process with elements of agile (e.g. Technical excellence, Collective code ownership, Time
boxing) is changed all at once. The # Up-front documentation of requirements, # Detailed
up-front architecture, # Big-bang integration and infrequent releases, # Extensive time
planning and # The project follows a sequential flow of phases practices are abandoned
simultaneously. At the same time, Small self-organizing cross-functional teams and Face-to-
face communication are introduced. In a very short time, Continuous integration with testing
and Short iterations and releases are adopted. The process is later on extended with Test-
driven development, Iteration planning meetings, Pair programming and Iteration
reviews/retrospectives. The # Repeatable development process and # Detailed management
plans and documentation practices are not abandoned.

Group 2: Organizations that enrich their plan-driven process with agile practices

Members of this group (pattern 3) are characterized by a definitely plan-driven process at the
beginning. There are some elements of agile (e.g. Collective code ownership, Face-to-face
communication, Technical Excellence). The process remains plan-driven all the time,
however, more agile practices are adopted to improve the process. At first, Continuous
integration with testing is adopted. Then, for example, Short iterations and releases, Small
self-organizing cross-functional teams and Prioritized list of requirements are integrated
into the process.

Group 3: Organizations that have initially a very complex development process and
shape the process over time (top-down style)

Members of this group (pattern 4) are characterized by a complex initial process, which is
a combination of many agile as well as plan-driven practices (around 85% of all practices
present in the survey). The process is shaped over time and some practices are abandoned,
most of which are plan-driven. There is a pattern that the practices abandoned at first are
specific for plan-driven approach. For example, following practices are removed at once
from the process: # The project follows a sequential flow of phases, # Detailed management
plans and documentation, # Repeatable development process. In some cases, the initial big
set of practices is later on reduced by some agile practices (e.g. Pair-programming, On-site
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customer, Test-driven development and Continuous integration with testing) or gradually by
remaining plan-driven practices (e.g. # Extensive time planning, # Up-front documentation
of requirements, # Repeatable development process). Practices such as Short iterations and
releases, Iteration planning meeting, Iteration reviews/retrospectives, Collective code
ownership, Face-to-face communication and Prioritized list of requirements are present
in the process eventually. The final process is characterized by dominance of agile with some
plan-driven practices.

Group 4: Recently created organizations building their processes over time (bottom-up
style)

Members of this group are characterized by a simple initial process. There is a few patterns
how the process is built towards the eventual combination of practices.

The first pattern (pattern 5) refers to organizations that have started their development model
with a few agile practices and extended it with both: agile and plan-driven practices in later
stages. They transform from pure agile processes towards a hybrid of both approaches.
For example, a process starts with Continuous integration with testing, Iteration planning
meeting, lteration reviews/retrospectives and On-site customer. Afterwards, itis
complemented with # Project follows asequential flow of phases and # Up-front
documentation of requirements. Prioritized list of requirements is adopted subsequently.
Another example is that an organization starts with a set of agile practices - Face-to-face
communication, On-site customer and Prioritized list of requirements. However, over some
time there is abig-bang adoption of other agile and plan-driven practices - # Up-front
documentation of requirements, # Project follows a sequential flow of phases, # Detailed up-
front architecture design for plan-driven and Iteration planning meeting, Iteration
reviews/retrospectives, Collective code ownership, Time boxing, Technical excellence,
Small self-organizing cross-functional teams and Frequent planning/reporting. The final
process is a hybrid of agile and plan-driven approaches.

Another pattern (pattern 6) refers to organizations that have started their development
process with a set of agile practices. The set is extended over time with other agile elements.
The initial set of practices was as follows: Time boxing, Short iterations and releases,
Iteration planning meeting, lteration reviews/retrospectives lteration planning meeting,
Iteration reviews/retrospectives, Frequent planning/reporting and Prioritized list
of requirements. Subsequently, the process was extended with adoption of Continuous
integration with testing, Test-driven development, Collective code ownership, Small self-
organizing cross-functional teams. The eventual process is purely agile.
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5.2.6 Practices abandonment rate

Table 16 shows what practices are abandoned over time. They are ranked with respect to the
ratio of how many times they were abandoned in relation to the number of times they were
ever adopted.

Practice Adopted Abandoned Abandoned %
# Detailed up-front architecture design 18 9 50.00%
# Detailed mngm plans and process documentation 23 11 47.83%
# The project follows a sequential flow of phases 24 10 41.67%
# Big bang integration and infrequent releases 18 6 33.33%
# Extensive time planning 22 7 31.82%
# Up-front documentation of requirements 28 8 28.57%
Pair-programming 14 4 28.57%
Test-driven development 23 4 17.39%
Continuous integration with testing 34 4 11.76%
# Repeatable development process 26 3 11.54%
Frequent planning/reporting 32 3 9.38%
Time boxing 25 2 8.00%
Technical excellence 26 2 7.69%
On-site customer 14 1 7.14%
Face-to-face communication 36 2 5.56%
Iteration planning meeting 26 1 3.85%
Short iterations and releases 27 1 3.70%
Iteration reviews, retrospectives 29 1 3.45%
Small self-organizing cross-functional teams 31 1 3.23%
Prioritized list of requirements 31 1 3.23%
Collective code ownership 28 0 0.00%

Table 16. Practices abandonment rate.

The top six abandoned practices on the list are plan-driven practices: # Detailed up-front
architecture design, # Detailed mngm plans and process documentation, # The project
follows asequential flow of phases, # Big bang integration and infrequent releases,
# Extensive time planning, # Up-front documentation of requirements. Afterwards, there are
three agile practices that organizations remove from their development processes over time:
Pair-programming, Test-driven development, Continuous integration with testing.
# Repeatable development process is the last practice that is abandoned in more than 10%
cases. The remaining practices are rarely abandoned, in less than 10% cases.
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5.3  Agile benefits and limitations

The data on agile benefits and limitations received from the respondents will be analyzed
with assistance of EHV-F framework for analysis ofthe hierarchical voting [4].
The framework will be adapted to the characteristics of data of the research. The framework
allows to analyze the datain astructured and systematic way. The framework explicitly
designed for the type of data and has been evaluated to be a reliable analysis technique.
Section 5.3.1 illustrates the datasets. Section 5.3.2 describes how the original version of the
framework was adapted for the purpose of the study. Section 5.3.3 shows the results with
respect to different perspectives. Section 5.3.4 presents categories and factors that were
assigned 0 points most frequently.

5.3.1 Analysis datasets

All the data that was collected in the survey is structured into four datasets. The datasets
depend on the perspective from which the data was collected. Internal refers to development
perspective and external refers to the customer perspective. The datasets are as follows:

o |AB: internal agile benefits data (2 levels, quantitative)
e |AL: internal agile limitations data (2 levels, quantitative)
o EAB: external agile benefits data (1 level, quantitative)

The full variant of the framework will be applied to assist analysis of the first two datasets:
IAB and IAL. These datasets contain 2-level data that was collected with use of HCV [8].
The framework will be used in two iterations. Each of the two perspectives will be analyzed
separately.

The third dataset, EAB, will be analyzed with assistance of a reduced version of the
EHV-F [4] framework. EAB will be analyzed only with respect to categories view, which
is described below since the data is only single level depth (no hierarchy).

5.3.2 EHV-F framework analysis adaptation

In the original form of the framework, the data was analyzed from two basic points of view -
objects and subjects [4]. However, the datasets used in both researches are different. There
will be introduced an additional point of view for the purpose of this research - datasets.
Eventually, the data will be analyzed from three points of view:

e Objects - data structured by the categories of objects (the categories of benefits and
limitations)

o C: categories view - answers that refer to the main categories of benefits and
limitations.

0 F: factors view - answers that refer to the factors that fall into each of the
benefits and limitations categories. The data will be analyzed from two
points of view:

= FL: Local view - factors are analyzed among themselves in each
category.
= FG: Global view - factors are analyzed from the global perspective.
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e (datasets - data structured by the category of dataset.
o0 IAB: internal agile benefits data.
o0 IAL: internal agile limitations data.
0 EAB: external agile benefits data.
e subjects - data structured by the categories of subjects (the categories imposed by the
subjects classification)
o F: flat view - answers of all respondents are considered
0 S: structured view - answers of respondents classified as follows:
= SR:role view: answers classified by distinct roles in organizations.
= SDM: development models view: answers classified by
development models identified in Section 5.2.4.
= SAS: agile adoption strategies view: answers classified by the
strategy of agile adoption. The categories are introduced in Section
5.2.5.

The EAB dataset, in the objects point of view, will be only analyzed from categories
perspective as the data is not hierarchical.

As described in [4], analysis of the factors in categories is not necessary as the required
information will be already present in the global analysis. An important remark, also
mentioned in [4], is that when the data will be analyzed from the global point of view, all the
values have to be normalized with respect to the number of items in each category.

5.3.3 Analysis execution

In the following subsections, all the results are shown according to the method described
in Section 5.3.2. The benefits and limitations for the purpose of presenting the results are
qualified into 3 categories: 1) significant - top three factors of each ranking, 2) least or not
significant - bottom three factors of each ranking and 3) less significant - elements in the
middle each of ranking, not belonging to the side categories. However, if a particular factor
is ranked relatively close to or distant from the top or bottom group, it might be decided
to classify the factor to another category.

A brief overview of following subsections is presented below:

e Section 5.3.3.1 (C, IAB, All) Categories point of view, internal agile benefits,
all respondents view

e Section 5.3.3.2 (C, IAB, SR) Categories point of view, internal agile benefits, roles
view

e Section 5.3.3.3 (C, IAB, SDM) Categories point of view, internal agile benefits,
development models view

e Section 5.3.3.4 (C, IAB, SAS) Categories point of view, internal agile benefits,
adoption strategies view

e Section 5.3.3.5 (C, IAL, All) Categories point of view, internal agile limitations,
all respondents view

e Section 5.3.3.6 (C, IAL, SR) Categories point of view, internal agile limitations,
roles view

e Section 5.3.3.7 (C, IAL, SDM) Categories point of view, internal agile limitations,
development models view
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e Section 5.3.3.8 (C, IAL, SAS) Categories point of view, internal agile limitations,
adoption strategies view

e Section 5.3.3.9 (C, EAB, All) Categories point of view, external agile benefits,
all respondents view

e Section 5.3.3.10 (C, EAB, SR) Categories point of view, external agile benefits,
roles view

e Section 5.3.3.11 (C, EAB, SDM) Categories point of view, external agile benefits,
development models view

e Section 5.3.3.12 (C, EAB, SAS) Categories point of view, external agile benefits,
adoption strategies view

e Section 5.3.3.13 (F, IAB, All) Factors point of view, internal agile benefits,
all respondents view

e Section 5.3.3.14 (F, IAB, SR) Factors point of view, internal agile benefits, roles
view

e Section 5.3.3.15 (F, IAB, SDM) Factors point of view, internal agile benefits,
development models view

e Section 5.3.3.16 (F, IAB, SAS) Factors point of view, internal agile benefits,
adoption strategies view

e Section 5.3.3.17 (F, 1AL, All) Factors point of view, internal agile limitations,
all respondents view

e Section 5.3.3.18 (F, IAL, SR) Factors point of view, internal agile limitations, roles
view

e Section 5.3.3.19 (F, IAL, SDM) Factors point of view, internal agile limitations,
development models view

e Section 5.3.3.20 (F, IAL, SAS) Factors point of view, internal agile limitations,
adoption strategies view

In each of the figures in the following subsections, dark grey bars represent mean values
and black error bars (over the grey ones) show +/- one standard deviation. Standard deviation
indicates the variance of data around the mean value and shows agreement or disagreement
in opinions of people. Although standard deviation is never a negative value, the error bars
are sometimes below zero. That might happen if the answers in the population are very
different.

533.1 (C, 1AB, All) Categories point of view, internal agile benefits, all
respondents view

Descriptions of all the following categories are available in Appendix B, Section 10.2.2.
As shown in Figure 6, the most significant benefits category is "Knowledge and learning".
Less significant are "Employee satisfaction". Afterwards, there come "Feedback
and confidence" and "Social Skills development" categories, with almost equal values of the
mean value. They are followed by "Verification and validation”, "Monitoring and
controlling™ and "Quality". The less important categories of benefits are "Adaptability”,
"Planning and estimations" and "Decreased effort". The spread around the mean value
is the largest in case of "Adaptability" and "Employee satisfaction” categories. It means that
the level of disagreement was greater within these categories when compared to the others.

44



25
20
15 T T T T
) I
0 1 T T I I I
< 2 X o ) QA & oA
) {\\o‘% IS & &25\ IS \\\o"O S :.{\06
A CHE N F & & & & & K
- A S & KR8
S < & ) > 9 & o3
o? S NP SR > v
\e’boo Q\ON\ \l:b ‘\:’l}\\ ’AQD(\ & (&;b Q
2 S :
(\0“}' (é(\ 2’80 0"{5\ . {‘\\db ) ‘\@" ‘b(\(\\
v A ° \\?} \3\0{\ Q\
Figure 6. Categories point of view, internal agile benefits, all respondents.
5.3.3.2 (C, 1AB, SR) Categories point of view, internal agile benefits, roles view

With respect to all perspectives, as shown in Figure 7, the opinions on the significance
of agile benefits are very diverse. There are no apparent prioritization patterns for
the benefits categories. Following remarks have been observed:

o "Knowledge and learning" is a significant benefit from the point of view
of Programmer, Project Manager and Process Expert roles. It is rated as less
significant from other perspectives, except for Quality assurance, as it is rated as one
of the least significant groups.

o "Employee Satisfaction™ is a category ranked as significant from the point of view
of Programmer and Project Manager roles. From the other perspectives it is less
significant, whereas it is considered as not significant from Quality Assurance point
of view.

o "Feedback and confidence" is significant from Process Expert and Quality
Assurance perspectives. From other points of view it is seen as a less significant
benefit.

e "Social skills development™ is significant from Programmers and Project Manager
perspectives. On the other hand, it is recognized as one of the least significant
categories from the perspectives of Business Analyst, Quality Assurance and Process
Expert roles, where it is ranked as the bottom category.

e "Verification and validation™ category is seen as a significant benefit category from
Programmer, Business Analyst and Quality Assurance perspectives. It is recognized
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as a less significant benefit from Process Expert point of view and as the least
significant from Project Manager perspective.

e "Monitoring and controlling™ is seen as a significant benefit category from Business
Analyst and Project Manager point of view. However, it is less significant from the
other perspectives.

e "Quality" is seen as the least significant factors category from Programmer, Project
Manager and Business Analyst perspectives. However, it is seen as significant from
Process Expert and Quality Assurance perspectives.

e "Planning and estimations™ is a significant benefits category from the point of view
of Business Analyst role. From the other perspectives it is rather seen as less
significant except for the Project Manager role, where it is recognized as the least
significant category.

e "Adaptability" is only seen as a less significant benefits category from Project
Manager perspective. It is ranked as the least significant category from the other
perspectives.

e "Decreased effort" is seen as a significant benefits category only from the point
of view of Quality Assurance role. It is considered as the least significant from the
other perspectives.

Programmers and Project Managers have relatively similar opinions on the benefits
categories, except for "Monitoring and controlling”, which is seen as a significant
improvement from the managerial point of view. Both roles' representatives also find
"Employee satisfaction” as significant, on the other hand, Process Expert do not recognize
this category as significant at all.

