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Executive Summary

Turbulent times ask for resilient organisations

The .com crisis of 2000, the financial crisis of 2008 and the COVID-19 crisis of 2020
show us the importance for organisations to become resilient or even antifragile to sur-
vive (unexpected) external stressors. Research states that the current VUCA world will
expose enterprises to more and more stressors. Resilience is the way how a system bounces
back from impact by a stressor. Antifragile is the way a system improves by impact by a
stressor. This thesis combines (1) literature research on resilience with (2) the antifragile
attributes found in the literature and (3) variety engineering into one model. This model
is an Extended Antifragile Attribute List (EAAL). The research provided in this thesis
enables the leadership of an organisation to determine if the organisation should aim to
be antifragile or to be a specific type of resilience. After this determination, the EAAL
model enables leadership to determine which attributes to include into their enterprise
design. The EAAL is validated with various experts and with the leadership of various
organisations. The EAAL model might also be applied to generic system design includ-
ing technology infrastructure, software systems etc. The validation of the application in
these domains is outside the scope of this research.

The challenge

The goal of an enterprise (e.g. organisations) is to remain significant for its stakeholders.
Stakeholders are owners, employees and consumers (Op’t Land et al., 2008, p. 10, 13).

The challenge for organisations is to stay relevant in the current Volatile, Uncertain,
Complex and Ambiguous (VUCA) world and regain their ‘value‘ after being disrupted by a
black swan stressor event (Hutchins, 2018; Mack et al., 2015; Bennett and Lemoine, 2014b,a;
Anthony et al., 2016; Taleb, 2007; Casti, 2012).

The context of the challenge

A black swan is a stressor event in the VUCA domain that has a disruptive impact on a
fragile and robust system and is non-predictable (Taleb, 2007; Casti, 2012; Hole, 2016, p.
14). The non-predictability is dependent on the model applied (Taleb, 2007) and the random
behaviour of the world (Taleb, 2001).
Summarised: In the perspective of an enterprise, unpredictable events will occur.

An enterprise is an intentionally created Complex Adaptive System (CAS) consisting of
cooperating human beings with a certain social purpose, whereby it is impossible to de-
termine the ultimate (operational) reality of the enterprise down to the minute details (Dietz
et al., 2013, p. 93-94).
Summarised: An organisation is a system (of humans) which state is non-deterministic.

A Complex Adaptive System is a type of a non-linear dynamical system in the field of
Complexity Science and Systems Engineering (Lansing, 2003).
Summarised: An organisation is a system which behaviour is non-deterministic.
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To deal with the VUCA world enterprises need to be resilient (Martin-Breen and Anderies,
2011; Kastner, 2017; Henriksson et al., 2016; Aghina et al., 2017). Agility is one of the tools to
be resilient. To survive a black swan event just resilience is not enough, for this, an enterprise
needs to be antifragile (Hoogervorst, 2017; Taleb, 2012).

FIGURE 1: Fragile, antifragile and robust system behaviour to stress. Resilient
behaviour to time.

The Extended Antifragile Attribute List (EAAL) is a summary of the available literature
validated by experts and C-level management. This model is the first step in the design pro-
cess of a resilient or antifragile organisation. The model proofed to enable C-level managers
to determine the level of resilience (figure 1) that (parts of) the enterprise needs to have. It
enabled leaders to determine what attributes (figure 2) are needed to be able to develop the
selected behaviour.

FIGURE 2: The EAAL model.

This study can be extended with respect to the practitioner’s review by design authorities
outside of the organisational domain. Follow up study is needed on the causal relationship
between the attributes and the behaviour of the system.
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‘. . . each giant calling to his brother through the desolate intervals of time. . . ’

Friedrich Nietzsche (1873)

‘If I have seen further it is by standing on the shoulders of Giants.’

Sir Isaac Newton (1675)

‘Each generation stands on the shoulders of those who have gone before them’

Stephen Hawking (2017)

‘Whether you can observe a thing or not depends on the theory which you use. It is the theory that
decides what can be observed’

Albert Einstein (1926)
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Defining Antifragility and the application on Organisation Design

by Edzo A. BOTJES

The .com crisis of 2000, the financial crisis of 2008 and the COVID-19 crisis of 2020 show us
the importance for organisations to become resilient or even antifragile to survive (unexpec-
ted) external stressors. Research states that the current VUCA world will expose enterprises
to more and more stressors.

Resilience is the way how a system bounces back from impact by a stressor. Antifragile
is the way a system improves by impact by a stressor.

This thesis combines (1) literature research on resilience with (2) the antifragile attributes
found in the literature and (3) variety engineering into one model. This model is an Extended
Antifragile Attribute List (EAAL).

The research provided in this thesis enables the leadership of an organisation to determ-
ine if the organisation should aim to be antifragile or to be a specific type of resilience. After
this determination, the EAAL model enables leadership to determine which attributes to in-
clude into their enterprise design. The EAAL is validated with various experts and with the
leadership of various organisations.

