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ABSTRAKT

Organizačné vzory sú kľúčom k postupnému prijatiu agilných a lean prístupov a
postupného rastu agilnej a lean spôsobu organizovania práce. Vzory môžu byť použité
či už na riešenie konkrétnych problémov v rámci organizácie, alebo na vybudovanie
novej formy organizácie.
Hoc výskumníci sa zaoberali problematikou agilných metód a lean vývoja softvéru, a
tiež vzormi a jazykmi vzorov, málokto však skúmal a hľadal spôsob, ako môžu
organizačné vzory pomôcť zlepšiť agilný a lean vývoj softvéru. Účinné využívanie
organizačných vzorov môže pomôcť pri identi�kovaní najlepšieho možného riešenia
pre zmiernenie problémov v neustále sa meniacich dynamických trhových podmienok
a zlepšenie procesu vývoja softvéru. Okrem toho zvládnutie správneho rozpoznávania
protichodných problémových síl v kontexte a spôsob ich zmiernenia vhodným
uplatňovaním organizačných vzorov, môže viesť k lepšiemu strategickému
rozhodovaniu vo vývoji softvéru.
V tejto práci predstavujeme niekoľko prístupov, nových metód a navrhnutých zmeny s
cieľom zlepšiť pochopenie organizačných vzorov:

• Prístup animovania organizačných vzorov. Zapojením účastníkov do zažitia
činností prostredníctvom rôznych rolí cez série scén v textových dobrodružných
hrách. Pôvodné situácie sú modelované s použitím rôznych nástrojov na
vyjadrenie podstaty vzoru vo viacerých fázach—každá vytvárajúca cenný
artefakt pre účastníka.

• Prístup modelovania zmien vzoru. Pôvodne opísané situácie možno vnímať
aj inak a účastníci ich môžu uplatňovať s malými zmenami, ktoré vytvárajú
varianty vo forme, vzťahoch a scenároch. Účastníci môžu sledovať, manažovať a
zlepšovať vývoj zachytením variantov organizačných štruktúr.

• Prístup merania agilnosti pomocou novej metriky. Môže sa použiť ako vstupný
bod pre analýzu aktuálneho stavu organizácie. Alternatívne môže analyzovať
rozsah uplatneného rozhodnutia a jeho dôsledky na organizáciu.

Každý prístup bol vyhodnotený s použitím netriviálnych príkladov vrátane zapojenia
externých spoločností. Okrem toho, prezentujeme aj reálne situácie, ako možno všetky
tieto prístupy môžu byť uplatnené či už samostatne alebo spoločne v synergií.



ABSTRACT

Organizational patterns are the key to a stepwise adoption of agile and lean approaches
and to a piecemeal growth of agile and lean organization of work. They can be applied
to correct particular problems within an organization or to build a new organization.
Although there has been much research done on the agile methodologies, and lean
software development, and in particular about patterns and pattern languages, little
work has been done in �nding how organizational patterns can enhance agile and lean
software development. Using organizational patterns e�ciently can help with
identifying the best possible solution for tempering down problems of the
ever-changing dynamic market conditions and enhancing the software development
process. Furthermore, by mastering the correct recognition of contradictory problem
forces in a context and how to mitigate them by appropriately applying organizational
patterns can lead to improved strategic decision-making in software development.
In this thesis, we present several approaches and novel methods, proposed various
changes in order to improve organizational patterns comprehension:

• An approach to animating organizational patterns. By taking participants to
experience actions from di�erent roles by passing through a series of scenes in
the textual adventure games. Original situations are modeled using various tools
to express the essence of a pattern at multiple stages—each producing a valuable
artifact for a participant.

• An approach to modeling pattern variations. Originally described situations can
be perceived di�erently, and participants may apply them with small changes that
generate variants in their form and relationships and a scenarios. Participants
can track, manage, and enhance evolution by capturing variants of organizational
patterns.

• An approach to measuring agility using a novel metric. It can be used as an entry
point for analyzing an organization’s current state. Alternatively, it can analyze
the extent of applied decision and their consequences on the organization.