Project Managers do not recognize "Planning and estimations" as a significant agile benefits
category. The find "Decreased effort" category as relatively the least significant category
among all the perspectives. Moreover, it is not seen as a significant category also from other
perspectives, except for Quality Assurance role, where it is recognized as significant.

In contrast to the other roles, Business Analyst and Quality Assurance representatives find
improved "Verification and validation" processes as one of the most significant benefits
categories. The respondents representing these roles also highly agree on their opinions.

Process Expert and Quality Assurance roles' representatives claim that "Quality"
is asignificant agile adoption benefits category. However, it is not recognized
as a significant category at all from the other perspectives.

Representatives of Business Analyst, Quality Assurance and Programmer roles show more
agreement on the opinions in relation to the other perspectives. There is a high disagreement
on the significance of the benefits from the point of view of Project Managers and Process
Experts. Business Analyst perspective respondents agree on the significance of improved
"Verification and validation" and "Monitoring and controlling”. The Quality Assurance
perspective respondent agree on the significance of improved "Verification and validation”
and "Decreased effort".
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Figure 7. Categories point of view, internal agile benefits, roles view.

5.3.3.3 (C, 1AB, SDM) Categories point of view, internal agile benefits,
development models view

Figure 8 shows the rating of internal agile benefits with respect to different development
models.

Rating provided by organizations following "Agile process with a few plan-driven practices"
is very balanced. The significant benefits categories are "Verification and Validation",
"Quality", "Employee Satisfaction”, "Knowledge and learning”, "Monitoring and
controlling™ and "Feedback and confidence". Less significant are "Social skills development”
and "Adaptability”. The least significant benefits categories as seen from this development
model's perspective are "Planning and estimations™ and "Decreased effort".

The "Hybrid, balanced process” followers ranking is less balanced than the previous one.
The significant categories are "Social skills development”, "Knowledge and learning",
"Feedback and confidence", "Monitoring and controlling™ and "Employee Satisfaction". Less
significant are "Adaptability”, "Quality”, "Planning and estimations”, Verification
and validation". The least significant category is "Decreased effort".

The ranking of categories provided by "Agile process” followers is more varied. The most
significant category is "Employee satisfaction”, followed by "Knowledge and learning"
and "Feedback and confidence". Less significant are "Social skills development” and
"Quality". The least significant categories are "Verification and validation", "Decreased
effort” followed by "Planning and estimations”, "Monitoring and controlling” and
"Adaptability" at the bottom of the ranking.

The ranking provided by "Plan-driven process with a few agile practices" followers
is different from the predecessors. The significant benefits category is "Verification and
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validation". Less significant categories are "Knowledge and learning" and "Adaptability".
The least significant categories are "Social skills development"”, "Planning and estimations"
followed by "Feedback and confidence”, "Employee satisfaction”, "Monitoring and
controlling" and "Decreased effort" with "Quality" as the very last category. People that
follow a plan-driven practices dominated approach significantly appreciate the adaptability
of agile methods.

"Verification and validation” is relatively the most highlighted category among all the
perspectives. It is seen as a vast improvement by "Plan-driven process with a few agile
practices” followers.

In general, if the results are grouped by development models, the variance in opinions is
much lower when compared to the perspective of participants' roles in Section 5.3.3.2. The
opinions of "Agile process with a few plan-driven practices" and "Hybrid, balanced process"
followers are the not varied among the responses.

50
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25 Social skills development
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15 Monitoring and controlling
10 - B Quality
c Planning and estimations
Adaptability
O -
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elements afew agile
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Figure 8. Categories point of view, internal agile benefits, development models view.

5.3.34 (C, 1AB, SAS) Categories point of view, internal agile benefits, adoption
strategies view

The charts in Figure 9 show the significance of agile benefits categories from the point
of view of different practices adoption patterns. The strategies are described in detail
in Section 5.2.5.

The "great incremental transition from plan-driven towards agile" pattern followers find
"Adaptability", "Feedback and confidence" and "Quality" as significant categories. They
recognize "Planning and estimations” and "Decreased effort” as the least significant
categories. In contrast to the other patterns, agile "Adaptability" is here seen as the most
significant category. Whereas the respondents agree on the high importance of
"Adaptability" and "Feedback and confidence", the opinions on increased "Quality" are split.
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The "great big-bang transition from plan-driven towards agile" pattern followers prioritize
the categories differently than the "incremental” predecessors. They see "Verification and
validation”, "Monitoring and controlling” and "Planning and estimations” as significant
benefits categories. Whereas they strongly agree on the high rating of "Verification and
validation", the opinions on "Monitoring and controlling” and "Planning and estimations™ are
split. The least significant categories are "Feedback and confidence”, "Quality" and
"Adaptability". The ranking of top and bottom benefits categories for this group and the
"incremental™ approach are quite opposite.

The "incremental adoption of agile practices to a plan-driven process" pattern followers see
"Verification and validation”, "Knowledge and learning” and "Adaptability" as significant
agile benefits categories. The remaining categories are seen relatively less important and
below the average, thus they are categorized as the least significant. In contrast to the other
patterns, relatively the most significant categories from this perspective are "Verification and
validation” and "Knowledge and learning”. However, the variance is much higher the
"Verification and validation" category what means that the respondents have greatly varied
opinions on their significance. On the other hand, the respondents agree on the significance
of agile "Adaptability".

The "tailoring a complex hybrid process™ pattern followers find "Knowledge and learning",
"Quality" and "Planning and estimations" as significant benefits categories. The rest
of categories are less significant except for "Adaptability” which is ranked as the least
significant. In contrast to the other patterns, "Planning and estimations" is seen as
a significant category with high agreement of respondents. The pattern followers mostly
agree on their opinions. However, high disagreement can be observed in opinions
on "Quality" related benefits category.

The "developing an initial simple agile process by adopting both: agile and plan-driven
practices" pattern followers ranking is rather flat. The respondents find "Feedback and
confidence”, "Quality", "Monitoring and Controlling" and "Planning and estimations” as
significant agile benefits categories. The other categories are ranked in a relatively similar
way and are categorized as less significant except for "Social skills development™ which
is ranked as the least significant.

The "developing an initial simple agile process by adopting only agile practices" followers
ranking is rather varied. The significant categories are "Verification and validation",
"Knowledge and learning" and "Feedback and confidence". The remaining categories are
ranked in a very similar manner. There is no dominant "least significant™" category. The most
relatively significant category is "Verification and validation". Moreover, the respondents
agree on high significance of this group. They also highly agree on significance of
"Feedback and confidence" benefits category. However, the spread of answers with respect

to "Knowledge and learning", "Quality", "Adaptability" and "Decreased effort" is great.
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Figure 9. Categories point of view, internal agile benefits, adoption strategies view.

5.3.35 (C, 1AL, All) Categories point of view, internal agile limitations, all
respondents view

Descriptions of all the following categories are available in Appendix B, Section 10.2.4.
Figure 10 presents a chart of mean values of agile limitations categories. "Professional skills
specific demands" is the most significant category. Then, itis followed by "Scalability".
Then, there are two categories on avery similar level: “Increased testing effort” and
"Limitations to specific product domains™” respectively. The least significant categories
in opinion of the respondents are "Employee dissatisfaction”, "Increased process effort" and
"Lead time and efficiency". There is a high variance of opinions about the most significant
"Professionals skills specific demands" limitation category.
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Figure 10. Categories point of view, internal agile limitations, all respondents view.

5.3.3.6 (C, 1AL, SR) Categories point of view, internal agile limitations, roles view

As shown in Figure 11, the opinions on the significance of agile limitations are less diverse
than the opinions on benefits. However, they are still varied, but more common patterns can
be found there. Following remarks have been observed:

o "Professional skills specific demands" is a significant limitation category from all
the perspectives. However, the disagreement of respondents opinions is high.

e "Scalability" is also seen as a significant limitations category, especially from
Programmer, Business Analyst and Process Expert perspectives. From Quality
Assurance perspective it is rated as the one of the least significant categories.

e "Limitation to specific product domains" is seen as a significant limitations category
from Programmer, Project Manager, Business Analyst and Quality Assurance
perspectives. It is seen as the least significant category from Process Expert
perspective.

o "Increased testing effort” is ranked as significant only from Quality Assurance
perspective (top category). There is a high agreement on the rank for this category.
From the other perspectives it is seen as a less significant category.

o "Employee dissatisfaction™ is seen as the least significant limitations category from
Project Manager and Business Analyst perspectives. It is a less significant limitation
category from the other perspectives.

e "Increased process effort™ is seen as the least significant limitations category from all
perspectives, except for Project Manager where it is seen as significant.

e "Lead time and efficiency" is seen as a less significant limitations category from
Project Manager, Business Analyst and Quality Assurance perspectives. From the
other points of view it is seen as the least significant category.

The opinions of the respondents are very varied among all perspectives. The highest
agreement can be observed on the significance of "Increased testing effort” from Quality
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Assurance perspective and "Limitation to specific product domains" from Business Analyst
perspective.

Table 17 presents mean values of the voting on agile adoption limitations with respect to
different roles. In the table there are marked the minimum (light blue - not significant) and
maximum (light pink - significant) values of the means.

Programmer Project  Business Quality Process
Manager Analyst Assurance Expert

Professional skills 24.15789 21 14 15 41.25
specific demands
Scalability 14.31579 16 25  12.33333 18.75
Limitation to specific 14.21053 17 225  14.33333 5
product domains
Increased testing effort 12.15789 12.8 13.25  18.33333 15.625
Employee 13.15789 5 4.5 15 13.75
dissatisfaction
Increased process effort 10.63158 17 95 11.66667 3.75
Lead time and 11.36842 11.2 11.25  13.33333 1.875
efficiency

Table 17. Agile adoption limitations with respect to different roles (mean values).

Process Experts noticeably find the "Professional skills specific demands” as the most
significant limitations category when compared to other roles. The category is not seen
as significant from Business Analyst perspective.

"Scalability" is seen as a significant limitations category from Business Analysts perspective.
However, the Quality Assurance representatives find the scalability inabilities of agile as not
significant limitations.

Process Experts do not recognize "Limitation to specific product domains" limitations
category as significant at all when compared to the other perspectives. However, from the
other perspectives the significance gets relatively higher. It is recognized as the most
significant limitations category from Business Analyst point of view.

In opinions of Quality Assurance respondents, "Increased testing effort” is noticed. On the
other hand, Programmers find this category as relatively not significant.

Business Analysts in contrast to other perspectives do not find agile adoption as a reason for
"Employee dissatisfaction". The category is relatively most significant from Quality
Assurance role point of view, however, from the global perspective of all limitations it is still
around the average value.

Process experts find "Increased process effort” as the least significant limitations category
when compared to other points of view. Project Managers recognize the category
as a significant limitation.

Process experts do not consider "Lead time and efficiency” as a limitation category at all
when compared to the other perspectives as well as the global view (mean value
of 1.875 pts.). Representatives of the other roles have similar opinions on a medium
significance of this limitations category (below the average).

52



80
70 . . .
Professional skills specific demands
60
W Scalability
50
B Limitation to specific product
domains
40
| Increased testing effort
30
| B Employeedissatisfaction
20 | [,
| M Increased process effort
10 — — — —
Lead time and efficiency
O T T T
Programmer  Project Business Quality Procéss
10 Manager Analyst Assurance Expert

Figure 11. Categories point of view, internal agile limitations, roles view.

5.3.3.7 (C, IAL, SDM) Categories point of view, internal agile limitations,
development models view

The "Agile process with a few plan-driven practices" followers ranked "Professional skills
specific demands™ as a significant limitations category. However, the opinions are very
diverse. They see "Scalability" and "Increased testing effort" as less significant limitations
categories. The least significant categories are "Employee dissatisfaction”, "Limitation
to specific product domains”, “Increased process effort” and "Lead time efficiency".

The "Hybrid, balanced process" followers opinions are even. The significant limitations
categories are "Scalability", "Increased process effort" and "Lead time and efficiency". They
ranked "Professional skills specific demands", "Increased testing effort" and "Employee
dissatisfaction” as the least important categories. The variance of opinions is high.

The "Agile process"” followers ranked "Professional skills specific demands" as a significant
agile limitations category. The disagreement is high on this opinion. They recognize
"Limitation to specific product domains™ and "Increased process effort" as less significant
categories. They find agile as the least significant with respect to "Employee dissatisfaction”,
"Scalability", "Increased testing effort" and "Lead time and efficiency".

The "Plan-driven process with afew agile elements" followers find "Professional skills
specific demands”, "Increased testing effort” and "Scalability” as significant limitations
categories. The other categories are rated as the least significant.
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Figure 12. Categories point of view, internal agile limitations, development models view.

5.3.3.8 (C, 1AL, SAS) Categories point of view, internal agile limitations, adoption
strategies view

The relative significance of limitations categories is available in Figure 13.

The "great incremental transition from plan-driven towards agile" and "great big-bang
transition from plan-driven towards agile" patterns followers find "Professional skills
specific demands" as definitely the most significant agile limitations category. The other
limitations categories are ranked relatively low. Hence, they are categorized as the least
significant categories of agile limitations for these groups.

The “incremental adoption of agile practices to a plan-driven process” followers
prioritization is similar to the previous one, however, the relative importance of particular
categories is more balanced. "Professional skills specific demands" is still rated as the most
significant category. However, "Scalability as well as “Increased testing effort” are seen as
less significant categories.

The "tailoring a complex hybrid process™ pattern followers find "Professional skills specific
demands”, "Employee dissatisfaction” and "Lead time and efficiency” as the top three
significant categories. The opinions are even and other limitations categories are recognized.
"Scalability"”, "Increased testing effort" and "Increased process effort" are seen as less
significant. "Limitation to specific product domains" which is recognized as the least
significant category. The respondents agree on the opinions of relative significance of these
categories.
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The "developing an initial simple agile process by adopting both: agile and plan-driven
practices" pattern followers find "Professional skills specific demands" and "Scalability” as
significant limitations categories. "Employee dissatisfaction™ and "Increased testing effort"
are seen as less significant. The least significant categories are "Limitation to specific
product domains™, "Increased process effort" and "Lead time and efficiency” which is at the
bottom of the ranking. There is a high agreement on the significance of "Scalability"
limitations category.

The "developing an initial simple agile process by adopting only agile practices”" members
agree on the ranking in most of the cases. They find "Professional skills specific demands",
"Scalability" and "Increased testing effort" as significant limitations categories. On the other
hand, they rank "Increased process effort" and "Lead time efficiency” as the least significant.
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Figure 13. Categories point of view, internal agile limitations, adoption strategies view.
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5.3.3.9 (C, EAB, All) Categories point of view, external agile benefits, all
respondents view

Descriptions of all the following categories are available in Appendix B, Section 10.2.5.
As shown in Figure 14, the most significant external benefit of agile is "Value", which stands
for "ahigh value delivered tothe customer (e.g. the customer receives software that
he desires, with no understatements, the goals are met etc.). The second highest amount
of votes goes to "Relationship with the customer” benefit (e.g. improved relationships,
increased confidence, increased satisfaction level due to frequent demos, releases etc.). The
respondents believe a less significant agile benefitis "Quality" (e.g. increased quality
of software product, reliability, usability etc.). The two least significant benefits are "Cost"
(e.g. development, maintenance costs of software) and "Time" (e.g. faster time to delivery).
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Figure 14. Categories point of view, external agile benefits, all respondents view.