The EAAL model might also be applied to generic system design including technology
infrastructure, software systems etc. The validation of the application in these domains is
outside the scope of this research.
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1

1 Introduction

We are living in complex and uncertain times (Hutchins, 2018). Our organisations are ad-
opting Digital Transformation and adopt the agile way of working to increase their speed
of adoption to the changing world (Aghina et al., 2017). The origin of the agile way is in
Software Engineering (Beck et al., 2001). Adopting the way of working from Software En-
gineering is not enough for an organisation to stay relevant in the current dynamic times
(Hoogervorst, 2017; Taleb, 2007, 2012).

In this thesis, I define antifragility and resilience, based on the available literature on anti-
fragility, by applying Variety Engineering to attributes of a resilient and antifragile System-
of-Systems and combine this into one model. This model is an Extended Antifragile Attrib-
ute List (EAAL). I do this with the aim that business leaders are able to determine which
factors are relevant for them when designing their organisation, so that they can stay relev-
ant as an organisation.

Resilience is the ability to recover from or adjust easily to misfortune or change (Mer-
riam Webster, 2020i; Martin-Breen and Anderies, 2011). Antifragility is the ability to gain
from disorder (Taleb, 2012). I recognise that the creation of this EAAL model is a first step
in creating a holistic view on the concept of antifragility and resilience. My research in this
thesis limits itself to the validation of the model as a summary of the current Body of Know-
ledge. It does not prove if the model is complete, or if the implementation of the model
delivers the described results.

1.1 Structure of this document

The structure of this document is as follows: Chapter 1 sets the stage. I will address in
chapter 2 the theoretical background and chapter 3 the used methodology for the research.
In chapter 4 I describe the conceptual model used in my research. The results and analysis
of the gathered data will be presented in chapter 5. Chapter 6 contains the conclusion, dis-
cussion and recommendations for future research.
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2 Chapter 1. Introduction

1.2 Structure of chapter 1

The content of this chapter is:
1.3 Why a thesis about antifragility? . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.4 There are no clear definitions on which there is consensus . . . . . . . . . . . . 6
1.5 Introduction into Antifragility . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.6 Introduction into Resilience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.7 Introduction into Risk Management . . . . . . . . . . . . . . . . . . . . . . . . 11
1.8 Examples of the application of antifragility . . . . . . . . . . . . . . . . . . . . 13
1.9 Problem Statement & Research question . . . . . . . . . . . . . . . . . . . . . . 14

1.2.1 Part 1 - A shared mental model of the storyline

First, I will provide a summary of this thesis as a whole in section 1.3 within section 1.3.5
some introduction into the "why" of this thesis. In section 1.4 I provide insight into my
decision to include more context and background than is common for a master thesis. My
aim of this part of chapter 1 is to share my mental model of the topic of antifragility.

I have looked at it in many ways and the topics and the order of the books written by
Nassim Taleb keeps coming back as the most logical way to grasp the underlying reasoning
for what antifragility is. The view that Taleb conveys is that the world is not a collection
of predictable causally linked events but is (mostly) random. I share this view, even before
I read the books of Taleb. It can be argued that our notion of reality is fragile to reality.
Considering that we all have a mental model of reality in our mind, and a model is a simpli-
fies representation of reality. Combined with the idea that every model is fragile for events
outside of the observations. Antifragility is the behaviour that does not behave fragile to
reality.

1.2.2 Part 2 - Introduction of the terms antifragile and resilience

After sharing my mental model, I will start to introduce the concepts of antifragility and
resilience. See sections 1.5 (Introduction into Antifragility) and 1.6 (Introduction into Resili-
ence). I aim to provide a basis to put the rest of the content of this thesis in perspective.

1.2.3 Part 3 - Introduction into the role of antifragility and resilience in
risk management

Risk management is a discipline that has strong relations with antifragility and resilience.
See also section 1.7 (Introduction into Risk Management).

Antifragility and resilience describe how a system behaves. Risk management is the
discipline of which goal is to design systems to have a specific behaviour. The behaviour of
a system is usually expressed in relation to the influence (input) on the system.

In section 2.6 (Randomness) I provide an introduction to chaos and complexity. There
it will be explained why the influences on a system are getting more and more differs and
unpredictable. This increase in diversity and unpredictability of the influences is the reason
to design resilient and antifragile organisations.

1.2.4 Part 4 - Application of Antifragility

In section 1.8 I provide some examples of the application of antifragility.

1.2.5 Part 5 - Problem statement & research question

I end with the problem statement and research question in section 1.9. This also includes the
reason why I focus this thesis mainly on the application of antifragility and resilience in the
context of an organisation. See section 1.9.1 (Why the focus on organisation systems?).
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1.3. Why a thesis about antifragility? 3

1.3 Why a thesis about antifragility?

Taleb introduced the term antifragile as the concept of gaining from disorder (Taleb, 2012).
His publication of the concept of antifragile sparked the creation of many blog articles and
books on this topic1.