Each approach was evaluated using nontrivial examples also including the involvement
of external companies. Furthermore, a real-life situations are shown to illustrate how
all these approaches can be applied either standalone or together in synergy.
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1 | Introduction

The popularity of agile and lean approaches to software development in general—and
Scrum in particular—is still on the rising curve for their �exibility and e�ectiveness
while being close to the natural human attitude towards work [28].
The work of Christopher Alexander Pattern Language [2] caused revolution at perceive,
express and chronicle the nameless qualities. His re�ections and manners has in�uenced
not only architectural engineering, but also software engineering. Patterns from his
book inspired also game designer Will Wright to adapt its principles like a models for
simulation game SimCity [3].
Inspired by the work of Christopher Alexander, Coplien and Harrison published
Organizational Patterns of Agile Software Development [5], which brings a di�erent
perspective on agility in organizations. Organizational patterns are the key to a
stepwise adoption of agile and lean approaches and to a piecemeal growth of agile and
lean organization of work. However, their text description is not easy to comprehend.
When applying organizational patterns in an organization, we can face di�culties
related to the exerted convention, mindset of people, and overall �rm culture, which is
also the case of applying agile methods [15].
However, as Zdun [30] claims, applying patterns also requires a certain amount of
gained expertise. It is necessary to understand how the solution presented in the
pattern �ts the overall system and what consequences this pattern can bring to the
system. Finally, to know what new possible problems are created, which will probably
be resolved by other patterns.

1.1 Thesis Statement

Challenges in the management of software development projects require perfect
collaboration from the participants in order to be successful and pro�table. Applying
organizational patterns may minimize some problems by addressing their
contradictory forces. But making the right decisions during the software development
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on how, when, and what organizational pattern to use for solving problems can
sometimes be demanding on participants because they may not have the necessary
knowledge or skills at a speci�c time in a particular situation. Decisions—good or
bad—a�ect involved participants across the various levels, but their consequences also
a�ect other participants and the resulting product. Therefore, the thesis statement is
as follows:

Exposing the practitioners to e�ective examples of the fundamental
situations on which organizational patterns and their variants are based
will improve the comprehensibility of the organizational patterns.

1.2 Approaches Proposed in This Thesis

According to design science research practice [24], we constructed and assessed
several complementary approaches for addressing the thesis statement. To be able to
use organizational patterns e�ciently, we have to ensure that participants master
organizational patterns. Therefore we:

• Animating organizational patterns - although patterns capture tested and
veri�ed solutions to problems based on previous experiences, the original text is
extensively described, and participants may �nd it hard to get the essence of a
pattern. An organizational pattern is transformed into text adventure games
using NLP processing with force �eld analysis to visualize contradictory forces.
The scenario is modeled using a UML state machine diagram. Final text
descriptions intended to display for participants are modeled using a linguistic
causal modeling process.

• Modeling variants of organizational patterns - Coplien [5] also con�rms
that since organizational patterns were written as catalog, it does not mean that
they can not change in the future. Originally described situations can be
perceived di�erently, and participants may apply them with small changes that
generate variants in their form and relationships and a scenarios. Participants
can track, manage, and enhance their evolution by capturing variants of
organizational patterns.

• Measuring and improving agility with organizational patterns - based on
our research about existing agile metrics, which we found unsatisfactory, we
created a custom metric that is not only useful in comparison with other metrics
but also can be used for evaluating our approach.



2 | Capturing Experience

It is essential to realize that agile and lean are actually not new, nor did they appear
suddenly. On the contrary, they are based on recurring organizational patterns that
have been around long before they have been quali�ed as agile or lean. As Coplien
and Harrison [5] showed, these organizational patterns can be identi�ed in successful
projects and presented in a concise, written form in a similar manner as design patterns
in software development [10] or patterns in building architecture, where this idea was
�rst proposed by Alexander [1].
However, despite vast e�orts, there have been recurring di�culties in the adoption
of agile and lean approaches. As Vijayasarathy [25] con�rms, they are even being
rejected at di�erent levels of organizational structure, including developers themselves.
This is paradoxical, since agile and lean bring more freedom and involvement.
Part of the reasons probably lies in not providing practitioners, who often have been
conditioned (i.e., trained) to following heavyweight development processes, with an
opportunity to experience—and not merely understand—what agile and lean are.
In software engineering, sociologist Melvin Conway observed interesting
interconnection between the shape of software artifacts and the organizational
structure of a company. The result of his research claims followings:

Organizations which design systems [...] are constrained to produce
designs which are copies of the communication structures of these
organizations. [4]

2.1 Organizational Patterns

Organizational patterns are the key to a stepwise adoption of agile and lean
approaches and to a piecemeal growth of agile and lean organization of work. They
can be applied to correct particular problems within an organization or to build a new
organization. Scrum has been expressed in terms of Coplien and Harrison’s
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organizational patterns [20], and there was even an ongoing work to de�ne
Scrum-speci�c patterns [23] which just recently �nished [22].
Considering that these patterns are applicable through many roles (not merely tied
with software development) in a enterprise, sometimes arise problem when one wants
to apply these patterns without enough authority.
The primary key element for successful adoption of agile and lean approaches seems
to change not only the organizing of developers but also the management.