5.3.3.10 (C, EAB, SR) Categories point of view, external agile benefits, roles view

In Figure 15 there are presented the agile external benefits and their ranking with respect
to different roles. In general, "Time" and "Cost" are seen as the least significant in almost all
perspectives, except for Project Manager point of view. "Value" and "Relationship with
customer" are recognized as significant benefits from all points of . The responses from
Project Manager perspective indicate increased significance of "Cost" benefit. "Quality"
is seen as significant from Process Expert, Quality Assurance and Programmer perspectives.
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Figure 15. Categories point of view, external agile benefits, roles view.

5.3.3.11 (C, EAB, SDM) Categories point of view, external agile benefits,
development models view

Figure 16 shows that particular agile external benefits are of diverse significance when
different development models are considered.

For followers of "agile process with a few plan-driven practices”, "Value" and "Relationship
with customer" are seen as significant benefits. "Cost" and "Quality" are less significant.
"Time" is the least significant.

The "hybrid balanced process" followers perceive in a very similar way to "agile process
with afew plan-driven practices" practitioners, however, "Quality" is also seen as
a significant benefit. "Time" and "Cost" are seen as the least significant and the agreement
on low ranking of these benefits is high.

The "agile process" followers perceive "Value™ as the most significant benefit. The mean
value is much higher than in other clusters for "Value". Categories such as "Quality", "Time"
and "Relationship with customer"” are less significant, whereas "Cost" is rated as the least
significant benefit. There is high disagreement on "Quality" benefit.

The "plan-driven process with a few agile practices” is much different from the others. The
most significant benefits for its representatives are "Time" and "Cost". Moreover, the
agreement on these benefits ranks is high. "Value" is ranked as less significant, whereas
"Quality" and "Relationship with customer" are the least significant from perspective of this
group members.

57



60
50
40
| | W Value
30
m Relationship with customer
Quality
20 4 W Cost
WTime
10 +
0 -
Agile process with Hybrid, balanced  Agile process Plan-driven
a few plan-driven process process with
practices afew agile
elements

Figure 16. Categories point of view, external agile benefits, development models view.

5.3.3.12 (C, EAB, SAS) Categories point of view, external agile benefits, adoption
strategies view

The "great incremental transition from plan-driven towards agile" pattern followers find
"Relationship with customer” and "Value" as the most significant external benefits. They
consider "Time" and "Quality" as the least significant benefits of agile adoption.
The agreement on the entire ranking is high.

On the contrary, followers of the "great big-bang transition from plan-driven towards agile"
pattern find "Value", "Quality" and "Time" as significant benefits of agile. They consider
"Relationship with customer" as the least significant benefit. There is high disagreement

on the opinions within this group.

The "incremental adoption of agile practices to a plan-driven process" pattern followers
perceive "Quality” as the most significant agile external benefit. The least significant
benefit is "Value". There is high disagreement on the opinions within this group.

The "tailoring a complex hybrid process" pattern followers ranking is rugged. "Value" and
"Relationship with customer™ are recognized as significant benefits, "Quality" and "Cost" are
less significant."Time" is the least significant.

Both patterns related to the bottom-up process development pattern agree that "Time"
and "Cost" are the least significant benefits. For both, "Value", "Relationship with customer"
and "Quality" are recognized as significant, but to different extent.
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5.3.3.13 (F, 1AB, All) Factors point of view, internal agile benefits, all respondents
view
Descriptions of all the following factors are available in Appendix B, Section 10.2.1.
In Figure 17 there are shown all the internal agile benefits that were available in the survey.
The bars represent the average amount of points given to each benefitand the relative
importance of the factors. Under each bar there is given a particular factor identifier.
To some of the bars surrounding borders and numbers over them are added. The numbers
indicate the ordinal positions of particular items in the overall ranking. Only top ten
and bottom five were marked to draw attention to the most or the least significant factors.

Toremind, the most significant benefits categories were 1) Knowledge and learning
and 2) Employee satisfaction, whereas the least one was 10) Decreased effort. There are two
benefits that outbalance the other ranking elements. The lowest evaluated benefit from both
top categories got #5 position, however, the lowest member of the second category got just
#23 place in the ranking.
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Figure 17. Factors point of view, internal agile benefits, all respondents view.

Agile benefits that are recognized as the most significant are:

o #1: 3.4. Agile makes people feel purposeful as the team is a self-organizing
community with a culture that emphasizes shared responsibility (e.g. team members
have influence on decisions, there is a need to collaborate in order to achieve
goals).

o #2:1.1. Agile improves knowledge transfer and learning between team members
(e.g. how to do good testing, how to write good user stories, domain knowledge) as
communication is improved (e.g. frequent contacts, exchange of programmers).
They are followed by three benefits that are ranked very closely to each other:

o #3:4.3. Agile leads to soon requirements validation due to frequent feedback on
their work (e.g. feedback from customers after software presentations).

o #4:6.1. Agile leads to improved turnaround time for fixing bugs due to early
discovery and handling of issues and thus following development relies on verified
work.

o #5:1.2. Agile helps teams to achieve a common understanding (e.g. common vision
of the product requirements, the development process to be used) among team
members.

The least significant four factors are from "Decreased effort" category. The fifth is assigned
to "Quality" category. It is worth noticing that all the "Decreased effort" elements are ranked
very low in relation to other elements, whereas the other member of "Quality" is ranked as
relatively significant (place #14). The bottom five benefits are as follows:

e #28:5.2. Agile leads to improved quality of design, architecture and performance as
design decisions are verified very soon.

o #29:10.3. Agile decreases effort of overall work due to reduction of the waste of not
used work (requirements documented, components implemented) as it is reduced as
small packages started are always implemented.

o #30:10.2. Agile helps to decrease effort for redesign due to very soon architectural
design decisions verification (e.g. frequent feedback, software demos) since the later
changes are incorporated, the more effort is generated.

e #31:10.5. Agile decreases the effort of extensive documenting since small teams
with people having different roles only require small amounts of documentation as
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it is replaced with direct communication facilitating learning and understanding for
each other.

e #32:10.4. Agile decreases effort of rework caused by faults as testing priorities are
made more clear due to prioritized features, and that testers as well as designers
work closely together.

5.3.3.14  (F, 1AB, SR) Factors point of view, internal agile benefits, roles view

The charts in Figure 18 show the agile internal benefits ranking with respect to different
organizational roles. Itis noticeable that the perception of benefits depends on the point
of view. The opinions are often very different.

Programmer and Project Manager representatives agree on the low significance of benefits in
"Decreased effort" category. However, in other perspectives the elements of this category are
more significant. Once, "Decreased effort” member is ranked as #1 in the overall ranking by
Quality Assurance representatives (10.4. Agile decreases effort of rework caused by faults as
testing priorities are made more clear due to prioritized features, and that testers as well as
designers work closely together.).

Project Manager representatives remark "Monitoring and controlling” member as the most
significant benefit (8.1. Agile methods complement the stage-gate management model with
powerful tools for micro-planning, day-to-day work control, reporting on progress).

Opinions of Business Analyst and Quality Assurance roles representative are different from
the others. They do not mention "Knowledge and learning” and "Employee satisfaction"
elements as important benefits of agile. They rather focus on "Verification and validation"
elements (ranks #3, #4, #5) and "Planning and estimations" (benefit that is ranked as #1 and
#2 in both categories - 7.3. Agile increases the ability to forecast (e.g. releases,
iterations) based on real data as the process is more dynamic). On the other hand, remaining
elements from "Planning and estimations" are relatively of low significance.

Process Expert perspective representatives also see "Employee satisfaction™ a not significant
category. It is noticeable that benefits #3.2. is in all perspectives seen as the least significant
element of this set. Process Expert representatives are the first to recognize "Feedback and
confidence" and "Quality" elements as significant benefits (e.g. 4.3. Agile leads to soon
requirements validation due to frequent feedback on their work (e.g. feedback from
customers after software presentations). and 5.1. Agile results in higher quality and reuse
of code (e.g. ongoing refactoring, test-first programming, programming in pairs etc.)).
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Figure 18. Factors point of view, internal agile benefits, roles view.
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5.3.3.15 (F, IAB, SDM) Factors point of view, internal agile benefits, development
models view

The charts in Figure 19 show the agile internal benefits ranking with respect to different

development models.

The "Agile process with a few plan-driven practices™ (Cluster16) followers rank the benefits
in a moderate way. All the categories are on quite similar levels of significance. They find
"Employee satisfaction", "Verification and validation" and "Monitoring and controlling”
as relatively the most significant benefits categories with members ranked from #1 to #5.
The least significant benefits fall into "Decreased effort” category, however, there is also one
outbalanced element (10.2. Agile helps to decrease effort for redesign due to very soon
architectural design decisions verification (e.g. frequent feedback, software demos) since the
later changes are incorporated, the more effort is generated).

The "Hybrid, balanced process" (Clusterl3) followers ranking is less balanced. They
consequently rank all "Decreased effort" category benefits as the least significant in relation
to the others. They find also find " Monitoring and controlling” elements as significant,
but the order is different.

The "Agile process" (Clusterl0) and "Plan-driven process with afew agile elements"
(Cluster1l) followers rank the items in amore radical way. "Agile process" followers
preferences are close to the general ranking of benefits by all respondents as the top benefits
fall into "Employee satisfaction", "Knowledge and learning", however, the top benefit is 4.1.
Agile allows to verify design decisions very soon due to frequent feedback (e.g. feedback
from integration tests). "Plan-driven process with a few agile elements" followers rank
"Verification and validation" elements as the most significant (6.1. Agile leads to improved
turnaround time for fixing bugs due to early discovery and handling of issues and thus
following development relies on verified work and 6.3. Agile leads to more efficient use
of testers' time as in small teams testing and design can be easily parallelized due to short
ways of communication between designers and testers (instant testing)). They also find
"Adaptability" factor as significant (9.2. Agile methods are adaptable and itis possible
to combine agile project management with overall traditional principles (e.g. plan-driven
approaches)).
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Figure 19. Factors point of view, internal agile benefits, development models view.
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5.3.3.16  (F, IAB, SAS) Factors point of view, internal agile benefits, adoption
strategies view

The charts presented in Figure 20 show that the perception of agile benefits with respect to
different agile adoption strategies is different.

The "great incremental transition from plan-driven towards agile” (GrouplPatl) pattern
followers find "Adaptability”, "Quality" and "Feedback and confidence" elements as the
most significant whereas the "great big-bang transition from plan-driven towards agile"
(GrouplPat?) pattern followers rank them as not significant. They find "Planning and
estimations" (7.2) benefitas the most significant. They also pay more attention
to "Verification and validation” and "Monitoring and controlling” elements. The rest
of benefits is ranked in a similar way.

The "incremental adoption of agile practices to a plan-driven process" (Group2) followers
find "Verification and validation", "Knowledge and learning" and "Adaptability"
as significant categories. However, the benefit with id 6.2. is recognized as not significant.
The other elements are all ranked as relatively not significant.

The "tailoring acomplex hybrid process" (Group3) pattern followers observe single
elements in distinct categories as the most significant benefits (1.2., 3.1., 5.1,, 7.3., 10.1.).
They rank the items within categories in a radical way.

The "developing an initial simple agile process by adopting both: agile and plan-driven
practices" pattern followers (Group4Patl) extend their light-weight initial processes with
agile and plan-driven practices. The significant benefits they observe are from "Feedback
and confidence", "Employee satisfaction”, "Verification and validation" and "Planning and
estimations" categories. The other elements are ranked as less significant, with no
outbalanced cases.

The "developing an initial simple agile process by adopting only agile practices"
(Group4Pat2) pattern followers ranking is rather balanced. The top two benefits that are
relatively significant come from "Verification and validation" category (6.1. Agile leads
to improved turnaround time for fixing bugs due to early discovery and handling of issues
and thus following development relies on verified work and 6.2. Agile provides much quicker
and more thorough response to defects as responsibility for measuring quality is moved
from the managers to the developers.).
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Figure 20. Factors point of view, internal agile benefits, adoption strategies view.
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5.3.3.17  (F, 1AL, All) Factors point of view, internal agile limitations, all
respondents view

Descriptions of all the following factors are available in Appendix B, Section 10.2.3. The
charts in Figure 21 show the ranking of internal agile limitations. Most of the top-five
limitation fall into "Professional skills specific demands™ category:

o #1:12.3. Agile requires sufficiently trained managers (on agile development) as the
empowerment of engineers makes managers afraid initially (the teams should be
self-organized rather than centrally managed).

o #2:12.2. Agile requires high qualifications from the all team members along with
the leader to be effective (e.g. poorly conducted meetings, lack of knowledge
of prioritization techniques etc.).

e #4:12.1. Agile requires a comparable level of qualifications of the developers,
otherwise the development will be ineffective (e.g. delays in development
of modules).

However, benefit 12.4. Agile makes team members less interchangeable (what has
consequences for how projects are managed) and more difficult to describe and identify
(agile teams are not only build of skilled developers, members complement each other,
synergy is created) is rated as relatively not significant in reference to its category members.

Other significant limitations with ranks of 3rd and 5th place are:

e #3:13.1. Agile provides limited support for developing safety-critical software (e.g.
military or healthcare domain where the software needs to be of the highest quality
possible).

o #5:14.2. Agile is not applicable to large teams and thus limited for development
large-scale development.

The least significant limitations fall into " Increased process effort" and "Lead time and
efficiency" categories:

e #19: 17.5. Agile makes the inter-team communication inefficient (e.g. especially
when teams follow different software development process and have to co-operate
within the same project).

o #20:17.1. Agile is inefficient as there is a handover from requirements to design due
to complex decision processes as well as some decisions are ineffective due to social
values embraced by agile as they are contrary to those that group members desire

o #21:16.2. Agile methods cause increase of effort of packaging as it is still viewed
from a technical point of view, but not from a commercial point of view.

e #22:16.3. Agile increases the development effort and delays as dependencies rooted
in implementation details are hard to identify and not covered in the anatomy plan
(lack of documentation).

o #23:17.4. Agile results in reduced efficiency of development as close developers
cooperation leads to exhaustion.
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Figure 21. Factors point of view, internal agile limitations, all respondents view.

5.3.3.18 (F, IAL, SR) Factors point of view, internal agile limitations, roles view
Ranking from the point of view of Programmer role is similar tothe ranking from all
respondents perspective. There is a some deviation in Project Manager point of view as two
top-five elements fall into the " Increased process effort” category (16.1. Agile significantly
increases the effort of configuration management due to the need of coordination of the high
number of internal releases and 16.4. Agile increases the management overhead due
to a high number of teams requiring much coordination and communication between (issues
with coordination of work, priority lists between agile and non-agile teams due to different
approaches, phases, methodology etc.)).

Respondents from Business Analyst perspective focus on "Limitations to specific product
domains" and "Scalability" issues.

Quality Assurance role respondents recognize some significant limitations that are different
from the other perspectives - 11.2. Agile causes increase of stress level of developers due
to frequent deadlines and milestones, 17.2. Agile results in delays of getting functional
testing running due toworkload of frequent integration. They also see an important
limitation in "Increased testing effort" category - 15.3. Agile requires much effort for
continuous testing as creating an integrated test environment is hard for different platforms
and system dependencies.

Process Expert perspective representatives radically rank all "Professional skills specific
demands" category items as the most significant limitations. They also find as a limitation
the previously mentioned item 15.3. Other ranking elements are relatively rather not
significant.
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Figure 22. Factors point of view, internal agile limitations, roles view.
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5.3.3.19 (F, IAL, SDM) Factors point of view, internal agile limitations, development
models view

Figure 23 illustrates the internal agile limitations ranking with respect to different

development models.