I present in this thesis a model of system attributes that are relevant for being resilient
or to become antifragile. The list of attributes is limited to what is available in the existing
Body of Knowledge. This model is an Extended Antifragile Attribute List (EAAL). The EEAL
model is a synthesis (summary) of the available Body of Knowledge to date (2019). I do not
prove nor do I claim that these attributes will lead to the specified type of resilience. The
EAAL model is just a little step in bringing people together towards a shared mental model
in this very interesting a new field of science.

Nassim Nicholas Taleb wrote down his journey towards antifragility in three books in
the period 2001-2012. These books are titled: "Fooled by Randomness", "The Black Swan"
and "Antifragile" (fig. 1.1) (Taleb, 2001, 2007, 2012).

By coincidence I read these books each in the year they were published and they have
had a big impact on my personal journey into science and into the topic of a shared model of
reality (Appendix A, Appendix - Why Antifragile - My personal why). This also motivates
me highly to write my thesis on the topic of antifragility.

FIGURE 1.1: Fooled by Randomness, Black Swan and Antifragile by Nassim
Nicholas Taleb. Images retrieved from Goodreads.com.

1.3.1 Fooled by Randomness, Taleb 2001

In "Fooled by Randomness" Taleb tells us that reality is more a collection of random events
then the logical outcome of a predictable chain of events (Taleb, 2001).

That it is difficult to predict the future and that most things just happen is something that
has been stated by many other writers (Tversky and Kahneman, 1974; Mintzberg, 1994b;
Augusto Wrede and Simari, 2001; Governatori and Terenziani, 2007; Makridakis et al., 2009;
Makridakis and Taleb, 2009b; Makridakis and Taleb, 2009a; Dietz et al., 2013; O’Neil, 2016;
Dietz, 2017; Hoogervorst, 2017).

See also sections 1.7 (Introduction into Risk Management), 2.6 (Randomness), 2.6.2 (What
is chaos?), 2.9 (VUCA). and 3.1.2 (Taleb and Enterprise Engineering).

The conclusion of Taleb is: if we capture reality in a simplified representation (a model),
we cannot use this model to predict what is going to happen; We tend to overestimate caus-
ality and view the world as more explainable than it really is.

1https://gitlab.com/edzob/antifragile-research/wikis/Antifragility-Literature-Research
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4 Chapter 1. Introduction

1.3.2 The Black Swan, Taleb 2007

The story continues with his book "The Black Swan" (Taleb, 2007). Here Taleb states that
every model that we create is limited by our observations. Based on these (limited) observa-
tions we tend to translate the outcome of correlation analyses into a model that we use as a
model that states causality (Taleb, 2007). The limitations of the usage of models are not new
and argued by many other experts (Hoogervorst, 2017; Ciborra, 2004). See also section 2.6.6
(We are limited by observation).

Models are fragile

Taleb combines in his book "The Black Swan" the content of his previous book "Fooled by
Randomness" in concluding that it is (almost) impossible to create a model that contains
causal relations. It is impossible to predict what is going to happen not only on the fact
that the information obtained through observation is never complete (1), but also since the
behaviour in itself cannot be predicted (2).

An example of this unpredictability is that the combination of two deterministic systems
can lead to a non-deterministic system. See also section 2.6.5 (Example of a simple chaotic
system).

The result of these two factors is that the model of reality, for example, a financial model,
will only function in the context of very strict (theoretical) conditions. Since reality will
create events that were not taken into account during the creation and testing of the model,
the model is fragile to reality.

Something that is not foreseen in the design of a model and that will have a disruptive
effect is called a ’black swan’ (Taleb, 2007).

1.3.3 Antifragile, Taleb 2012

Taleb did not provide a solution to the black swan problem in his book "The Black Swan"
(2007). In 2012 Taleb states that the only way for a System-of-Systems to survive a black
swan event is by being antifragile (Taleb, 2012).

Antifragile is the word he introduced as the opposite of fragile and is in therefore in the
literature also written as anti-fragile. See also section 1.5 (Introduction into Antifragility).

Taleb’s definition of antifragile is difficult to implement

In the book "Antifragile" Taleb provides a few principles (or attributes) that are mandatory
for a system to be antifragile. Taleb provides per principle many examples, but to change a
system a comprehensive set of principles that have a clear relation to each other is needed.
This is not provided.

These principles have proven to be difficult to translate into action within in a specific
domain. An example is the principle of "no naive intervention". This is a statement that
inspires many but is not easily translated into the design of a business or IT solution.

1.3.4 The relevance of antifragility to the Master of Enterprise Architec-
ture and Engineering

When I was introduced into Enterprise Engineering (EE) I immediately noticed the over-
lap with the way-of-thought of Taleb. The first overlap is the idea that models based on
observations do not provide insight in the reason why things happen.