2.1.1 Structure of a Pattern

Coplien and Harrison, as a basis for the visual and structural representation of an
organizational pattern, used Alexander’s pattern form [2]. It comprises text descriptions
that are split into three parts each divided by three symbols of an asterisk
Title *
Context
∗ ∗ ∗
Problem with accompanying forces
Solution
∗ ∗ ∗
Consequences
The content (text description) of patterns according to Coplien was built as follows:

Many of these patterns are derived from stories we have picked up
throughout our travels — stories of real problems in real organizations
and the real solutions those organizations applied. Many of our patterns
start with what we believe to be a particularly poignant or appropriate
selection from among such stories. [5, Chapter 3.1.3, p. 25]

2.1.2 Relationships Between Patterns

By applying an organizational pattern the original problem and their contradictory
forces may diminish or disolve. There can be already applied other organizational
patterns which probably solve similar problem so they may be contextually closer.
As was previously mentioned in Section 2.1.1, patterns can indicate their relation
to other patterns in the context part or consequences part. It is possible to apply
patterns standalone, but some patterns may work well in conjunction with others and
multiply their bene�t. Patterns can be composed into an arrangement that analogically
resembles language and can be used similarly by parts or units. The arrangement of
patterns into a pattern language can tell a reader how one can build a whole, a system.
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2.2 Comprehension of Pattern

Alexander’s [2] pattern language is intended to be used with the architecture of the
real material world. In such an environment, the context consists of buildings, places,
people, habits, and situations. These aspects are well recognizable because they are
linked to physical objects (mostly static) and perceived by simple observation. As a
result of previous, context identi�cation is more manageable, and �nding potential
solutions for speci�c problems can be well imagined.
Likewise, but intended to use in the non-material virtual world of software are Gamma
et al. [10] design patterns. The context consists of relationships between classes, objects,
attributes, and situations. These aspects are directly observable and moreover, they
are static (do not have moods, emotions or needs).
On the contrary, the organizational patterns are applied in a dynamic social
environment where it is sometimes hard to identify a context and its forces through
observing a behavior. Therefore, the assumption is that the context will be similar to
reality, ideally the same or at the most minimal dissimilarity, in order to successfully
repeat organizational patterns application.
Furthermore, the text description of the pattern needs to be designed in such a way
that it can immerse the reader into the situation and support comprehension.
Therefore one of our primary concerns is how to improve comprehension of
organizational patterns. Comprehension—not simple learning or acceptance—is
achieved by experience, which is typical of human nature.
As Coplien [5, Chapter 2.1.3, p. 15] con�rms, one way to gain experiences without
risking failure in a real setting is to employ sociodrama in which participants can
play the situation from the perspective of di�erent roles. However, people may not be
willing to participate due to shyness or discomfort from con�icts that, though played,
do arise and may evoke strong feelings among participants. Also, sociodrama can be
time-consuming and moreover requires the time coordination of many people.



3 | Animating Organizational Patterns

It is really hard to cut through all those forces, principles, and situations by which
organizational patterns are typically described. It is even harder if you are to apply
what you read in real life. Human nature requires experience. One way to gain it
without risking failure in a real setting is to employ sociodrama in which participants
can play the situation from the perspective of di�erent roles. Such example of using
sociodrama approach can be found in research by Vranić et al. [13, 26, 27]. Suppose
participants are enthusiastic and assimilate enough with their new role. In that case,
a good role-play in sociodrama can bring up the identi�cation of the core principles
accompanied by the “aha” e�ect. However, people may be not willing to participate
due to shyness or discomfort from con�icts that, though played, do arise and may
evoke strong feelings among participants. Sometimes the sociodrama can bring to the
surface negative things, and persons are confronted with this kind of feeling among
other participations that result in discomfort. Also, sociodrama is time consuming and
moreover requires time coordination of many people.
Anyone who experienced developing software remembers feelings and memories
associated with particular moments in situations. These feelings and memories are
saved in our subconsciousness and we remember them longer in compare with for
example read text. Feelings are tied to speci�c moments and when we experienced
similar situation as before we tend to act near just like in the memorized situation.