The "Agile process with a few plan-driven practices" (Cluster16) followers find significant
limitations within "Professional skills specific demands" category, except for asingle
element that is ranked relatively low (12.4. Agile makes team members less interchangeable
(what has consequences for how projects are managed) and more difficult to describe and
identify (agile teams are not only build of skilled developers, members complement each
other, synergy is created)).

The "Hybrid, balanced process" (Cluster13) followers find limitations in many categories.
It is noticeable that two limitations come from "Lead time and efficiency" category. Items
from the category are rarely ranked as top elements, even from different perspective such as
roles (17.1. Agile is inefficient as there is a handover from requirements to design due
to complex decision processes as well as some decisions are ineffective due to social values
embraced by agile as they are contrary to those that group members desire, 17.5. Agile
makes the inter-team communication inefficient (e.g. especially when teams follow different
software development process and have to co-operate within the same project).

The "Agile process" (Cluster10) followers find significant limitations within "Professional
skills specific demands" category. However, the ranking is different than before.
The respondents mark limitations 12.1. and 12.3. in an opposite way than Clusterl6
or Cluster11 members.

The "Plan-driven process with a few agile elements" (Cluster11) followers do not recognize
12.2. Agile requires high qualifications from the all team members along with the leader
to be effective (e.g. poorly conducted meetings, lack of knowledge of prioritization
techniques etc.) as a limitation in contrast to the other clusters. They also see "Increased
testing effort" category items as limitations (15.2. Agile requires much effort to produce big
amounts of testing documentation, 15.3 Agile requires much effort for continuous testing as
creating an integrated test environment is hard for different platforms and system
dependencies).
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Figure 23. Factors point of view, internal agile limitations, development models view.

5.3.3.20 (F, 1AL, SAS) Factors point of view, internal agile limitations, adoption
strategies view

Groupl and Group2 members (“"great incremental transition from plan-driven towards
agile", "great big-bang transition from plan-driven towards agile", "incremental adoption
of agile practices to a plan-driven™) have similar opinions and ranking priorities on agile
limitations. They consider only "Professional skills specific demands™ as a significant agile
limitations category with a difference that in GrouplPat2 the most recognized limitation
is 12.2. Agile requires high qualifications from the all team members along with the leader
to be effective (e.g. poorly conducted meetings, lack of knowledge of prioritization
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techniques etc.) whereas in the other groups itis 12.3. Agile requires sufficiently trained
managers (on agile development) as the empowerment of engineers makes managers afraid
initially (the teams should be self-organized rather than centrally managed). VVotes in other
groups are more widely distributed. Followers of GrouplPat2 pattern also notice that 17.2
Agile results in delays of getting functional testing running due to workload of frequent
integration and 16.5 Agile increases the maintenance effort as many different versions have
tobe supported and test environments for different versions have tobe created
(e.g. as a result of the ability of releasing many releases to the market).

In Group3 ("tailoring a complex hybrid process™), "Increased process effort” and "Lead time
and efficiency" issues can be observed. This is the only group where these categories get this
significant.

In Group4Patl (developing an initial simple agile process by adopting both: agile and plan-
driven practices) in contrast toall other perspectives, the most significant limitation
is 12.2. Agile requires high qualifications from the all team members along with the leader
to be effective (e.g. poorly conducted meetings, lack of knowledge of prioritization
techniques etc.). Also "Scalability" and "Increased testing effort" issues can be observed.

Group4Pat2 (developing an initial simple agile process by adopting only agile practices)
members find "Increased testing effort” category as significant, especially limitation
15.3. Agile requires much effort for continuous testing as creating an integrated test
environment is hard for different platforms and system dependencies.
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Figure 24. Factors point of view, internal agile limitations, adoption strategies view.
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5.3.4 The least important categories and factors

This section presents the least frequently marked benefits and limitations with respect
to categories as well as factors perspectives. The frequent zero answers might indicate that
some factors are not considered by practitioners as important at all.

All the benefits and categories are presented in tables. In each table there are given names of
categories or factors, the total number of assigned “zero" votes and the percentage of "zero"
answers in relation to the total number of responses.

Table 18 shows the benefits categories with respect to the number of “zero™ votes assigned to
them. The least important categories are highlighted with a light pink colour. The least
important categories of benefits are "Adaptability" and "Decreased effort".

Table 19 illustrates top benefits that were assigned the highest number of zeros during the
survey. All the benefits listed in Table 19 fall into the least important categories as shown in
Table 18. Only two elements, benefits 10.4 and 10.2 got result of more than 1/3 "zero"
answers.

Table 20 presents the limitations categories with respect to the number of "zero" votes
assigned to them. The least important categories are highlighted with a light pink colour. The
least important categories of limitations are "Lead time and efficiency” and "Increased
process effort".

Benefits category Number Total %
of "'zeros"

9. Adaptability 9 23.08%
10. Decreased effort 9 23.08%
7. Planning and estimations 6 15.38%
5. Quality 5 12.82%
6. Verification and validation 4 10.26%
4. Feedback and confidence 3 7.69%
8. Monitoring and controlling 3 7.69%
3. Employee satisfaction 2 5.13%
2. Social skills development 2 5.13%
1. Knowledge and learning 0 0.00%

Table 18. Frequent “zero" answers (benefits categories).
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Benefit Number Total %
of "'zeros"

10.4 Agile decreases effort of rework caused by faults as testing

priorities are made more clear due to prioritized features, and 14 35.90%

that testers as well as designers work closely together.

10.2 Agile helps to decrease effort for redesign due to very soon
architectural design decisions verification (e.g. frequent
feedback, software demos) since the later changes are
incorporated, the more effort is generated.

13 33.33%

9.1 Agile thrives in radically different environments (e.g. from
hierarchical structure to little or no central control, customer 12 30.77%
involvement and physical setting varied greatly).

9.2 Agile methods are adaptable and it is possible to combine
agile project management with overall traditional principles 12 30.77%
(e.g. plan-driven approaches).

10.3 Agile decreases effort of overall work due to reduction of
the waste of not used work (requirements documented,
components implemented) as it is reduced as small packages
started are always implemented.

12 30.77%

Table 19. Frequent "zero" answers (benefits factors, top 3).

Limitations category Number of Total %
"'zeros"
17. Lead time and efficiency 13 33.33%
16. Increased process effort 13 33.33%
13. Limitation to specific product domains 11 28.21%
11. Employee dissatisfaction 11 28.21%
15. Increased testing effort 7 17.95%
14. Scalability 6 15.38%
12. Professional skills specific demands 4 10.26%

Table 20. Frequent "zero" answers (limitations categories).

Table 21 illustrates top limitations that were assigned the highest number of zeros during the
survey. All the limitations listed in Table 16 fall into the least important categories
as previously shown in Table 20. The limitations shown in Table 21 were marked
as "unimportant " in more than 50% cases. Hence, they might be considered as not
significant limitations at all.
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Limitation Number of Total %

''zeros''

17.4 Agile results in reduced efficiency of development as close 93 58.97%

developers cooperation leads to exhaustion.

16.2 Agile methods cause increase of effort of packaging as it is
still viewed from a technical point of view, but not from a 22 56.41%
commercial point of view.

17.5 Agile makes the inter-team communication inefficient (e.g.
especially when teams follow different software development 22 56.41%
process and have to co-operate within the same project).

16.3 Agile increases the development effort and delays as
dependencies rooted in implementation details are hard to

. . 21 53.85%
identify and not covered in the anatomy plan (lack of °
documentation).
16.5 Agile increases the maintenance effort as many different

i h to b ted and test i ts f
versions have to be supported and test environments for 1 538506

different versions have to be created (e.g. as a result of the
ability of releasing many releases to the market).

Table 21. Frequent "zero" answers (limitations factors, top 3).
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6 DISCUSSION

Based on the results presented in Chapter 5, aset of implications for practitioners and
researchers will be provided in this chapter. In the following subsections, the collected
data will be summarized and then used as a reference point for further recommendations
(Chapter 7). The study results are compared with existing related work and similar studies.
Traceability to research questions and related work is included. All the implications provided
in this chapter are based on the results of this study.

This subsections will be structured as follows: for each of the subsections below, there will
be provided:

e Introduction: a short introduction of the matter introduced by section name and
a brief overview of applied methods,

e Overview: an overview of results with comments and references to the related work
to support claims,

e Implications: implications for practitioners and researchers.

6.1 Software development practices commonness

Introduction:
The practitioners that took part in the survey were asked to define their development process

in terms of practices that they applied. The results have revealed a transparent ranking of the
practices with respect to the frequency of their usage. However, it has been observed that the
order and the final ranking of practices depends on the size of the company. Although the
distribution of answers regarding the organizational size was even, the total number
of answers was too low to draw conclusions for each particular size. Hence, the answers
were grouped into 2 classes, 1) organizations that are less than 250 employees and 2) more
than or equal to 250 employees.

The findings provide answers to the research question "RQ21: Which agile and plan-driven
practices are used by software development companies?".

Overview:
The practices presented below are the most common practices chosen by practitioners.

The most common category refers to practices that were applied in more than 66% cases.
Organizations with less than 250 employees mostly decide to apply:

o Prioritized list of requirements (81%)

e Small self-organizing cross-functional teams (76%)
e Face-to-face communication (76%)

¢ Continuous integration with testing (71%)

e lteration planning meeting (67%)

e lteration reviews, retrospectives (67%)

e Frequent planning/reporting (67%)
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Organizations with more than or equal to 250 employees mostly decide to apply:

e Face-to-face communication (79%)

o Frequent planning/reporting (68%)

e Collective code ownership (68%)

e Technical excellence (68%)

e # Repeatable development process (68%)

Agile practices are applied to a greater extent over plan-driven, moreover, they dominate
regardless the organizational size. Agile approaches are replacing plan-driven approaches,
what has also been reported in literature [30], [37], [45], [62]. There is a tendency that bigger
organizations apply more plan-driven practices. However, plan-driven practices still appear
in smaller companies with agile dominated development processes. For example, a plan
driven # Up-front documentation of requirements was reported by 52% of respondents
classified to the "<250 employees category". It is often decided to use hybrid development
models.

The rankings presented above correlate with other researches present in [19], [34] and [36].
The papers are focused on much detailed practices and fine-grained agile aspects. This
research is based on identification of broader concepts of agile, moreover, it extends the
previous knowledge with revealing the actual state of plan-driven practices commonness
and their relation to agile. However, there are many similarities between the rankings
of agile practices, taking into consideration both: commonly and rarely applied practices.

The main differences between the extent of particular practices application with respect
to organization size is presented below in Table 22.

Practice Size <250 Size >=250 Difference

# Repeatable development process 33% 68% 35%
On-site customer 43% 11% 32%
Technical excellence 43% 68% 26%
Prioritized list of requirements 81% 58% 23%
# Detailed mgmt. plans and process documentation 14% 37% 23%

Table 22. Comparison of practices commonness for different organization sizes.

It is apparent that the plan-driven practices, # Repeatable development process, # Detailed
mgmt. plans and process documentation are more widely applied by bigger and complex
organizations. That might come from the need of coordination of ahigh number
of departments, projects and teams. The development process is transparent, mature and
developed over longer time period. Itis repeated and improved over time. Moreover,
large-scale software products have to be planned in advance in detail to deal with the
complexity. The need of extensive release and resource planning was also mentioned
by [46].

Agile practices are more often applied by the smaller organizations. Prioritized list
of requirements practice is characteristic for development with incremental, agile approach
[28]. The requirements are easily changeable and the priorities are updated when needed
[45]. The process in general is more lightweight and adapted to frequent releases. The top
applied practices are strongly connected, among which there are Small-self organizing teams,
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Face-to-face communication, Short iterations and releases, Iteration planning meeting,
Iteration reviews/retrospectives etc. The On-site customer also refers tothe agile
development culture, where the client actively interacts with the team and participates in the
life of the project [9]. However, although Technical excellence is an agile concept [42], it is
mostly applied by bigger organizations. That might depend on the maturity of the
organization. One of the respondents has neatly commented that "no organization can
survive without technical excellence for more than a few years".

Implications:
Practitioners might find the results as useful when considering which practices to choose for

their development process as they were successfully applied by others. They should also
notice the differences how the commonness of practices changes when considering
organizations size and what changes might be expected when companies grow and develop.

Researchers that focus on agile development might investigate why certain agile practices
are not common at all, find out what issues come along with their usage and why the rate
of usage is so low.

Based on the results, practitioners should consider their organizations size when they choose
certain practices. For small organizations the development should be based on a prioritized
list of requirements, small teams and increased communication through frequent meetings
and reporting. The work should be frequently integrated and continuously tested. For bigger
organizations the priorities slightly change, however, agile still dominates over plan-driven
practices. Still, the most important should be increased, face-to-face communication as well
as frequent planning and reporting instead of written documentation. Code should be shared
and technical excellence should be embedded in the organizational culture, since
organizations are not likely to survive in the market for a long time unless they provide high
quality software. Prioritized, dynamic list of requirements and especially an on-site customer
are practices more applicable to smaller organizations.

For details please refer to Sections 5.2.1 and 5.2.2.

6.2  Software development practices abandonment rate

Introduction:
The respondent not only had to pick the practices they currently apply, but also were asked

to specify on a timeline the period of the practice "life" (the start and end dates). It has been
observed that there are many practices that are abandoned after some time.

The findings provide support information to answer the research question "RQ1: Which
agile and plan-driven practices are applied by software development companies?".

Overview:
The abandoned practices ranking with the abandonment rate is given in Table 23.

The top-five practices that are abandoned are plan-driven. That is once again a confirmation
of the tendency of moving from plan-driven development to agile approaches. The ranking
could also be used as an indication of what practices are the least popular and which should
be removed from practitioners development processes preferably. The least abandoned
plan-driven practice is # Repeatable development process (11.54%).
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It should be further investigated why certain agile practices, such as Pair-programming
(28.57%), Test-driven development (17.39%) and Continuous integration with testing
(11.76%) are abandoned by the organizations.

Practice Abandoned Applied (total) Abandoned %

# Detailed up-front architecture design 9 18 50.00%
# Detailed mgmt. plans and process documentation 11 23 47.83%
# The project follows a sequential flow of phases 10 24 41.67%
# Big bang integration and infrequent releases 6 18 33.33%
# Extensive time planning 7 22 31.82%
# Up-front documentation of requirements 8 28 28.57%
Pair-programming 4 14 28.57%
Test-driven development 4 23 17.39%
Continuous integration with testing 4 34 11.76%

Table 23. Practices abandonment rate.

Implications:
Practitioners might find the information useful when considering which practices to choose

for their development process. They should more carefully choose the practices that are
sometimes abandoned and apply them with more attention.

Researchers of agile approaches might be motivated to find out why certain practices are
abandoned over time, what are the reasons for that and what could be done to reduce the
abandonment rate.

Based on the above overview, practitioners should consider abandoning plan-driven
practices. Apparently, agile has already dominated over plan-driven practices, regardless
organizational size. Due to the dynamics of market and the need of being flexible to frequent
requirements change, practices such as detailed up-front architecture design, detailed
management plans, extensive process documentation and sequential development are no
longer applicable and should be used to a minimal extent if necessary. The research has
shown that organizations which follow agile dominated processes or decided to switch to
agile from traditional approaches perceive a number of benefits and claim to follow much
more reasonable and effective processes.