Second, both EE and Antifragility state that providing employees with more freedom
makes an organisation more resilient against the stress events (Hoogervorst, 2015).

See also section 2.3 (Organisation Design), 2.7 (Requisite Variety), 2.8 (What is a stressor?)
and 3.1 (The replication challenge).

Third, there is an overlap with the discipline of Enterprise Architecture (EA, section 2.12)
& Enterprise Engineering (section 2.11) on design. EA and EA concern the design of organ-
isations and define organisations as a System-of-Systems. Antifragility covers the design of
System-of-Systems. Therefore, Antifragility is relevant to the discipline of Enterprise Archi-
tecture and Enterprise Engineering.
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1.3.5 The goal(s) of this thesis

I have the following three goals with this thesis.

1. Provide, in the form of a model, a summary of the attributes that a system should have,
when it wants to evolve from a robust to an antifragile system.

The limitation here is that this model is purely based on the available literature on
antifragility.

2. Provide validation of the model by experts to prove that there are no inconsistencies
or red-flags in the model.

The limitation here is that this model does not intend to be complete since this is im-
possible. My aim is that this model can function as a shared mental model for antifrag-
ile experts. Therefore, the experts consulted include various experts.

One of the experts provided a lecture on Normalised Organisations at the Antwerp
Management School and is daily involved in implementing Holacracy at various cli-
ents.

Another one of the experts is someone who daily works with and educates in design-
ing antifragile IT systems. He started in January 2020 his PhD in Software Engineering
and complex systems at the Open University (UK). He has also written papers on anti-
fragile software design (O’Reilly, 2019, 2020).

3. Provide validation of the possibility to apply this model to an organisation.

The limitation of this validation is that experiments with antifragile organisations that
need to be set up from scratch are too complex and time-consuming to be part of this
thesis. This validation of application is done with various business leaders. The goal is
not to prove that these attributes will lead to a more resilient and antifragile organisa-
tion. The goal is a bit humbler. The validation by the business leadership only states
that the language and way-of-thought of the model make sense to them and that they
think that they can translate the model into actions.
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1.4 There are no clear definitions on which there is consensus

The field of antifragility is young since it started with the book Antifragile by Taleb in 2012.
Furthermore, antifragile overlaps with concepts from the domain of Complexity Science.
The domain of Complexity Science is a field where it is more common to describe con-
cepts than it is to provide crystal clear definitions on which is consensus achieved. I noticed
that definitions of concepts used in the field of antifragility are not discrete and that writers
mostly are describing concepts.

1.4.1 Consequences of having no clear definitions

The consequence of this is that I am not able to define every attribute precisely. I am also not
able to logically prove that the same words in different papers have the same meaning, or
that different words have the same meaning. This has an impact on the rigour and replica-
tion of my research. When reading into the topic of rigour I also found various definitions.

The shortcoming I mentioned has an effect on the rigour of the logic component. Since
the lack of the (complete) definition of words limits formulating reasoning in a way that
resembles discrete logic.

1.4.2 Mitigation to having no clear definitions

I mitigate this shortcoming in determinism in three ways with the aim to maintain rigour
in the research. These three ways are inspired by open science2, open science framework
(OSF3) and reproducible research4.

Firstly, by providing extra literature and context information around the various termin-
ology and concepts used in the antifragile literature. When using literature, I try to include
the specific page I am referring to.

Secondly, by thoroughly documenting my steps. This is done in two ways. On a data
level using versioning in GitLab for my thesis and versioning in Google Documents for
my presentations. See also section 3.6 (Applied research tooling and infrastructure). On a
functional level, this is done by including the steps of reasoning in this thesis. An example of
this documenting is including the binary decision tree, which is used to sort the antifragile
attributes collected from the literature. See section 4.3.6 (The Decision tree). This decision
tree limits the creative process that leads to the EAAL model. This does not remove the
creative process completely but provides clear discussion points in the reasoning on the
sorting of attributes.

Thirdly, by limiting the scope of the expert validation step. I ask various experts if the
usage of the attributes in the context of the model did not lead to something that is fun-
damentally wrong. I do not ask them if the EAAL model is correct. I do not ask them if
the EAAL model is complete. I can only ask them if the EAAL model does not have an
inconsistency or has a fundamental flaw.