3.1 Serious Games and Importance of Scenario

One solution to the problems of employing sociodrama is o�ered by virtual games
where the person can act without feeling discomfort and, as a bonus, can be involved
anytime in any place. Using the game format is not new and has been applied in learning
software engineering under limited conditions [7], agile software development [19], or
lean approach [14, 16, 21, 31], in addition also by using virtual reality [9]. This type of
game is known as serious games and takes part in various non-entertainment sectors,
whether it is for learning or training. In order to motivate users to be more active,
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serious games often borrow fun elements from entertainment games; this technique is
called gami�cation [8].
Although the technical quality of the game is essential, in serious games, the scenario
is crucial to the perception of the situation by the user [11, 12]. If scenario is involving,
players easily identify with the main character, as we all know from popular games,
despite simple graphics (recall Pacman) or no graphics at all: text adventure games.
When mimicking sociodrama by a serious game, the goal is to make players feel the
forces driving the situation in the underlying organizational pattern as if they have
been exposed to them. The scenario should su�ciently emphasize moments speci�c to
that situation to achieve this.

3.2 Power of Imagination

We are dealing with software development professionals or people that—albeit
themselves do not participate in programming on a daily basis—have a good idea of
how software is developed and have been exposed to real critical situations that arise
during software development. Using right words but avoiding binding to any speci�c
programming languages or other notations, one can create a general setting capable of
immersing a person being conditioned to software development process by simply
being exposed to the respective environment into a desired �ctional situation
applicable to such environment.
The power of imagination is huge and can substitute other perceptions. For example,
if someone says to you: “Your program suddenly stopped functioning after you
implemented that new big algorithm,” your mind employs the imagination and your
memories and unfolds this condensed description into a speci�c situation that
comprises also your feelings related to such situation. Thus, despite the description
mentions no programming language, you instantly �ll in your own. Accordingly, you
gain a feeling of being in speci�c programming context, e.g. database development,
mobile application development, etc.

3.3 Organizational Pattern as Text Adventure Game

To ease their mastering, we propose to represent organizational patterns as adventure
games. An adventure game is a long-time known type of video games based on an
involving story rather than action (as opposed to arcade games). The game consists of
a number of scenes and the player as a protagonist is supposed to successfully solve
the tasks in each scene in order to �nish the game.
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The simplest form of realization of adventure games—known as text adventure
games—involves only textual scene description and command line interface. This does
not necessarily constitute a disadvantage as the stress is put on the game idea and
puzzling tasks that often span over several scenes. Considering our audience to be
highly educated, we assume that the textual description would be appropriate for
organizational pattern adventure games. Moreover, as can be experienced from
literary works, omitting direct graphical or video representation provides an
opportunity to readers to develop their own representation they can more easily
identify with while still maintaining conformance with the writer’s intent in essential
aspects.
The following sections present the proof of concept for our approach as an adventure
game for the Architect Also Implements organizational pattern [5].
This pattern puts the architect’s role in a direct and active contact with software
artifacts. This keeps architecture within the reality of implementation while providing
an opportunity for “ordinary” developers to take part in it.
There are two key roles in this pattern: architect and developer. It should be possible
to play the game from the perspective of each role separately. Consider the UML state
machine diagram. States represent scenes, each of wich is presented to the player in
the form of text description.
Transitions between scenes are determined by triggers and guards (introduced in
square brackets as common). Triggers are expressed by events that represent conscious
decisions from the perspective of player’s role, e.g. Adapt the architecture document.
After reading the scene description, the player chooses one of the events.
Guards represent conditions beyond the player’s role perspective. These may come
from the environment (Problems have been found) or other roles (The architect joins you).
The game could be con�gured to allow the player to choose among the guards in the
same manner as with events, to let the game make a random choice, or to always take
the default choice (without displaying the guards at all). Default guards are marked by
the «deafult» stereotype.
In case no conscious decisions is available to the player, the generic Continue event is
used. This means the player just continues to the next scene. Of course, if there are
guards on a transition with the Continue event, the transition is determined by the
guards.