However, some agile practices are also abandoned over time. To remind, the most significant
limitations of agile are related to lacks of specific professional skills. The reason for
relatively frequent (when compared to other practices) abandoning of practices such as
pair-programming, test-driven development or continuous integration with testing might be
strongly related to the most noticeable group of limitations. The issues related to application
of test-driven development [26] and continuous integration with automated testing [57] have
already been reported in literature. The reasons given in the studies were related to lacks of
professional experience, agile coaching, professional knowledge etc. However, in order
investigate the issues of certain practices adoption more data would be needed. Knowledge
of duration of presence for each abandoned practice in processes would be very valuable.
The purpose of this study was different and it provides to little data in its current version.
Nonetheless, this observation is considerable and the problem should be further investigated.

For details please refer to Section 5.2.6.
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6.3  Software development practices dependencies

Introduction:
A hierarchical clustering algorithm was used to help identifying how practices are dependent

on each other. The classification has shown which practices are most commonly used
together.

The findings provide support information to answer the research question "RQ2: What are
the patterns for integrating different methodologies and what development models can be
distinguished?".

Overview:
The most common combinations of practices are described below:

1) Face-to-face communication; Prioritized list of requirements; Frequent
planning/reporting

Face-to-Face communication facilitates Frequent planning and reporting and Prioritized list
of requirements development and management. When human interaction is above documents
and written information, the flow of information is facilitated. Less time is wasted when
planning or reporting can be done face-to-face, for example on daily meetings. Prioritized
list of requirements is strongly linked to Frequent planning and reporting activities.
Prioritized requirements list is an input for planning activities and is also updated when work
is reported, for e.g. on burn-down charts.

2) Iteration planning meeting, Iteration reviews and retrospectives; Small self-
organizing cross-functional teams

Iteration planning meeting and Iteration review and retrospectives are a strongly linked
combination, as they both are elements of an incremental development approach which
isbased on short iterations. Small self-organizing cross-functional teams facilitate
conducting these meetings. Every team member has the right and time to express
his opinion, actively participate in the planning phase or comment on the past iteration.

3) Continuous integration with testing; Short iterations and releases.

Continuous integration with testing facilitates Short iterations and releases. No big-bang
integration is needed if the software is integrated frequently. As the integration tests are run
automatically after each commit, the code in the repository is always a successful build. The
software baseline is always ready tobe released, hence the releases are facilitated.
No unexpected integration problems can be longer expected at the end of each iteration
and its release.

Most of the plan-driven practices are used together, with other plan-driven practices.
For example, # Up-front documentation of requirements is linked with # The project follows
a sequential flow of phases and # Detailed up-front architecture design or # Big bang
integration and infrequent releases, # Extensive time planning and # Detailed management
plans and process documentation. These combinations are typical for the waterfall
methodology [45].
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The above findings have common grounds with the research in [34]. For example, the first
group 1) Face-to-face communication; Prioritized list of requirements; Frequent
planning/reporting could be referred to (Stand-ups, Sprints/iterations and sprint planning
meeting) [34] or the third one, 3) Continuous integration with testing; Short iterations
and releases to (Continuous integration, short releases) [34].

Implications:
Practitioners might find the information useful when they want to add new practices to their

current development process. They could see how practices are dependent, what practices are
more likely to appear together, which practices might possibly be affected when changing
any of them.

Based on the above overview, it is recommended that practitioners should use some practices
in combinations. If the practices are applied together, synergy is created. Otherwise,
practices might not be effective. Prioritized list of requirements makes frequent
planning/reporting feasible and both are facilitated by face-to-face communication. Iteration
planning meetings, reviews, retrospectives should be supported by small self-organizing
cross-functional teams. In order to introduce short iterations and releases practitioners should
consider continuous integration with testing, which facilitates frequent builds and versions.

For details please refer to Section 5.2.3.

6.4  General agile adoption benefits and limitations

Introduction:
Practitioners were asked toexpress their perception of agile benefits and limitations.

The ignificance of each factor was to be expressed with a number of points assigned to each
element. The method applied was a hierarchical cumulative voting [8]. At first, participants
were asked to assign points to categories of agile benefits and limitations. Afterwards, the
voting was done among factors within each benefits or limitations category. From
the collected data, a ranking of agile benefits and limitations was created. The prioritization
much depends on a role of respondent and no apparent patterns were found. The data was
collected from two perspectives, 1) internal - organization's point of view and 2) external
- customer's point of view. Technical as well as social aspects were covered.

The findings provide answers to the research question "RQ3: What is the relation between
agile practices adoption and its effect on different development aspects?".

Overview:
The most significant internal benefits categories are:

e Knowledge and Learning: Agile results in improved knowledge transfer and helps
to achieve the teams a common understanding.

o Employee Satisfaction: Agile improves the quality of working life. Employees feel
more comfortable, relaxed, satisfied and purposeful.

e Social Skills Development: Agile helps to develop socials skills such as
communication, cooperation, adaptability.

o Feedback and confidence: Agile increases the confidence of development team that
what they are doing is appropriate. The feedback from customer is frequent and
decisions are verified very soon.

82



These four categories are interdependent and all got above the average amount of points.
In general, it can be observed that the benefits of agile are strongly related to people and
human factor. As it was mentioned in the Agile Manifesto [24], "it's people who make the
difference between success and failure” and " it's important to maximize that first-order
people factor”. Agile embraces the social aspects and support quality of working life. Hence,
thanks to addressing developers needs, external benefits might be achieved from customer’s
perspective. Opportunities of self-actualization through shared knowledge and learning,
development of social skills make team members motivated, purposeful and thus more
productive. The ideas above have also been raised in behavioural science and related
behavioural theories [29].

Below there are shown selected top significant benefits:

e Rank #1 Agile makes people feel purposeful as the team is a self-organizing
community with a culture that emphasizes shared responsibility (e.g. team members
have influence on decisions, there is a need to collaborate in order to achieve
goals). (Employee Satisfaction)

e Rank #2 Agile improves knowledge transfer and learning between team members
(e.g. how to do good testing, how to write good user stories, domain knowledge) as
communication is improved (e.g. frequent contacts, exchange of programmers).
(Knowledge and Learning)

They are followed by three benefits that are ranked very closely to each other:

e Rank #3 Agile leads to soon requirements validation due to frequent feedback on
their work (e.g. feedback from customers after software presentations). (Feedback
and confidence)

A worth noticing observation is that among the top benefits there is a benefit from a category
that is not directly related to the human factor. The category is Verification and validation
processes improvement and the benefit is:

o Rank #4 Agile leads to improved turnaround time for fixing bugs due to early
discovery and handling of issues and thus following development relies on verified
work.

This benefit is related to increased communication in the team and frequent reporting. Bugs
and faults are also early discovered thanks to Continuous Integration with Testing practice.

The results presented above have a few elements in common with the research presented
in[36]. The top reported agile benefits of the study [36] were inter alia 1) Improved
Communication and Coordination, 2) Quick Releases and 3) Flexibility of Design — Quicker
Response to Changes. The benefit number 2) is here in this research recognized as a practice.
Nevertheless, the benefit1l) refers to Social Skills Development and Knowledge and
Learning, whereas 3) is strongly linked to Feedback and confidence. The research results
in [64] are rather benefits from the client's perspective: better meets customer needs, faster
time to delivery and lower costs. The faster time to delivery could be referred to Verification
and validation processes improvement benefit, as if the development relies on already
verified work, the development is more effective. The benefits, such as improved software
quality or increased flexibility could also be referred to results of this research, however,
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their exact meaning is not provided by the authors and making uncertain comparisons would
threaten the validity.

The least significant category of benefits is:

o Decreased effort: Agile leads to much more efficient development process due
to reduction of effort of work, design etc.

Although this category is not seen as an important group of benefits, still there are cases
when respondents find members of this category as significant benefits. Hence this category
should not be treated as limitations. The idea behind agile is to minimize waste and focus on
the customer. It is often claimed that agile elements and practices improve the development
process, make some activities more effective (e.g. face-to-face communication over written
documentation, retrospectives after iterations and discussions on process improvement) [34].
Frequent feedback from clients is also appreciated by the developers as they can respond
more quickly to changes [45]. Nevertheless, some practices need more attention and effort
from the management and team itself. When team members are "less-than-great" developers,
effort related to code refactoring increases with the number of requirements [9], hence
Technical excellence is often seen as not affordable when resources are limited. Continuous
integration and testing practice requires alarge effort to provide acommon testing
environment for different platforms [45] and so on. Considering the above, the effort might
not be perceived as decreased.

It is worth noticing that one of the least significant agile benefits was 5.2 Agile leads to
improved quality of design, architecture and performance as design decisions are verified
very soon. The factor was ranked as 28 out 32 benefits. The participants do not observe
increased quality of design when using agile methods. The issue of insufficient focus on
architecture and design in agile methods was also reported in [43].

The most significant agile internal limitations categories are:

e Professional Skills Specific Demands: Agile is very demanding when considering
professional skills in order to be successful.
e Scalability: Agile is poorly scalable and not applicable to large development teams.

Although the Scalability category was rated as the second most significant, there was
a factor from Limitation to Specific Product Domains category in the top three limitations
ranking. Hence the list below includes factors from four categories.

e Rank #1 Agile requires sufficiently trained managers (on agile development) as the
empowerment of engineers makes managers afraid initially (the teams should be self-
organized rather than centrally managed). (Professional Skills Specific Demands)

o Rank #2 Agile requires high qualifications from the all team members along with the
leader to be effective (e.g. poorly conducted meetings, lack of knowledge
of prioritization techniques etc.). (Professional Skills Specific Demands)

e Rank #3 Agile provides limited support for developing safety-critical software (e.g.
military or healthcare domain where the software needs to be of the highest quality
possible). (Limitation to Specific Product Domains)

o Rank #4 Agile is not applicable to large teams and thus limited for development
large-scale development.(Scalability)
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The two first categories were rated as relatively important over other elements. Professional
Skills Specific Demands is an agile matter that has already been raised in literature [1], [11].
Building an effective agile team is demanding. An effective team consists of people both,
able to and willing to achieve goals. An agile team should be a skilled, cross-functional, self-
organizing community [24] in order to make agile work properly. The members should
be able to carry out a variety of tasks within each iteration [31]. When the responsibility for
achieving goals is shared among team members, as the team is self-organizing, ineffective
or faulty work of any of them might results in major delays, since all members are dependent
on each other. On the other hand, lack of experience may result in great delays when new
practices are implemented. Authors of [26] have described that introducing Test-Driven
Development took them many weeks of work with limited eventual success. Other issues
were reported when ateam consisting of very experienced quality assurance professionals
was trying to adapt automated testing into their new agile process [57]. In this case, only
agile consultants' coaching help could finally guide the team to make the things work
properly. Moreover, managerial skills are crucial. The team leader is responsible for constant
reduction of risks, recording the progress of his team, reacting to each difficulty as soon as
possible [49]. Without any of the aforementioned skills and competences needed, the whole
idea behind agile might be missed and the process would be flawed if any element in this
strongly dependent chain, the team, fails.

Scalability is arecognized issue of agile methods. Itis often assumed that agile is only
suitable for small teams and projects [28]. However, scalability is considered as a rather
manageable risk of using agile [11]. Although some possible solutions exist [45], the
majority of the research participants have recognized scalability as a relatively significant
limitation and itis still an open issue tobe addressed by researchers. Another aspect
of scalability is the ability to apply agile to distributed teams. A basic concept of agile
methods, facilitated communication, suffers when the development is distributed. Even
though there are a number of solutions to cope with distant communication, it still remains
problematic. As one of the respondents commented, "face to face communication doesn't
always happen and we're struggling to make it work with electronic solutions such as a daily
stand-up conference call and GoToMeeting".

The research by Begel and Nagappan [36] revealed as top limitations the following issues:
1) does not scale tolarger projects, 2)too many meetings, 3) management buy-in,
4) unfamiliar with agile and 5) coordination with other teams. Issues 2), 3) and 4) strongly
link with Professional Skills Specific Demands limitations category. As the authors describe
the issues, 2)refers topoorly run and hence ineffective daily meetings, 3)refers
to management ignorance of agile methods and their fear of engineers empowerment and
4) refers to lack of agile methods training. Issues 1) and 5) link to agile Scalability and
aforementioned large-teams coordination and synchronization difficulties. There was
no limitation mentioned in the study that would relate to the Limitation to Specific Product
Domains category.

Vijayasarathy and Turk in [64] also revealed some limitations that appear when adopting
agile methods. These most important are 1) limited support for distributed development
environment, 2) limited support for development involving large teams and 3) steep learning
curve. These issues relate to the Scalability limitation. The research did not reveal any issues
related to Professional Skills Specific Demands. However, in the study results there was
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another high ranked limitation that maps well to the one from Limitation to Specific Product
Domains category, 5) Limited Support For Developing Safety-Critical Software.

The most significant external benefits for the client are:

o Value: Agile development delivers high value to the customer as the software
reflects his real needs as a result of constant feedback and close cooperation (the
customer receives software that he desires, with no understatements, the goals are
met etc.).

e Relationship with the Customer:

0 Agile methods improve relationships with the customer as they can
understand the development process (e.g. why there are delays, why some
decisions have to be changed, why it takes specific amount of time to deliver
software etc.) and thus allow negotiations.

0 Agile increases the confidence of the customers who have constant control
over the project the as they participate actively and are involved in the
process (e.g. have the opportunity of feedback and responding to changes
what is highly praised at the project sign-off)

0 Agile increases the satisfaction of the customer from the product as the
business value is demonstrated early and more often than a traditional
iterative team (e.g. due to delivering in-progress software, demos thanks
to frequent iterations and builds).

e Quality: Agile results in increased quality of the software products in terms
of reliability, usability, functionality (e.g. less number of defects, faults, functionality
reflects requirements etc.).

All the above benefits were ranked above the average. One of the main concepts of agile
is to deliver products that the customers desire [24]. As the research has shown, it is the most
recognizable benefit for the customers. The customer is involved in the development
process, can respond to changes or doubts very quickly and the trust level is much higher
than in traditional development.

It has been reported in literature that agile leads to improved quality of software and
decreased lead times [1]. Whereas the first benefit maps tothe results of the survey
(Quality benefits), the second - the lead time - was reported as the least significant
benefit of agile for the customer (Time benefits). One of the participants remarked that "early
delivery is as useless as late delivery”. That might be amatter of fixed deadlines,
for e.g. owing to legislations.

External benefits were not taken into consideration in the study by Begel and Nagappan [36].
The research by Vijayasarathy and Turk [64] ranking of benefits slightly differs from results
of this study. As indicated by the authors, the results they present are more representative for
early adopters. That might be the reason of deviation of the results. The vast majority
of participants of the current study represent organizations that have applied agile for more
than 2 years. The top benefits that appear in the research by Vijayasarathy and Turk are
1) better meets customer needs, 2) improved software quality, 3)increased flexibility
in development, 4) faster time to delivery, 5) lower development costs. They recognized
4) faster time do delivery as a very significant benefit of agile usage. The more experienced
agile adopters report this benefit as the least remarkable. The other benefits map to the
results of this study. In the long run, it turns out that increased Value, Relationship with the

86



Customer and Quality remain the most essential benefits of using agile for the customer over
time while the Time factor looses on importance.

Implications:
Practitioners might find out what benefits or limitations come with agile adoption (for

organization - internal, and for customer - external). They should focus on the areas that have
to be treated with more attention. Showing the benefits and limitations might also help the
practitioners to have realistic expectations towards agile adoption.