2https://en.wikipedia.org/wiki/Open_science (Wikipedia contributors - B, 2020c)
3https://vickysteeves.gitlab.io/repro-papers/open-science-reproducible-research.html
4https://ropensci.github.io/reproducibility-guide/sections/introduction/
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1.5 Introduction into Antifragility

1.5.1 Definition of fragile, robust and antifragile

A stressor is defined as a stimulus that causes stress (Merriam Webster, 2020j). Fragile is
the concept of losing value from exposure to stressors. Antifragile is the antithesis of fra-
gile. Antifragile is the concept of gaining value from exposure to stressors. The concept of
stressors having no effect on the value is called robust (Taleb, 2012, p. 18). Fragile, robust
and antifragile form together a triad (Taleb, 2012, p. 34; Gorgeon, 2015, p. 3; Hole, 2016, p. 7;
Ghasemi and Alizadeh, 2017, p. 22; Kennon et al., 2015).

See figure 1.2 and 1.3 for a visualisation of the triad.

1.5.2 Behaviour of fragile, robust and antifragile

Concave is having an outline or surface that curves inwards like the interior of a circle or
sphere (Merriam Webster, 2020a). Convex is having an outline or surface curved like the
exterior of a circle or sphere (Merriam Webster, 2020c).

Fragile systems behave concave to stress (see figure 1.2). Antifragile systems behave
convex to stress (see figure 1.2). Robust systems are ignorant in value as response to volatility
and stressors (see figure 1.2) (Taleb, 2007, p. 317; Taleb, 2012, p. 288; Ghasemi and Alizadeh,
2017, p. 24; Derbyshire and Wright, 2014, p. 219; Johnson and Gheorghe, 2013, p. 163).

System-of-Systems (SoS) is defined by ISO 21839:2019 as a ‘set of systems or system ele-
ments that interact to provide a unique capability that none of the constituent systems can
accomplish on its own’ (SEBoK et al., 2019; IEEE, 2019). For a system to be antifragile it
needs a fragile and robust part (Taleb, 2012). This implies that an antifragile system is a
System-of-Systems.

FIGURE 1.2: Fragile, antifragile and robust system behaviour to stress.

c©CC BY-SA 4.0 – Version: v1.0 20200514 Edzo A. BOTJES – https://gitlab.com/edzob/antifragile-research

https://gitlab.com/edzob/antifragile-research


8 Chapter 1. Introduction

1.6 Introduction into Resilience

1.6.1 Resilience has no clear definition

Resilience can be defined as ‘the capability of a strained body to recover its size and shape
after deformation caused especially by compressive stress’ (Merriam Webster, 2020i).

There are various (literature) studies stating that there is no clear definition of resilience
available (Müller et al., 2013; Martin-Breen and Anderies, 2011; Passos et al., 2018; Henriks-
son et al., 2016, p. 31; Kastner, 2017, section I.2.1).

The definitions of resilience and robust are varied and overlap (Johnson and Gheorghe,
2013, p. 161; Kennon et al., 2015, p. 178; Gorgeon, 2015, p. 4).

The definitions of resilient and antifragile are various and overlap (Henriksson et al.,
2016; Kastner, 2017).

Sources state that resilience is the evolution of a system from a robust system into an
antifragile system (Taleb, 2012, p. 17; De Florio, 2014, p. 838; Aven, 2015, p. 477; Ghasemi
and Alizadeh, 2017, p. 23; Passos et al., 2018, p. 7).

1.6.2 A definition of resilience is needed to define antifragile

I found that the definitions of antifragile itself are also varied. This is the reason that a
replication study of antifragility did not seem possible to me. With this thesis I want to help
organisations to become more antifragile, therefore I have to define what antifragility is.

Since the literature is inter-mixing (overlapping) definitions of resilience and antifragility,
I need to select a definition of resilience. The selection of one definition will make it possible
to determine which elements in the current Body of Knowledge addresses resilience and
which elements address antifragility.

1.6.3 Resilience definition

I follow Kastner (2017) in adopting the definition of resilience by Martin-Breen and Anderies
(2011).

Resilience is between robust and antifragile

Martin-Breen and Anderies (2011) place resilience in between robust and antifragile (see
figure 1.3).

FIGURE 1.3: Triad of fragile, robust and antifragile.
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1.6. Introduction into Resilience 9

Resilience goes beyond robust but stops before being antifragile

Resilience is about recovering from stressors and returning to the normal (robust) state (see
figure 1.4).

FIGURE 1.4: Resilience is about absorbing and recovering.

There are three (sub-)types of resilience (Kastner, 2017, sec. I.2.2; Martin-Breen and An-
deries, 2011, p. 5).

1. Engineering Resilience or ’Common Sense’ resilience.
The goal is to prevent disruption and changes. The goal is to bounce back to the fixed
function/basis (Kastner, 2017; Martin-Breen and Anderies, 2011; Holling, 1996). Meas-
urable by the following three characteristics: resistance, elasticity and stability (Martin-
Breen and Anderies, 2011, p. 43).

The function and construction of the system stay the same over time.

2. Systems Resilience (or Robustness in economics).
The system has the capacity to absorb disturbance and reorganise while undergoing
changes. While doing this still retain essentially the same function, structure, identity,
and feedback, where ’essential’ is defined as ‘something functional and not identical’
(Walker et al., 2004, p. 5; Martin-Breen and Anderies, 2011, p. 6-7). The system is
able to withstand the impact of any interruption and recuperate while resuming its
operations / fixed functions (Santos, 2012, p. 2).