3.4 Evaluation

We tried to evaluate our approach on the broad spectrum of stakeholders (students,
managers, architects, developers, and testers) participating in the software development
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process.
Firstly, we designed the questionnaire to compare before and after state e�ects directly.
Results of its comparison can bring the primal con�rmation or rejection our hypothesis.
Secondly, we will use an inductive approach and design a questionnaire that can
help draw theoretical and general conclusions. Therefore we designed an additional
questionnaire to support inductive reasoning. Finally, the result of comparison with
the conjunction of acquired theoretical conclusions will be used to deduce the �nal
judgment of our hypothesis.

Questionnaire for Measuring by Comparison. Scale between -5 is worst and +5
is best whereas 0 is neutral.

Research Question 1: Expression How is the form of expressing organizational
patterns?

Research Question 2: Comprehension Do you identify similar situations in reality,
like in organizational patterns?

Research Question 3: Agile and Lean How does your agile and lean organization
changed?

Questionnaire for Inductive Reasoning .
Scale between 5 is strongly disagree and 1 is strong agree whereas 3 is neutral.

Topic 1: Changing expression of original organizational patterns. Although
we chose animation as the active form for gaining experience, we would like the level
of comprehension of the passive form (original book) before they applied our solution.

1. Should be the original organizational pattern written in a more concise structure?

2. Should be the original organizational patterns supported by some diagrams?

3. The original text descriptions of organizational pattern involved you in the
scenario?

4. Did you �nd yourself in similar situations in reality?

5. Were you confused by interconnections of organizational patterns?
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Topic 2: The extent of improvement on organizational pattern
comprehension. After our approach was applied, we would like to know how
good or bad our solution was in speci�c parts.

1. The animated scenario evoked in you similar experiences from reality?

2. The text descriptions of animated scenes involved you in the scenario?

3. The text descriptions of animated scenes were understandable?

4. Were you confused by interconnections between animated organizational
patterns?

5. Would you carry out similar actions in your role as in the animated organizational
pattern?

6. Would you carry out similar actions when you know what e�ect you caused on
a di�erent role in the animated organizational pattern?

3.5 Results

By direct comparison of before and after results, we were trying to observe what
implications of applying animated organizational patterns were. The results from the
direct comparison (Figure 3.1) showed con�rmed signi�cant improvements in all three
measured variables when using animated organizational patterns compared to using
an only book.
Furthermore, we wanted to capture user experiences after our study in order to draw a
general conclusion about using organizational patterns. Therefore we used induction
and designed an additional questionnaire that covered two topics. The results
(Figure 3.2) indicate that the animated version of organizational patterns mitigates
speci�c concerns about the comprehension and applicability of organizational
patterns.
Finally, from the direct comparison results, we observed signi�cant improvements by
introducing animated organizational patterns. Complementary to these results,
�ndings by induction con�rm that animated organizational patterns mitigated speci�c
concerns about organizational patterns. Therefore from the results of each part of the
evaluation, we are deducing a deduction that our chosen approach to animating
organizational patterns supports correctness that by changing the expression of
organizational patterns, it is possible to improve the extent of their comprehension of
a broader spectrum of stakeholders.
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Figure 3.1: Assessment of questionnaire from the direct comparison between two groups which
used [B]-book, [A]-animated.

(a) Topic 1 both groups participated book/animated.
(b) Topic 2 only the control groups participated.

Figure 3.2: Assessment of questionnaire for inductive reasoning.



4 | Improving Organizational Pattern
Comprehensibility by Varying Their Form
and Relationships

The patterns as such have a particular shape and properties that are a�ected by the
environment in which they are used. One of the apparent variations—that can be
perceived at �rst glance—lies in a language mutation or variation based on the culture
of a country. For our purposes we used only English language. However, there can be
other factors that we can take into consideration.

4.1 Types of Variations

Pattern Forms It is imperative for the reader to understand the context of a problem
which is given in some pattern. Also, the reader must be able to distinguish the correct
pattern for solving their problem from a large number of patterns. The quality of a
pattern description depends on the author writing skills.
However, many pattern forms consist of di�erent structures (pattern elements) that
describe various properties of a pattern. Table 4.1 presents various identi�ed pattern
forms that are usually used.