Researchers could investigate why certain benefits are limited or why particular limitations
appear when using agile and how that could be further improved.

Based on the results above, it is recommended that practitioners should adopt agile methods
in order to increase employee satisfaction, improve knowledge transfer and learning, help
people develop social skills and increase confidence of the development teams that what they
are doing is consistent with what customers expect. Agile adoption also leads to improved
verification and validation processes, especially helps to optimize turnaround time for fixing
bugs.

On the other hand, agile adoption results in some limitations. The most significant group
of limitations is related to professional skills specific demands. It is recommended that
practitioners should invest in training on agile in order to make the adoption work
effectively. As it has been observed in previous studies, practitioners underestimate the need
of high professional skills. However, in this study it is apparent that lack of knowledge
on agile methods is one most significant obstacles on the way to effective agile processes.

Agile limitations have also been reported in relation to scalability capabilities. Still, agile
methods are not seen as applicable to large-scale development. However, as it was observed
in other studies [45], agile methods are successfully applied also in large-scale organizations.
Moreover, in this study it is shown that agile works well in organizations of any size
(Section 6.6, development model dominated with agile practices). Nonetheless, the problems
of agile scalability and possible solutions should be further investigated by researchers.

Even though organizations prefer to design software architecture with agile methods rather
than with traditional (detailed up-front architecture design practice is one of least frequently
applied practices at all and it is the most frequently abandoned practice), quality of agile
design still seems to be an issue as it is not seen as a benefit by practitioners. Agile design
related issues are also reported in literature [58]. Architecture design with agile should
be further investigated in order to address the quality related issues.

For details please refer to Section 5.3.

6.5 Agile adoption strategies vs. benefits and limitations.

Introduction:
In the survey, the participants were asked to define their development process in terms

of applied practices. Moreover, they were asked to indicate the start and end point in time
when each practice was introduced in their organizations. Hence practices adoption
strategies were revealed. The strategies were cross-analyzed with related benefits and
limitations.
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The findings provide answers to the research questions "RQ2: What are the patterns for
integrating different methodologies and what development models can be distinguished?"
and "RQ4: What benefits and limitations can be expected regarding different agile adoption
approaches?".

Overview:
The development models and adoption strategies were observed and analyzed in a graphical

way. The criteria for creating the groups were as follows: the initial process (e.g. plan-driven
or agile or both) and the change of process over time (e.g. if some practices are adopted, are
any other abandoned - transition). Following groups were distinguished:

Group 1: Organizations that significantly transform from plan-driven to agile;

0 Members of this group are characterized by a definitely plan-driven process
at the beginning. Some practices classified as agile are also present in the
initial process (e.g. Face-to-face communication, Technical excellence,
Frequent planning and reporting). The final process is dominated with agile
practices with elements of plan-driven approach. There are two patterns
within this group:

= Pattern 1: a great incremental transition from plan-driven towards
agile,
= Pattern 2: a great big-bang transition from plan-driven towards agile.
Group 2: Organizations that enrich their plan-driven process with agile practices;

0 Members of this group are characterized by a definitely plan-driven process
at the beginning. There are some elements of agile (e.g. Collective code
ownership, Face-to-face communication, Technical Excellence). The
process remains plan-driven all the time, however, more agile practices are
adopted to improve the process.

= Pattern 3: incremental adoption of agile practices to a plan-driven
process.
Group 3: Organizations that have initially a very complex development process and
shape the process over time (top-down style).

0 Members of this group are characterized by a complex initial process, which
is a combination of many agile as well as plan-driven practices (around 85%
of all practices present in the survey). The process is shaped over time and
some practices are abandoned, most of which are plan-driven. There is
a pattern that the practices abandoned at first are specific for plan-driven
approach.

= Pattern 4: tailoring a complex hybrid process.
Group 4: Recently created organizations building their processes over time (bottom-
up style).

0 Members of this group are characterized by a simple initial process. There
are two patterns how the process is built towards the eventual combination
of practices.

= Pattern 5: developing an initial simple agile process by adopting
both: agile and plan-driven practices

= Pattern 6: developing an initial simple agile process by adopting
only agile practices.
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The analysis has shown that the aforementioned patterns lead to the following benefits and
limitations:

Pattern 1: a great incremental transition from plan-driven towards agile:

(0}

Benefits:

Evidently, the respondents following this pattern appreciate the adaptability
of agile: both the adaptability to radically different environments (the
structure, physical setting etc.) and the ability to combine agile with plan-
driven approaches. Incremental agile adopters recognize increased quality
and reuse of code as well as improved quality of design and architecture as
all the design decisions are verified very soon. The quality aspects are
strongly linked to other highly ranked benefits. The practitioners reported
that agile increases the awareness of what has to be developed and allows
to soon design and requirements verification and validation. The feedback
and confidence aspect are recognized due to close cooperation with the
customer and frequent feedback. Practitioners also observe increased
process control thanks to continuous integration and small manageable tasks.
Limitations:

The relatively most recognized limitation as perceived by the practitioners
was that agile requires sufficiently trained managers (on agile
development) as the empowerment of engineers makes managers afraid
initially (the teams should be self-organized rather than centrally managed).
To remind, the initial development process was based on a heavy plan-
driven approach. There were hardly any signs of agile. Moving the
responsibility from managers to development teams was a great ideological
change in contrast to what had been practiced before.

Pattern 2: a great big-bang transition from plan-driven towards agile.

(0}

Benefits:

In contrast to Pattern 1, increased quality and adaptability benefits are not
recognized. The first thing that is well recognized is a more efficient way

of project planning than in plan-driven approaches. The practitioners
observe improved verification and validation processes, especially in terms
of a quicker and more thorough response to defects due to responsibility
moved from managers to developers and more efficient use of testers time.
They also mention increased process control and the ability to apply agile
practices to the stage-gate management model as an important benefit.
Limitations:

The uncertainty of managers is less significant, but still noticeable limitation
for this pattern. However, practitioners mostly focused on another limitation.
They consider that agile requires high qualifications from all team members
along with the leader to be effective (e.g. poorly conducted meetings, lack
of knowledge of prioritization techniques etc.). That could happen if
everything is attempted to be changed and applied at once. To many changes
introduced at once, without gradual adaptation of the new practices may lead
the organization to a flawed agile process that is ineffective. Among the
limitations there was a complaint that agile results in delays of getting
functional testing running due to workload of frequent integration. As
mentioned before in Section 6.4, frequent integration with testing is a very
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demanding practice and it requires a lot of effort from the organization
to apply it successfully, to adapt the previous automated testing etc. When
it is introduced in a "big-bang" with other practices, problems may arise.
e Pattern 3: incremental adoption of agile practices to a plan-driven process

0 Benefits:
The practitioners generally recognize an increased effectiveness of their
verification and validation processes. They report improved turnaround time
for fixing bugs and much more efficient use of testers' time, thanks to small
teams and increased direct communication. Hence improved knowledge
transfer and learning along with achieving a common understanding within
the team are recognizable benefits of agile adoption. After adopting some
agile practices to their plan-driven processes, practitioners state that it is
possible to combine agile project management with traditional principles.

o Limitations:
The practitioners believe that agile requires sufficiently trained managers
(on agile development) as the empowerment of engineers makes managers
afraid initially (the teams should be self-organized rather than centrally
managed). The limitations perception is very similar to that described for
Pattern 1. The initial heavy plan-driven process is characteristic for both
organization types and the ideological change of thinking towards agile
approaches might be a long-term operation. However, organizations
described with this pattern are not transforming but only adapting a few
practices.

e Pattern 4: tailoring a complex hybrid process.

0 Benefits:
Practitioners following a top-down process development, that start with
a hybrid agile and plan-driven complex process, perceive benefits of similar
importance in varied areas. They report that agile helps the teams to achieve
a common understanding, the quality and reuse of code is higher, planning
and estimations of releases are more accurate and the effort related
to changing requirements is decreased thanks to a flexible process. It is
interesting that although they assigned a high amount of points to employee
satisfaction related category, they do not believe that agile makes people feel
comfortable and relaxed, yet purposeful and productive.

o Limitations:
Practitioners perceive limitations in many aspects. At first, the problem
of insufficiently trained managers seems to be general. They are afraid
of engineers empowerment and sharing responsibility with teams. The teams
experience issues related to different levels of members qualifications, what
leads to ineffective development. They report delays in getting functional
testing running, and most of all, they find that reporting and inter-team
communication is not efficient. The top-down model seems to generate
increased process effort related to configuration management and teams
coordination.
It is suggested to avoid this way of process building as it results in a number
of limitations. The claim was also an observation made by Boehm and
Turner [11].
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e Pattern 5: developing an initial simple agile process by adopting both: agile and
plan-driven practices
Pattern 6: developing an initial simple agile process by adopting only agile practices.
0 Benefits:
Benefits are in general similar for both perspectives. Practitioners appreciate
soon requirements validation due to close cooperation with the customer and
frequent feedback. They also report higher quality and reuse of code as well
as improved turnaround time for fixing bugs. There are also a few
differences between hybrid and pure agile processes. For hybrid
representatives, awareness of what has to be developed is the most
significant benefit, whereas the pure agile appreciate mostly improved
resource management due to real-time project tracking, improved
knowledge transfer and more thorough response to defects (as responsibility
for measuring quality is moved from the managers to the developers).
0 Limitations:
From both perspectives, the problem of agile scalability is noticeable and
they consider the professional skills specific demands as a significant
limitation.

Implications:
Practitioners might observe what are the actual practices adoption strategies, how practices

could be introduced into their development processes and what possible benefits and
limitations are perceived by other practitioners.

Based on the overview above, it is recommended that organizations which decide to switch
from traditional approaches should conduct the transition in an incremental way. In contrast
to a big-bang transition, a number of benefits is perceived with this approach, ahead of which
there are adaptability and increased quality of code as well as of design. Plan-driven
organizations that decide only to adopt a few agile practices also experience a vast
improvement to their processes. It is also suggested that recently created organizations
should build their process in an incremental, bottom-up way instead of tailoring an initially
complex process (top-down). The practices that should be introduced at first are mainly
related to increased interaction within development units - small teams and face-to-face
communication. They are a starting point in the process of agile adoption in most of cases.

For details please refer to Sections 5.2.5 and 5.3.

6.6 Hybrid software development approaches

Introduction:
In the survey, the participants were asked to define their development process in terms

of applied practices. The practices were marked on atimeline. All the currently used
development models of each of the organizations were captured. With assistance
of a clustering algorithm, a few classes representing different development approaches were
distinguished.

The findings provide answers to the research questions "RQ2: What are the patterns for
integrating different methodologies and what development models can be distinguished?"
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and " RQ4: What benefits and limitations can be expected regarding different agile adoption
approaches?".

Overview:
Four different development models were distinguished. Members within each class use

similar agile and plan-driven practices. The detailed development processes layouts are
available in Section 5.2.4.

The classes are as follows:

o Class 1: Agile process with a few plan-driven practices (many agile and a few
plan-driven practices)
0 members are of all possible organization sizes available in the survey.
o Class 2: Hybrid, balanced process (balanced number of agile and plan-driven
practices)
0 members are mostly "less than 50 employees" size with one exception,
"more than 4500 employees".
e Class 3: Agile process (pure agile process)
0 members are all "less than 50 employees".
e Class 4: Plan-driven process with a few agile elements (many plan-driven practices
and a few agile elements)
0 members are all "more than 4500 employees".

Members within each class are different from each other to some degree. It is apparent that
agile practices are almost always somehow, to different degree, combined with plan-driven
approaches and vice versa.

Class 1 members (agile process with a few plan-driven practices) perceive agile benefits
in a very balanced fashion. This model allows to experience almost all the agile benefits
to a similar degree. Practitioners find agile as very supportive for monitoring and controlling
processes, especially increased process control due to small and manageable tasks. They
agree that agile allows to fail cheaply as each fail is detected on every small step
(e.g. iteration, daily meeting). Verification and validation processes are improved, quality,
employees satisfaction as well as feedback and confidence are increased, knowledge and
learning are facilitated. It is also believed that agile helps to decrease effort, especially the
effort for redesign due to very soon architectural design decisions verification. This model
seems tobe applicable toany size of organization with great effect on all aspects
of development.

Class 2 members (hybrid, balanced process) perceive agile benefits slightly different when
compared to Class 1. The benefits related to improved controlling and monitoring, increased
satisfaction as well as feedback and confidence, knowledge and learning and social skills
development are significant. However, quality, verification and validation as well as
planning and estimations are not perceived as such important benefits of this approach.
Moreover, none of the decreased effort factors was rated as an important factor. Limitations
of this model are reported in all the aspects present in the survey.

Class 3 members (agile process) perceive that agile works well mostly for the developers.
They believe that it makes people feel purposeful as the team is a self-organizing community
and it increases confidence and satisfaction from the development itself (e.g. team is capable
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of achieving at hand, quickly understands where the limitations are). Practitioners also
recognize improved knowledge transfer and learning. They state that agile helps teams
achieve a common understanding (e.g. common vision of product, requirements etc.). The
most essential benefit is that the design decisions are verified very soon due to frequent
feedback. On the other hand, practitioners do not find increased awareness as a significant
factor. The more process-related benefits (e.g. improved verification and validation, planning
and estimations, quality, adaptability, are not recognized as essential for this approach.

Class 4 members (plan-driven process with afew agile elements) came up with avery
radical ranking. They definitely believe that agile helps to improve turnaround time for
fixing bugs due to frequent feedback (e.g. from integration tests) and leads to more efficient
use of testers time thanks to instant testing. However, the benefit that agile provides much
quicker and more thorough response to defects is not important at all. Practitioners also find
that agile is easily adaptable and it is possible to combine it with traditional approaches. It is
also noticed that agile helps to achieve a common understanding within the team and
develop cooperation skills.

Implications:
Practitioners might observe what are the actual development models, how practices are

combined and what possible benefits and limitations are perceived by other practitioners.

Based on the results above, it is recommended that agile adoption is beneficial.
Practitioners should aim at agile-dominated processes with a few plan-driven practices.
In contrast to other development models, this approach allows to perceive a number
of benefits of relatively similar significance in all development related aspects (e.g. quality,
employee satisfaction etc.).

For details please refer to Sections 5.2.4 and 5.3.
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7 RECOMMENDATIONS

All the recommendations presented below are based on the previous results and discussion
sections. New adopters might find them useful when considering process improvement.

7.1  Focus on people and adopt agile practices to improve
quality of working life

Practitioners should adopt agile in order toimprove quality of working life. It has
a significant positive impact on people involved in software development. Small teams and
frequent interaction lead to important benefits. Employees appreciate shared responsibility
and having influence on decisions. Due to increased communication knowledge transfer
is increased and thus, learning is facilitated. That allows to achieve common understanding
of problems and impediments as well as to take advantage of each member's strengths and
capabilities due to synergy effect. These benefits of agile adoption were seen by the research
participants as the most significant (Section 6.4).

7.2  Adopt agile to improve verification and validation
processes

Practitioners should adopt agile in order to improve verification and validation processes.
Requirements are validated early and on regular basis (e.g. on iteration reviews,
retrospectives) due to frequent and close cooperation with customers. Moreover,
development relies on verified work and faults are rarely replicated. Although implementing
an integrated testing environment is demanding, continuous integration and testing are seen
as a key improvement. The turnaround time for fixing bugs is improved as well. The benefits
related to improved verification and validation processes were highly ranked in the voting
(Section 6.4).