The function of the systems stays the same over time. The construction of the system
may change.

3. Resilience of Complex Adaptive Systems (CAS).
The system is able to become more resilient and to generate new system relationships
by reorganisation (Martin-Breen and Anderies, 2011; Kastner, 2017). Function is main-
tained, but system structure may change (Martin-Breen and Anderies, 2011). This res-
ults in the system to being as dynamic as the world around them, resulting in a system
that is constantly evolving (Kastner, 2017).

The function of the system may change over time, and the construction of the system
may change over time.

1.6.4 Engineering and Systems Resilience are about absorbing stressors

Kastner (2017) argues that the first two types of resilience are applicable to centralised or-
ganisations and that resilience is about absorbing the stressors.
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10 Chapter 1. Introduction

FIGURE 1.5: Resilience type 1, 2 and 3.

Engineering Resilience mainly absorbs the stressors by applying a fine-grained design
and/or a strict command & control structure.

Systems Resilience applies layers of systems to absorb the stressors. An example of this
is backup systems or decentralised systems like applied in the design of the internet (Passos
et al., 2018, p. 8).

1.6.5 CAS Resilience is about the amplification of emergence

The dynamical changing of the structure and the function of the system is emergent beha-
viour which is an essential part of CAS resilience (type 3) (Martin-Breen and Anderies, 2011;
Kastner, 2017). CAS resilience is about creating more diversity in the organisation. A ques-
tion that Kastner (2017) and Taleb (2012) ask themselves is: How far can an organisation
change its function and construction and still be the same organisation as before the change
(Kastner, 2017, p. I.2.5)?

1.6.6 Resilience definition summarised

Resilience can be summarised as: Resilience is the behaviour of a system expressed in the
value over time after a stressor event. The three types of resilience are represented in figure
1.6.

1. Engineering Resilience is the behaviour of a system where the function and the con-
struction of the system stays the same over time.

2. Systems Resilience is the behaviour of the system where the function of the systems
stays the same over time, the construction of the system may change.

3. Complex Adaptive Systems Resilience is the behaviour of the system where the func-
tion of the system may change and the construction of the system may change over
time.

FIGURE 1.6: Fragile, antifragile and robust system behaviour to stress. Resi-
lience behaviour to time.
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1.7 Introduction into Risk Management

The survival of a system is dependent on the predictability of the course of the system in-
side its environment and the predictability of the environment so that risk can be managed
(Gorgeon, 2015). Stressors that harm a system are able to ultimately break a system (Taleb,
2012; Taleb and Douady, 2013; Gorgeon, 2015). Since risk management is about the identific-
ation, evaluation, and prioritisation of risks the topic of stressors, resilience and antifragility
are relevant for risk management (Hutchins, 2018; Aven, 2015; Wikipedia contributors - B,
2019o).

1.7.1 Risk Management - Design for survival

The triad (fragile, robust and antifragile) is relevant in the design for the survival of a system
since fragility is, in essence, the sensitivity of a system of a given risk measure to an error
(Taleb and Douady, 2013, p. 7).

Risk management aims to minimise, monitor, and control the probability or impact of
unfortunate events or to maximise the realisation of opportunities (Hutchins, 2018; Wikipe-
dia contributors - B, 2019o). This is why risk management is closely linked to the topics of
resilience and antifragility.

1.7.2 Risk Management - Moving away from fragile and robust

Fragility is the reason to apply risk management in an organisation.
Risk management is as a discipline moving away from the minimisation of unfortunate

events and effects. It is moving towards the maximisation of the realisation of opportunities.
The minimisation of unfortunate events can be found in robust, engineering resilience and
systems resilience.

The implicit goal has shifted from designing (predictable) robust organisations to the
need for designing resilience and antifragility organisations (Hutchins, 2018). This since a
robust organisation requires planning and it showed that strategic planning is not successful
(Mintzberg, 1994b,a; Derbyshire and Wright, 2014; Hoogervorst, 2017).

1.7.3 Risk Management - Moving towards antifragility

The maximisation of the realisation of opportunities can be found in Complex Adaptive
Systems resilience and antifragility.

Risk management also ‘includes to improve the understating of risk by identifying sig-
nals and warnings and acknowledging uncertainties and the importance of knowledge’
(Aven, 2015, p. 480). The definition of risk management is further explored in section 2.5
(Risk Management).

1.7.4 Uncertainty in a volatile and complex world

Most, if not all, organisations operate in a context which is described as Volatile, Uncer-
tain, Complex and Ambiguous (VUCA) (Bennett and Lemoine, 2014b,a; Mack et al., 2015;
Hutchins, 2018; Wikipedia contributors - B, 2019t).