Alexandrian form Canonical form Coplien form GoF form Compact form Portland form Beck form Fowler form
Title Name Name *. . . Name Name Name Title Title

Alias (optional) Alias (optional) Also Known As
Context Problem Context Intent Context Context Context (optional)

*** Context *** Applicability
Problem description Forces Problem discuss forces Motivation Problem Problem Summary of the pattern

Therefore: Solution Therefore: Participants, Structure, Collaborations, Implementation Forces Therefore, Forces
Solution Example (optional) Solution Sample Code Solution Solution Solution Discussion

*** Resulting Context *** But,
Rationale (optional) Consequences Consequences Resulting Context Consequences Resulting Context

Known Uses Known Uses
Related patterns Related Patterns Related patterns Related Patterns

Table 4.1: Pattern Forms

Pattern Elements Patterns can be made more abstract and viewed from a larger
perspective so that their applicability increases signi�cantly. As Wieck [29] con�rms,
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users can apply solutions di�erently from those encountered (and perhaps even
intended) by the pattern author.
This approach is not necessarily wrong. On the contrary, it can help to create new,
better solutions to some speci�c issues. In this way, new variations of patterns and new
patterns emerge. Variations arise naturally due to the inhomogeneous environment
where the problems and the authors of the solutions themselves �nd themselves.
Variability is greatly a�ected by forces limitations related to the problem.

Pattern Language A pattern language is created explicitly in the pattern as such.
Di�erent links between patterns can produce distinctive paths of an original pattern
language. Since contexts link patterns together into a pattern language, altering pattern
context will a�ect the operation of the pattern, for example, specifying the size, scope,
place of use, or programming language.

4.2 Community Web Portal

One of the earliest attempts to gather the information about various known types of
patterns is documented in the community wiki-like portal named the Portland Pattern
Repository [17]. Its pages are dedicated to the topics like pattern writing guiding, a
repository of various types of patterns, and pattern form [18].
Based on the Portland Pattern Repository, we created an auxiliary tool in the form of a
simple web portal for allowing us to gather data about variations. Users can search
and display details about a pattern in pattern languages. To support variability, the
web portal o�ers common CRUD (create-read-update-delete) operations with patterns.
Also, the form the patterns are displayed in can be switched. We choose the canonical
form as the basic pattern form because other pattern forms are derived from it.
Users can create, edit, and compare variations at any level. Variability can be
represented from a linguistic point of view (textual) and the point of view of diagrams
(in models, i.e., pattern interconnections in a pattern language). To express variability
visually, changes are marked by colors in their commonly used meaning:
red—removed, green—added, and blue—modi�ed. The detection of textual variants has
been performed by simple di� based on granularity. The detection of diagram variants
has been performed by comparing pattern language maps, which holds relationships
between patterns.
Transforming originally entered pattern from a less structural pattern form can be
problematic. To support transforming patterns into more structural pattern form, we
use the text extraction summarization technique with the help of natural language
processing (NLP).
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4.3 Evaluation

Five teams from two di�erent companies participated in our survey. All teams operate
in the IT sector and are mainly focused on product development.
Each team received its own web portal (described in Section 4.2) as docker container.
The initial setup of database contained almost 50 prede�ned organizational patterns
in their corresponding pattern language (originating from the book on organizational
patterns [5]).
User interaction like creating, editing, deleting and inserting were recorded. Users
were instructed to use the web portal as the catalog of organizational patterns when
they would need to look for some pattern during their normal everyday software
development. Users can also discuss patterns, and if they feel the need for making
changes to a pattern, they can create a variation to it. This also applies to pattern
language. When users need to adjust some pattern sequences or relationships in
a pattern language, they are free to do so. Finally, after more than two months of
interacting with the web portal, we stopped the experiment and collected the data.

4.4 Results

The evaluation results showed various interpolations that we further describe in the
following subsections.

Pattern Form Variants We wanted to know which pattern form users mostly
interacted with by creating new variants. Figure 4.1 shows that the pattern form the
participants interacted with most was the compact form.

Figure 4.1: Statistics of the most frequently modi�ed forms.

However, the results show several other exciting things. Users tend to create variants
by interacting with a more structural pattern form. Contrary to previous �ndings, the
extensive structural pattern forms were used far less.