7.3 Investin agile training and coaching

Practitioners should pay much more attention to training on agile. Agile in order to be
effective has to be implemented properly. The process of agile adoption is demanding.
Hence, training on agile is recommended. Agile adoption is not only related to strictly
technical practices, but first of all it requires all the development related people to understand
the way of agile thinking. Managers must be aware of the importance of transferring the
responsibility to the development team itself and letting them be self-organizing. Moreover,
the teams should be directed by skilled leaders who know how to manage agile teams,
conduct effective meetings, monitor and control the process, make up for lacks
of plan-driven practices. Appropriate skills are also needed to implement specific practices
(e.g. continuous integration, automated testing, test-driven development, pair-programming
etc.). Without complete and detailed knowledge on implementing them (e.g. possible
difficulties and solutions, desired conditions etc.), the entire adoption could results
in ineffective development and wasted adoption effort. Limitations related to professional
skills specific demands were ranked by the respondents as the most significant challenges
of agile adoption (Section 6.4).
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7.4  Transform to agile in an incremental way

Transition to agile from plan-driven approach should be done in an incremental fashion.
This way of transition is perceived by practitioners as a comfortable and relaxed process.
In contrast to a big-bang transformation, many benefits are recognized with this approach.
Practitioners appreciate remarkable agile adaptability, increased quality, improved
verification and validation as well as monitoring and controlling processes. The only
relatively important limitation as perceived by respondents was related to professional skills
specific demands (Section 6.5).

7.5 Aim at a hybrid development model dominated with
agile practices

A hybrid development model dominated with agile practices supported by a few plan-driven
practices is perceived by practitioners as the most valuable process. It allows to experience
almost all the agile benefits to arelatively similar degree. Moreover, itis applicable
to varying contexts. In general, practitioners should abandon plan-driven approaches and
change towards agile.

Methodologies are rarely used in a form as they are defined (e.g. Scrum, XP, TDD etc.).
A certain set of practices is chosen as a mix of different methodologies and adapted to the
context. Moreover, itturns out that agile and plan-driven practices are most of the times
combined. Entirely plan-driven organizations tend to transform towards hybrid plan-driven
approach, whereas pure agile organizations integrate some plan-driven practices over time
to support their processes. The analysis has shown that such a development model leads to
the most balanced ranking of benefits, is successfully applicable to any organizational size
and seems to lead to advantages in all aspects of development (Section 6.6).

7.6  Monitor practices adoption

Practitioners should monitor the process of adoption of certain practices until they function
effectively. Some practices are abandoned over time due to faults in their implementation.
If a practice is not functioning after some fixed period as it should, agile coaches should be
consulted. The results have shown that mostly plan-driven practices are abandoned (due to
switching from traditional approaches towards agile). However, some agile practices are also
removed after their adoption. As discussed in Chapter 6, the reasons are mainly related
to lack of knowledge on agile development (Section 6.2). The previous studies reported that
in case of ineffective practices adoption, agile consultants should be involved [57].

7.7  Introduce technical excellence into development

Practitioners should introduce technical excellence into their development processes.
Organizations that do not develop reusable components, code or create low quality artefacts
are less likely to survive more than a few years on the market (e.g. increased maintenance
effort of low quality code, unnecessary re-development of similar components etc.).
Technical excellence should be embedded in organizational culture. The results have shown
that technical excellence is applied to much greater extent by bigger organizations than small
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ones. Participants reported about the importance of technical excellence for developing
organizations (Section 6.1).

7.8  Begin agile adoption with selected practices

Practitioners should begin agile adoption with face-to-face communication introduction. The
development environment should be organized in a way that facilitates frequent interaction.
The teams should be kept small and self-organizing. That is the first step that should be done
before other practices are adopted. Afterwards, continuous integration should be introduced
along with short iterations and related practices - planning meetings, retrospectives, frequent
reporting etc. The results have shown that these are the most frequently used practices.
Moreover, these combinations of practices are common. In addition, a graphical
investigation of the development models confirms the order presented above (Section 5.2.5).

7.9  Build your process in a bottom-up fashion

Processes should be build in a bottom-up fashion rather than tailored down. Top-down
process building results in a number of limitations. A comparison of these two models has
shown that participants perceive the top-down process building negatively (Section 6.5).
Moreover, it is recognized as a more demanding and expensive approach [11].

7.10 Apply certain practices together since they facilitate
each other

Practitioners should use certain practices together as they facilitate each other and synergy
is created (Section 6.3).

Face-to-Face communication facilitates Frequent planning and reporting and Prioritized list
of requirements development and management. Less time is wasted when planning
or reporting can be done face-to-face, for example on daily meetings. Prioritized list
of requirements is strongly linked to Frequent planning and reporting activities. Prioritized
requirements list is an input for planning activities and is also updated when work
is reported, for e.g. on burn-down charts.

Iteration planning meeting and Iteration review and retrospectives are a strongly linked
combination, as they both are elements of an incremental development approach which
isbased on short iterations. Small self-organizing cross-functional teams facilitate
conducting these meetings.

Continuous integration with testing facilitates Short iterations and releases.

The above common combinations were revealed through a cluster analysis of the
development models previously defined by the research participants.
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8 CONCLUSIONS

The research was based on asurvey sent toagile practitioners. The survey consisted
of questions about the 1) respondents profile, organizational context, 2) applied agile and
plan-driven practices with respect to time and order of adoption and 3) perception of benefits
and limitations as a result of agile adoption. The achieved results were essential to answer
the research questions. Answers to the questions are presented below.

Section 8.1 provides a summary of the research and answers to the research questions.
Section 8.2 introduces future work suggestions.

8.1 Summary and research questions

Overview of all the results related to the conclusions presented below is available
in Chapter 6 and Chapter 7.

RQ1: Which agile and plan-driven practices are applied by software development
companies?

The respondents were asked to define their development processes in terms of practices that
they applied. The results revealed a ranking of agile and plan-driven practices with respect to
frequency of their usage. The ranking has common elements with related work studies'
results, however, this research extended the previous studies with plan-driven practices.

With respect to the outcomes of the research, it is evident that agile practices dominate over
plan-driven in terms of frequency of usage. The most common practices (over 66%
of answers) applied by software development companies are: Face-to-face communication,
Prioritized list of requirements, Continuous integration with testing, Small self-organizing
cross-functional teams, Frequent planning/reporting, Iteration reviews/retrospectives,
Collective code ownership. It has also been observed that particular practices are applied to
varying extent in different size organizations (see Section 5.2.2 for details). The final ranking
of all the 21 agile and plan-driven practices is available in Section 5.2.1.

In addition, some practices are unsuccessfully applied and abandoned over time. Among the
most frequently abandoned practices there are agile Pair-programming, Test-driven
development, Continuous integration with testing. For details please refer to Section 5.2.6.

RQ2: What are the patterns for integrating different methodologies and what development
models can be distinguished?

The survey participants were asked to define their development processes in terms of applied
practices. Moreover, they were asked to mark start and end point in time for each of the
practices to indicate when it was introduced/abandoned to/from the process. Hence, common
practices combinations, development models and practices adoption strategies were revealed.

Common practices combinations. A hierarchical clustering algorithm was applied in order
to classify practices that are commonly applied together. The most popular combinations are
as follows: 1) Face-to-Face communication facilitates Frequent planning and reporting and
Prioritized list of requirements development and management, 2) Iteration planning meeting
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and Iteration review and retrospectives are a strongly linked combination, both facilitated
by Small self-organizing cross-functional teams, 3) Continuous integration with testing
facilitates Short iterations and releases. No reliable patterns for common combinations
of plan-driven practices were found. The details are available in Section 5.2.3.

Development models. A hierarchical clustering algorithm was also applied in order
to classify organizations with similar development models. Four different models were
distinguished - 1) agile process with a few plan-driven practices, 2) hybrid, balanced process,
3) pure agile process and 4) plan-driven process with a few agile elements. It is apparent that
agile is very often combined with plan-driven approaches, however, agile often dominates
over plan-driven approaches. The details are available in Section 6.6.

Practices adoption strategies. The development models were analyzed in a graphical way
in order to observe agile adoption strategies. Different adoption strategies towards resultant
models were distinguished. There were patterns such as 1) a great incremental transition
from plan-driven towards agile, 2) a great big-bang transition from plan-driven towards
agile, 3)incremental adoption of agile practices to a plan-driven process, 4) tailoring
a complex hybrid process (bottom-down) and 5) developing an initial simple agile process
by adopting other practices (bottom-up). The details are available in Section 6.5.

RQ3: What is the relation between agile practices adoption and its effect on different
development aspects?

Practitioners were asked to express their perception of agile benefits and limitations. Agile
benefits and limitations were grouped with respect to different development aspects
(e.g. quality, employee satisfaction, decreased development effort etc.). The significance
of each factor was tobe expressed with a number of points assigned toeach element.
The method applied was ahierarchical cumulative voting. Rankings of benefits
and limitations factors were revealed. The data was analyzed from different perspectives.
It is apparent that agile leads to both benefits and limitations. Most significant agile benefits
are related to 1) improved knowledge and learning, 2) feedback and confidence of what has
to developed and 3) employee satisfaction. The most significant limitations relate to 1) agile
scalability issues and 2) specific professional skills demands that are needed for successful
and smooth agile adoption as well as effective development. The details and rankings from
different perspectives are available in Section 6.4.

RQ4: What benefits and limitations can be expected regarding different agile adoption
approaches?

The data on current development processes was useful in understanding and further
cross-analyzing benefits and limitations, as those could be only evaluated properly when
having extensive context information.

The results for RQ2 and RQ3 were cross-analyzed in order to answer RQ4. The analysis
revealed that with different development models and adoption strategies come different
benefits and limitations. For example, if organizations transform towards agile
in an incremental way, they recognize improved quality of code, architecture, increased
awareness of what has to be developed, better process control and good adaptability of agile.
Moreover, they do not experience many limitations except for specific professional skills
demands in order to implement agile appropriately. As for recently created organizations,
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processes should be build in a bottom-up fashion instead of top-down approach, which leads
to a number of limitations. The analysis also revealed that following an agile dominated
process with a few plan-driven practices leads to an equable perception of benefits in all
aspects of development. Further details are available in Section 6.5 and Section 6.6.

8.2

Future work

As for the future work, it is suggested that the researchers should:

continue the research and extend it to a broader population in order to improve
validity of the study, make the results more generalizable and provide more
perspectives for analysis. More data could reveal further dependencies, e.g. how
software is developed in different countries and what the effects of agile adoption
are with respect to diverse locations of companies. The extensive list of benefits and
limitations could be reduced by removing the factors that have not been recognized
by practitioners as significant. That would further decrease the threat of the study
maturation.

address this research to new adopters as well. There is little information of what
organizations expect from agile adoption, and what they actually achieve over time
(short-term vs. long-term). New adopters could be asked the same questions a few
times (first time would capture expectations, the second would capture their early
perceptions and so on). After each time the perception could be different what would
allow to draw further conclusions.

focus on the limitations of agile adoption found through this study as significant
(e.g. professional skills specific demands, agile scalability) and research for
solutions that would help to overcome these challenges.

investigate why pair-programming, test-driven development, continuous integration
as well as other agile practices are abandoned over time, what are the reasons for
that. It would be also interesting to capture the duration of each practice
in organizations, find out patterns when they are abandoned etc.

investigate the issues of architecture quality designed with agile methods. Most of
the study participants use up-front detailed architecture design practice very rarely.
They rather decide to apply agile methods. However, quality of agile design still
seems to be an issue as it is not seen as a benefit by practitioners at all. Agile quality
issues are often reported in literature [58]. Architecture design with agile
should be further investigated in order to address quality related issues.
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10 APPENDIXES

10.1 Appendix A - Plan-driven and agile practices

ID Practice name Description

1 # Up-front requirements are fully documented, complete as possible,
docume;ntatlon models such as UML diagrams are provided, requirements
of requirements stored in a central repository

2 # Detailed up-front detailed and extensive design of entire  software

architecture design architecture, use ofdiagrams and models, formal
documentation, architecture evaluation with respect
to quality attributes

3 # Big bang most of the implementation artefacts such as code and
integration and modules are integrated at once before milestones, then
infrequent releases integration testing is done, releases are done at least once

per 4 months or more

4 # Extensive time fully specified Gantt charts with fixed milestones for the
planning entire project, complete Work Breakdown Structure

decomposition, responsibility center focused on major
milestones rather than on small steps

5 # The project follows when  one phase is  finished, itis  closed,
a sequential flow e.g. 0) requirements, 1) design, 2) construction, 3) testing,
of phases 4) delivery. The project goes through other teams,

departments

6 # Detailed formal and plan-based quality, risk, resource, change and

management plans configuration management
and process
documentation

7 # Repeatable the process is formally defined and followed, itis
development process repeatable, its flexibility and abilities to adapt to projects

are limited
8 Face-to-face e.g. team sits together, open space office facilitating
communication interaction with other team members, video conferences if

the team is distributed, speaking to the target person instead
of passing information through written documents etc.

9 Technical excellence e.g. ongoing refactoring of the code, simplest solution
design, following coding standards, continuous attention
and conformance to quality etc.

10 Small self-organizing the team is independent of the organization's hierarchy,
cross-functional takes full responsibility for realized tasks, consists
teams of members that are all together able to develop software,

small in meaning of no more than 10 members etc.
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ID Practice name Description

11 On-site customer continuous user involvement in the development process,
together with the team, customer can be consulted anytime
itis needed, has thorough knowledge about domain and
requirements

12 Frequent e.g. everyday meetings to discuss what was and what
planning/reporting is going to be done, reporting the progress on a burn-down
chart, burn-up chart, informative workshops etc.
13 Prioritized list e.g. tasks in abacklog as features/user stories - short
of requirements statements of the functionality, system metaphors - stories
about how the system works
14 Pair-programming two developers work together at one workstation, they
switch roles of the writer of the code and the instant
reviewer
15 Time boxing e.g. fixed time of iterations, meetings, working hours

limited to 40h weekly - employees hardly ever work
overtime, no "death march" projects, team members avoid
burnout etc.

16 Continuous software is built frequently, even few times a day,
integration with to resolve conflicts with other modules, accompanied with
testing testing e.g. ten-minute builds, automated unit, regression,

acceptance testing to assure clean builds

17 Short iterations and frequent releases of the software, at most 3-4 months, early
releases and continuous delivery of partial but fully functional
software, incremental and evolutionary development

18 Iteration planning the entire team participates in selecting features to be
meeting implemented in the following iteration, estimating resources
required to implement them, consensus based, e.g. planning

game, the Wideband Delphi Estimation - planning poker

etc.
19 Iteration reviews, meetings after each iteration to review the project, discuss
retrospectives threats to process efficiency, modify and improve, build up
the software development process
20 Test-driven writing automated test cases for functionalities and then
development implementing the tested functionalities until the tests
are passed successfully
21 Collective code everybody in the team can change the code of other
ownership developers in case of maintenance, bug-fixing or other

development activities
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10.2 Appendix B - Agile benefits and limitations

10.2.1 Agile internal benefits factors

ID Factor Ref.