“We live in a ... VUCA time. ... In terms of ISO 31000:20185 and ISO 9001:20156,
the concept of ’uncertainty’ is integrated throughout the standards.“
- (Hutchins, 2018, chapter 1)

“We’re entering a period of heightened volatility for leading companies across a
range of industries, with the next ten years shaping up to be the most potentially
turbulent in modern history.“
- (Anthony et al., 2016, p. 3).

5https://en.wikipedia.org/wiki/ISO_31000 (Wikipedia contributors - B, 2020a)
6https://en.wikipedia.org/wiki/ISO_9000 (Wikipedia contributors - B, 2020b)
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The uncertainties that (Aven, 2015, p. 480) names are part of a larger domain of stressors
which is called the ‘disorder cluster’ also known as VUCA (Taleb, 2012, p. 436; Gorgeon,
2015, p. 3).

Black swans (or X-events) are defined as stressor events in the VUCA domain that have
a disruptive impact on a fragile and robust system and are non-predictable (Taleb, 2007;
Bennett and McGinnis, 2008; Taleb, 2012, p. 18; Casti, 2012; Johnson and Gheorghe, 2013;
Taleb and Douady, 2013 Aven, 2015, p. 479; Hole, 2016, p. 14; Ghasemi and Alizadeh, 2017,
p. 23).

1.7.5 Antifragility is mandatory to stay relevant in a VUCA world

By learning from the past and by being a resilient organisation it is possible to extend the
period of being relevant as an organisation.

“After all, we can’t know for sure what the future holds. But companies can
adapt to change by launching new growth ventures that move them beyond their
historic core business. Our work shows that the companies that continually find
ways to reinvent themselves are the ones that control their own destiny.“
- (Anthony et al., 2016, p. 8).

Taleb reasons that an antifragile system is mandatory to survive a black swan event and
therefore is mandatory to stay relevant in a VUCA world (Taleb, 2012). Antifragile systems
have a positive sensitivity for disorder (Taleb and Douady, 2013, p. 1).

1.7.6 Antifragility provides design guidelines for Risk Management

An enterprise is an intentionally created Complex Adaptive System (CAS) consisting of co-
operating human beings with a certain social purpose, whereby it is impossible to determine
the ultimate (operational) reality of the enterprise down to the minute details (Dietz et al.,
2013, p. 93-94). A CAS7 is a type of a non-linear dynamical system in the field of Complexity
Science and Systems Engineering (Lansing, 2003).

In the scope of organisations, antifragile plays a role in the domain of organisation design
and in the sub-domain of risk management (Aven, 2011, 2012; Scholz et al., 2012; Aven, 2015;
Hutchins, 2018).

1.7.7 Organisations, Resilience, Antifragile and System-of-Systems

Sometimes I wonder if it is better to rephrase ‘antifragile is the antithesis of fragile‘ into
‘antifragile behaviour is the antithesis of fragile behaviour of a system‘. Since an antifragile
system needs to have a fragile part of the system that creates the hurt that enables the system
as a whole to react on to get stronger.

For example, in the case of our immune system. First cells need to die and the host needs
to get (a little bit) sick to develop immunity to the disease.

An antifragile system needs to have a fragile sub-system

It also can be reasoned that when there is a fragile sub-system, there also needs to be a robust
sub-system. When the body of Hydra dies when one head is chopped off, then Hydra as a
whole is as fragile as the head. The same for a body that is getting sick. When the disease
leads to immediate death then the body as a whole is fragile.

An antifragile system needs to have a robust sub-system

Martin-Breen and Anderies (2011) state that a system in the scope of resilience is seen as a
System-of-Systems. Hutchins (2018) states that a system in the scope of Risk Management
is seen as a System-of-Systems. Dietz et al. (2013) state that an organisation is a Complex-
Adaptive-System. A Complex-Adaptive-System is a System-of-Systems.

7https://en.wikipedia.org/wiki/Complex_adaptive_system, (Wikipedia contributors - A, 2019i)
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1.8 Examples of the application of antifragility

1.8.1 Summary of the Body of Knowledge on antifragility

In section 3.4 the Literature review concerning antifragility is addressed. The summary of
that section is that there are not that many real-life examples of the designed antifragile
systems. The examples above in section 1.8.3 (Examples of implementation of antifragility)
are the most vivid and recent. Most books and papers discuss possible applications and/or
retrospective questionnaires on factors that have had a possible impact.

1.8.2 Examples by Taleb

Taleb provides examples of antifragile systems from the domain of old Greek mythology
(Taleb, 2012). Hydra8 is a creature with numerous heads. When one head is cut off, then two
grow back. Harming Hydra would make it stronger. Phoenix9 is a bird that is born again by
rising from its own ashes.

Taleb states that the Phoenix is an example of a robust system and Hydra is an example
of an antifragile system. Taleb states that the human immune system is an example of an
antifragile system (Taleb, 2012).