Pattern Element Variants Next, we focused on �nding which speci�c parts of a
pattern form mainly were modi�ed. We take into consideration the comparison of the
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two most used pattern forms.
As shown in Figure 4.2a in the Coplien form, most users modi�ed the problem part,
which generated most variants of the pattern.

(a) Most modi�ed parts of the Coplien form. (b) Most modi�ed parts of the Compact form.

When a user transforms an organizational pattern from the Coplien form into the
compact form, the text processing dissects the problem part into separate parts (the
problem statement and forces). As it can be seen from Figure 4.2b, after transforming,
users continue with �ne-tuning both parts. However, we noticed that the part of the
forces is prone to create other possible variants.
In both cases, some parts of pattern elements are prone to produce more pattern
variants. Others—like name, context, solution, and consequences—share common
similarities and therefore are less prone to produce new pattern variants.

Pattern Language Variances The participants were conservative in the case of
changes to links between patterns, and only about 10% of connections between
organizational patterns changed among all pattern languages.



5 | Measuring and Improving Agility with
Organizational Patterns

The famous proverb that is usually associated with management theorist Peter
Drucker says: “what gets measured gets managed,” is traditionally used by managers
and executives to make decisions. One of the prevalent concerns about agile software
development methods is how e�ective they are and to what degree they can reach
changes, and what are the outcomes of changes. These types of concerns stem from
not having an appropriate style of management which in turn a�ects the organizing of
teams and their performance.

5.1 Organizational Patterns as Agile Metrics

However, existing agility metrics do not evaluate su�ciently how agile a team is. They
can provide us with visibility of agility at various levels of the software development
process. Still, they are not su�cient to measure agility at the higher levels of the
organization.
By contrast, organizational patterns cover all layers of an organization’s structure,
with the focus on the highest levels. Additionally, as in the book by Coplien et al. [6],
the authors state that Organizational Patterns [5] has laid the foundations for the
emergence of agile methodologies.
Considering that an organizational pattern captured solutions to problems from
experienced situations, we can assume that these situations can occur in the software
development process repeatably. Therefore the presence of such situations—which are
currently trying somewhat to solve contradictory problem forces—resembles the
principle of the organizational pattern. When the current setup manages the problems
and gets them under control, we can assess if the adopted solution resembles a
solution from an organizational pattern.
It is possible to state the following:
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Suppose that each applied organizational pattern increases an
organization’s agility. In that case, we can evaluate the extent to which
the organization is agile by the degree of occurrence of identi�ed applied
organizational patterns.

5.2 De�nition of Metrics

Each organizational pattern language can represent one speci�c agility metric. The
individual questions in the questionnaire will be based on the organizational patterns
that are in a pattern language. According to the answer to the question, the system will
evaluate the degree of compliance with the current processing organizational pattern.
As for the basis for the formulation of questions will be the patlets—minimalized
versions of organizational patterns compressed using If/Then construction. From these
patlets we will reuse the if condition as a form of visual presentation for questions
that the system will o�er to participants.
Primarily, the metric operates with all the organizational patterns. However, the
appropriateness of organizational patterns is assessed during the measurement, which
in�uences the maximum number of applicable organizational patterns. As shown in
Equation 1, let’s de�ne M as the de�nition of the measured results, and its value will
consist of the ratio of achieved and the maximum result expressed in percentage.
Let’s de�ne Ma as the achieved measured result. Its value is equal to the sum of not
skipped answers after multiplying them by the weighting factor of the question.
Let’s de�ne Mm as the maximum possible result. Its value is equal to the sum of the
maximum values of the answers to the non-skipped questions after multiplying by the
weighting factor of the given question.
As said previously, the result of the metric measurement will therefore be presented
both as a percentage of success and as an absolute number of points. An example of
such a result can be seen in Equation 2.
It is possible that a system could also visualize the results, both in the context of
a speci�c outcome and in the context of a schematic representation of the pattern
language used as a metric.

M =
Ma

Mm
[%] (1) M =

30

37
(' 81%) (2)
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5.3 Evaluation

It is necessary to evaluate whether the created metric is relevant and whether
participants can use it to measure agility, comparing and contrasting the measured
values with a suitably selected existing and veri�ed agile metric.
The Boehm-Turner model was chosen as the relevant control metric for its similarity
to the newly created metric.
To evaluate the newly created metrics and system, ten teams from 7 di�erent
organizations cooperated. Participants used the self-assessment method for a
questionnaire (measuring via the new metric) and the Boehm-Turner model.