1.1 Agile improves knowledge transfer and learning between team [1],
members (e.g. how to do good testing, how to write good user stories, [42],
domain knowledge) as communication is improved (e.g. frequent [43],
contacts, exchange of programmers). [64]

1.2 Agile helps teams to achieve a common understanding (e.g. common  [1], [2],
vision of the product requirements, the development process to be [21],
used) among team members. [43],

[36]

2.1  Agile helps todevelop communication skills (e.g. presentation, [21]
constructive discussion, negotiations etc.).

2.2  Agile helps to develop cooperation-related skills (e.g. ability to help [21],
each other, solve problems together). [43]

2.3 Agile helps todevelop adaptability skills (e.g. ability to adapt [21]
to changing conditions/change in plans).

3.1  Agile leads toempowerment of the engineers and thus increased [43]
motivation due to its technical focus (e.g. frequent milestones and short
iterations).

3.2  Agile makes people feel comfortable and relaxed, yet purposeful and [21],
productive (e.g. due to common ownership of product, 40 hour week, [43]
discussion of issues)

3.3 Agile increases confidence and satisfaction (from perspective of the [1],
internal organization) of the product being developed as it gives the [21],
confidence that the developed software is what the customer desires (e.g. [43],
the team is capable to achieve at hand and quickly understand where the [64]
limitations were)

3.4  Agile makes people feel purposeful as the team is a self-organizing [21]
community with aculture that emphasizes shared responsibility (e.g.
team members have influence on decisions, there is a need to collaborate
in order to achieve goals).

4.1  Agile allows to verify design decisions very soon due to frequent [43]
feedback (e.g. feedback from integration tests).

4.2  Agile increases the awareness of what has to be developed thanks [21],
to close cooperation with the customer (e.g. by on-site customers). [42],

[45]

4.3  Agile leads to soon requirements validation due to frequent feedback [36],
on their work (e.g. feedback from customers after software [64]
presentations).

5.1  Agile results in higher quality and reuse ofcode (e.g. ongoing [2],
refactoring, test-first programming, programming in pairs etc.). [36],

[43],
[64]
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ID Factor Ref.

52  Agile leads toimproved quality of design, architecture and [36]
performance as design decisions are verified very soon.

6.1  Agile leads to improved turnaround time for fixing bugs due to early [36],
discovery and handling of issues and thus following development relies [42]
on verified work.

6.2  Agile provides much quicker and more thorough response to defects as [21]
responsibility for measuring quality is moved from the managers to the
developers.

6.3  Agile leads to more efficient use of testers' time as in small teams [43]
testing and design can be easily parallelized due toshort ways
of communication between designers and testers (instant testing).

7.1  Agile allows accurate small scope estimations as requirements in [43]
requirements packages are precise.

7.2 Agile allows more efficient way of project planning as the processes [21]
are organized in more releases and managers are more satisfied with the
way they plan their projects (rather than are plan-driven companies).

7.3 Agile increases the ability to forecast (e.g. releases, iterations) based on [36],
real data as the process is more dynamic [64]

8.1  Agile methods complement the stage-gate management model with [21]
powerful tools for micro-planning, day-to-day work control, reporting on
progress.

8.2  Agile methods result in improved resource management, product [21]
functionality, on-time delivery and quality control due to real-time
project tracking

8.3  Agile leads toincreased process control, transparency and quality [36],
through continuous integration and small manageable tasks. [43]

8.4  Agile allows for continuous improvement and refinement of the [36],
development process (e.g. at the end of each iteration, release). [43]

8.5 Agile allows to fail cheaply as each fail is detected on every small step [36],
(e.g. end of iteration, daily meetings). [64]

9.1  Agile thrives in radically different environments (e.g. from [21]
hierarchical structure tolittle or no central control, customer
involvement and physical setting varied greatly).

9.2  Agile methods are adaptable and it is possible to combine agile project [21]
management with overall traditional principles (e.g. plan-driven
approaches).

10.1  Agile decreases effort related to changing requirements as the process [21]
is flexible to incorporate changes in requirements at a later stage with
less impact on the project (e.g. features and requirements that are
planned in detail are only these to be implemented in a specific cycle).

10.2 Agile helps todecrease effort for redesign due tovery soon [43]

architectural design decisions verification (e.g. frequent feedback,
software demos) since the later changes are incorporated, the more effort
is generated.
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ID

Factor Ref.

10.3 Agile decreases effort of overall work due to reduction of the waste [2], [43]

ofnot used work (requirements documented, components
implemented) as itis reduced as small packages started are always
implemented.

10.4  Agile decreases effort of rework caused by faults as testing priorities [43]

are made more clear due to prioritized features, and that testers as well
as designers work closely together.

10.5 Agile decreases the effort of extensive documenting since small teams [43]

with people having different roles only require small amounts
of documentation as it is replaced with direct communication facilitating
learning and understanding for each other.

10.2.2 Agile internal benefits categories

ID
1

Factor

Knowledge and Learning: Agile results in improved knowledge transfer and helps
to achieve the teams a common understanding.

2 Social Skills Development: Agile helps to develop socials skills such as
communication, cooperation, adaptability.

3 Employee Satisfaction: Agile improves the quality of working life. Employees feel
more comfortable, relaxed, satisfied and purposeful.

4 Feedback and confidence: Agile increases the confidence of development team
that what they are doing is appropriate. The feedback from customer is frequent and
decisions are verified very soon.

5 Quality: Agile results in improved quality of software products.

6 Verification and validation processes improvement: Agile leads to improved,
more efficient verification and validation processes.

7 Planning and estimations: Agile allows for more accurate planning and
estimations based on real data.

8 Monitoring and controlling: Agile results in more efficient ways of monitoring
and controlling of the development process.

9 Adaptability: Agile is adaptable to different environments as well as other software
development approaches.

10 Decreased effort: Agile leads to much more efficient development process due to

reduction of effort of work, design etc.
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10.2.3 Agile internal limitations factors

ID Factor Ref.

11.1 Agile decreases developers motivation as they are distracted and feel [36]
uncomfortable when they have to report progress of work (e.g. work that
has not been tested in an integrated fashion) as a matter of frequent
meetings.

11.2 Agile causes increase of stress level of developers due to frequent [52]
deadlines and milestones.

12.1  Agile requires a comparable level of qualifications of the developers, [21],
otherwise the development will be ineffective (e.g. delays in [43]
development of modules).

12.2  Agile requires high qualifications from the all team members along [1],
with the leader to be effective (e.g. poorly conducted meetings, lack [36],
of knowledge of prioritization techniques etc.). [43],

[45]

12.3  Agile requires sufficiently trained managers (on agile development) as [1],
the empowerment of engineers makes managers afraid initially (the [36],
teams should be self-organized rather than centrally managed). [43],

[64]

12.4 Agile makes team members less interchangeable (what has [21],
consequences for how projects are managed) and more difficult [36]
to describe and identify (agile teams are not only build of skilled
developers, members complement each other, synergy is created).

13.1 Agile provides limited support for developing safety-critical software [45]
(e.g. military or healthcare domain where the software needs to be of the
highest quality possible).

13.2  Agile provides limited support for development of legacy systems [36]

14.1 Agile is poorly scalable and thus provides limited support for [43],
distributed development environments. [45],

[64]
14.2  Agile is not applicable to large teams and thus limited for development  [1], [2],
large-scale development. [36],
[43],
[45],
[64]

15.1 Agile requires much effort to compensate shortage of project testing [1], [43]
due totest coverage reduction within projects as aresult of lack
of independent testing.

15.2 Agile requires much effort toproduce big amounts of testing [43]
documentation.

15.3 Agile requires much effort for continuous testing as creating an [43],
integrated test environment is hard for different platforms and system [45]

dependencies.
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ID Factor Ref.

16.1 Agile significantly increases the effort of configuration management [43]
due to the need of coordination of the high number of internal releases.

16.2  Agile methods cause increase of effort of packaging as it is still viewed [43]
from a technical point of view, but not from a commercial point of view.

16.3 Agile increases the development effort and delays as dependencies [43]
rooted in implementation details are hard to identify and not covered in
the anatomy plan (lack of documentation).

16.4 Agile increases the management overhead due toahigh number [43]
of teams requiring much coordination and communication between
(issues with coordination of work, priority lists between agile and non-
agile teams due to different approaches, phases, methodology etc.).

16.5 Agile increases the maintenance effort as many different versions have [43]
to be supported and test environments for different versions have to be
created (e.g. as result of the ability of releasing many releases to market)

17.1 Agile is inefficient as there is a handover from requirements to design [1], [43]
due tocomplex decision processes as well as some decisions are
ineffective due to social values embraced by agile as they are contrary
to those that group members desire.

17.2 Agile results in delays of getting functional testing running due [43]
to workload of frequent integration.

17.3 Agile provides inefficient way of reporting progress on frequent [36]
meetings (e.g. if team is inexperienced or more than 8-10 people).

17.4  Agile results in reduced efficiency of development as close developers [21],
cooperation leads to exhaustion. [43]

17.5 Agile makes the inter-team communication inefficient (e.g. especially [36]

when teams follow different software development process and have
to co-operate within the same project).

10.2.4 Agile internal limitations categories

ID Factor

11 Employee Dissatisfaction: Agile results in decreased motivation and increased
stress level of the employees.

12 Professional Skills Specific Demands: Agile is very demanding when considering
professional skills in order to be successful.

13 Limitation to Specific Product Domains: Agile is limited to safety-critical and
legacy systems.

14 Scalability: Agile is poorly scalable and not applicable to large development teams.

15 Increased Testing Effort: Agile results in increased testing effort. Continuous
testing demands are very high.

16 Increased Process Effort: Agile methods lead to increased effort of project
management, software maintenance, packaging etc.

17 Lead Time and Efficiency: Agile is often inefficient. The inefficiency is mainly
related to development, communication overhead and delays.
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10.2.5 Agile external benefits factors

ID
18.1

Factor

Agile development delivers high value to the customer as the software
reflects his real needs as aresult of constant feedback and close
cooperation (the customer receives software that he desires, with no
understatements, the goals are met etc.).

Ref.

[36],
[64]

19.1

Agile results in increased quality of the software products in terms
of reliability, usability, functionality (e.g. less number of defects, faults,
functionality reflects requirements etc.).

(2], [36]

20.1

Agile development results in faster time to delivery (e.g. as a results
of increased productivity in terms of LOC/h, more effective
development process etc.).

[21]

211

Agile development results in lower development cost as the
development effort is reduced and the process is more efficient.

21.2

Agile leads tolower costs of software maintenance as aresult
of higher quality of the development artefacts (e.g. well formed project
documentation, high quality code without bad smells etc.).

21.3

Agile allows for more precise evaluation of costs and the real value
of features and the final product.

[21],
[36],
[43]

22.1

Agile methods improve relationships with the customer as they can
understand the development process (e.g. why there are delays, why
some decisions have to be changed, why it takes specific amount of time
to deliver software etc.) and thus allow negotiations.

22.2

Agile increases the confidence of the customers who have constant
control over the project the as they participate actively and are involved
in the process (e.g. have the opportunity of feedback and responding
to changes what is highly praised at the project sign-off)

22.3

Agile allows increases the satisfaction of the customer in the product as
the business value is demonstrated early and more often than
a traditional team (e.g. due to delivering in-progress software, demos
thanks to frequent iterations and builds).

[21],
[36],
[45]
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10.3 Appendix C - questionnaire screenshots

Practice name Practices timeline
Mever Don't (Before 2008 (2008 2009 2009 2010 2010 2011 2011 2011 2011 2012 2012
2005 | 2006 2007
used  know | 2004 H1 HZ H1 HZ  Hi Hz @l @ ox o+ @ a2

up-front documentation of requirements
Detailed up-front architecture design &

]
|
Big bang integration and infreguent releases & [7]
0o

Extensive time planning

Detailed management plans and process
documentation &

Repeatable development process =

7l

e e i

Time boxing

7l

«Continuous integration with testing

3

short iterations and releases

7l

Iteration planning mesting

o

Iteration reviews, retrospectives

3

Test-driven development
Collective code ownership

Face-to-face communication =

7l

Technical excellence

7l

small se¥f-organizing cross-functional teams

¥

On-site customer

7l

Freguent planning/reporting

o

Prigritized list of requirements

i o e i

Pair-programming =

:
g
i

2008 2008 2009 2009 2010 2010 2011 2011 2011 2011 2012 2012
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Figure 25. Screenshot of an incremental transition from plan-driven approach to agile.

Practice name Practices timeline

::;?I’ m‘:\. mre 2005 2006 2007 W i.l:” il‘!” il:)? il:‘o fi.l;-ﬂj zl:" g‘l ;.;H ﬁ“ zl:li‘. g‘?_
up-front documentation of requirements = =
Detailed up-front architecture design 2 =
Big bang integration and infreguent releases © I:I
Extensive time planning & [7] [
The project follows a sequential flow of phases & I:I
Detailed management :J;r":: t;:fs (&
Repeatable development process ' I:I
Time boeing 2 [0 [C]
Continuous integration with testing @ [0 [
short iterations and releases @ [0 [
Iteration planning meeting @ [0 [
Iteration reviews, retrospectives 2 =
Test-driven development & [0 [
Collective code ownership @ [0 [
Face-to-face communication 2 [0  [0]
Technical excellence &[] [
small self-or ganizing crossfunctional teams &[] [
Onesite customer E =
Freguent planning/ reporting ' D I:I
Prioritized list of requirements = [ [
Pair-programming = =
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i
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Figure 26. Screenshot of an agile dominated development model.

113



Hedping Mote:
- Please note the counter in the upper-right comer of the window. It shows how many points are still left to be distributed.
- Put zeras first on items that you do not consider important at all

- The avg. Is 10 paints. There are 10 main factors. Put the average on items you consider are of medium importance. Relatively, put more or less points on those of higher or lower importance,

Please, note that you will be later asked to do sub-voting for elements within each category.

Knowledge and Learning: Agile results in improved knowledge transfer and helps to achieve the teams a commen understanding. 30

Agile improves knowledge transfer and learning betwean team members (e.g. how to do good testing, how to write good user stories, demain knowledge) as communication is improved
(e.g. frequent contacts, exchange of programmers).

agile helps teams to achicve 3 common understanding (.4, cameman vision of the praduct requirements, the dovelapment pracess ta be used) among team members.

Socilal Skills Development: Agile helps to develop socials skills such as 0
Agile helps to develop ication skills (e.g. p / ive discussi fations etc.).

agilir helps 1o develop cooperati

v-related skilk (e.g. ability 1o help each other, sobe problems ogether).
Al helpes to develop adagtability skills (e.g. ability to adapt to changing conditions/change in plans).

Employee Satisfaction: Agile improves the quality of working life. Employees feel more comfortable, relaxed, satisfied and purposeful. 0
Agile leads to of the and thus due to its technical focus (e.g. frequent milestones and short fterations).
Al ma

agile increases and (from persp of the internal ) of the product being developed as it gives the that the developed software is what
the customer desires (e.g. the team is capable to achieve at hand and quickly where the were)

preople feel comfortable and relaxed, yet perposefl and productive (e.g. dise b comman ownership of product, 40 hour week, discussion of Fsus)

Agile makes people fael as the team is a salf. izie ity with a culture that izes shared ility (e.g. team members have influence on decisions, thera
is a need to collaborate in order to achieve goals).

Feedback and confidence: Agile increases the confidence of development team that what they are doing is appropriate. The feedback from customer is frequent and decisions are verified
Very 5000,

Agile allows to verify design decisions very soon due to frequent feedback [e.g. feedback from integration tests).

Figure 27. Screenshot of the voting procedure step.
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