5.4 Results

The results of the evaluation comparing the new agile metric are shown in Table 5.1.

Team New Agile Metric Boehm-Tuner model
Ma Mm M Imp Size Cul Dyn Per Sum

1 29,46 34,50 85,43 % 42 52 42 79 42 257
2 2,00 33,50 5,97 % 80 88 0 0 0 168
3 19,00 35,00 54,29 % 62 68 80 80 24 314
4 10,28 30,5 33,70 % 22 55 4 6 25 112
5 25,50 25,50 100,00 % 62 80 80 62 100 384
6 18,00 29,00 62,07 % 89 71 31 22 62 275
7 18,58 36,00 51,60 % 62 60 62 30 22 236
8 10,48 37,00 28,31 % 42 66 31 12 12 163
9 3,75 35,00 10,71 % 42 77 42 4 4 169
10 9,88 30,00 32,92 % 42 51 22 22 22 159

Table 5.1: Results of the second phase of evaluation

Correlations We used Pearson’s correlation coe�cient to evaluate the results of the
new metric evaluation against Beohm-Turner model. We calculated the correlation
between the measured percentage value of the questionnaire and the individual factors
of the Beohm-Turner model, as well as the sum of these factors.
According to the results of the conducted evaluation, we get the following correlations
between the results of the questionnaire and the individual factors of the Boehm-Turner
model:
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1. Importance—the resulting correlation is 0.163. This value represents almost no
correlation, which aligns with our expectations.

2. Size—the resulting correlation is −0.265. This value represents a very low
negative correlation, which aligns with our expectations.

3. Culture—the resulting correlation is 0.716. This value represents a slightly to
slightly high correlation, which is slightly inconsistent with our expectations, as
a large agreement was expected.

4. Dynamism—the resulting correlation is 0.917. This value represents a very high
correlation, which is inconsistent with our expectations, as a small to medium
match was expected.

5. Personnel—the resulting correlation is 0.899. This value represents a high
correlation, which aligns with our expectations.

Sum of factors—the resulting correlation is 0.902 which represents a very high
correlation.
Based on the calculated correlations of the newly created metric, mainly with the sum
of factors of the Boehm-Turner model, we can declare that the newly created agile
metric is relevant, and there is high conformity of measured values with the referenced
metric. As a bene�t, in comparison with the Boehm-Turner model, the newly created
agile metric has a much greater granularity, and the measurement method is more
accurate.



6 | Conclusions

Organizational patterns are the key to a stepwise adoption of agile and lean approaches
and to a piecemeal growth of agile and lean organization of work. They can be applied
to correct particular problems within an organization or to build a new organization.
Although there has been much research done on the agile methodologies, and lean
software development, and in particular about patterns and pattern languages, little
work has been done in �nding how organizational patterns can enhance agile and lean
software development. Using organizational patterns e�ciently can help with
identifying the best possible solution for tempering down problems of the
ever-changing dynamic market conditions and enhancing the software development
process. In this thesis, we presented several approaches and novel methods, proposed
various changes in order to ful�ll the thesis statement as presented in Section 1.1.
The main contributions of this thesis are as follows:

Animating organizational patterns (Chapter 3). This approach brings possibility
to experience di�erent situations on own skin without being afraid of making
mistakes. By supporting curiosity, participants may discover uncharted
combinations of applied patterns and observe how they work in tandem. As a
result of this, it contributes to learning and mastering their usage, which
promotes better decision-making.

Modeling variants of organizational patterns (Chapter 4). Patterns may evolve
over time, and new variations can emerge based on previous experiences or from
the requirement to adopt a new pattern. Each organization gradually got to the
point that variations of existing patterns are needed. However, variations can be
perceived in pattern languages too. To support variations, we created a tool that
can be later used as a community portal for participants dealing with patterns
and pattern language.

Measuring and improving agility with organizational patterns (Chapter 5).
For the purpose of di�erentiating the scope of prepared changes, there is usually
a need to be able to measure them to distinguish consequences. Measuring
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agility is a complex matter due to its abstract complexity, which does not have
physical relation. We solved this problem by relying on the organizational
patterns, which are used as fundamental detection indicators for searching for
the presence of their (agile) elements.
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