1.8.3 Examples of implementation of antifragility

The following examples are referred to in the context of resilient systems and that of anti-
fragile systems.

1. Holacracy is based on work from Robertson in 2007 and published in the book Holo-
cracy in 2015 (Robertson, 2015; Wikipedia contributors - A, 2019r). This method is
referred to as a way to create an antifragile organisation.

2. Zwieback wrote a book on DevOps as a way to implement an antifragile organisation
(Zwieback, 2014). The reasoning is that DevOps organisations embrace "Fail fast, fail
often" to become stronger (Hole, 2016).

3. The tool Chaos Monkey has been invented in 2011 by Netflix to test and evolve the
resilience of its IT infrastructure (Wikipedia contributors - A, 2019h). This tool is part
of the discipline of Chaos Engineering (Netflix, 2011; Chaos-Community, 2018; Tseitlin,
2013; Shelly et al., 2015; Hole, 2016; Wikipedia contributors - A, 2019g).

4. An approach to creating Antifragile software architecture is written by O’Reilly (2019)
and provides a set of steps that enables the design of antifragile software solutions.
The course on this approach is provided in Europe to various software engineers.

1.8.4 Live an antifragile life

“. . . anything that has more upside than downside from random events (or certain shocks) is
antifragile . . . the reverse is fragile.“ - (Taleb, 2012, p. 5).

This leads us to the philosophical principle to live an antifragile life: “The purpose of life
is to enjoy every moment.“ (figure 1.7).

FIGURE 1.7: Antifragile Wisdom from tea.

8https://en.wikipedia.org/wiki/Lernaean_Hydra (Wikipedia contributors - B, 2019d)
9https://en.wikipedia.org/wiki/Phoenix_(mythology) (Wikipedia contributors - B, 2019i)
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1.9 Problem Statement & Research question

1.9.1 Why the focus on organisation systems?

Since we are living in a VUCA world antifragile (IT) systems and organisations have never
been more relevant. This also includes the design of antifragile systems.

As a response to deal with this VUCA reality organisations are focusing on implementing
an agile way of working (Gorgeon, 2015; Kastner, 2017). Introducing an agile way of work-
ing into an organisation changes the fabric of the organisation (Janssen, 2015, 81, 110-115;
Proper and Lankhorst, 2014, 12,15; Ambler, 2009). Since the agile way of working is about
decentralised autonomous teams Beck et al. (2001), most organisations do not have the en-
terprise architecture and the enterprise governance to support decentralised autonomous
teams. Most organisation do not have a strategy that supports decentralised autonomous
teams. This is relevant since resilience and antifragile prescribe decoupling of systems.

The challenge of organisations, that consist of decentralised autonomous teams, is that
the bottom-up strategy leads to it not being clear what the added value of initiatives are
(Op’t Land et al., 2008). A way to deal with this challenge is to make strategy of the organ-
isation unambiguous, measurable, relevant and actionable (Op’t Land et al., 2008).

1.9.2 Finding a research question

Iteration 0

My original goal of this research was to combine the existing literature and literature re-
search on: (1) the definition of fragile, (2) the definition of robust, (3) the definition of anti-
fragile, (4) the definition of an antifragile system, (5) the definition of an antifragile organ-
isation and (6) the definition of the value that antifragility adds to an organisation.

To answer the following research question:

“Can we prove that antifragility, as it is defined by Taleb, can be applied with valuable
effect to an Enterprise? “

The conclusion is that this is not possible.
There is no clear definition in the literature on what the attributes are of an antifragile

system. There is no quantitative or qualitative research on the topic of antifragility, not for
the context of organisation as in the context of (information) systems. There is no clear
definition of resilience.

1.9.3 Final research questions

Iteration 1

The lack of a clear definition of antifragility created the need for a new research question.
I concluded that first it should be clear if antifragile is relevant for an organisation. Only
when this question is answered positive then it would make sense to find common ground
on what defines an antifragile system.

This reasoning resulted in the following research questions:

Can leaders determine if their organisation must be resilient or antifragile?

When applicable, does the “resilient ór antifragile model” support the leadership in de-
termining what change is needed to achieve a resilient or antifragile organisation?
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2 Theoretical background

Introduction

Part of scientific research is to make the (applied) theoretical framework explicit. My theo-
retical framework is the context for my reasoning and the (applied) research.

The process of creating my theoretical framework follows the following (iterative) steps:
(1) Findings of many studies; (2) Understanding Relationships; (3) Theory; (4) Theoretical
Framework (Chumney Phd, 2016). See figure 2.1.

The theoretical framework is composed out of two parts. First, there is the theoretical
background that is relevant for the topic antifragile. This is the content of this chapter. The
theoretical background from this chapter is used in the construction of the Conceptual model
in chapter 4.

Second, there is the relevant literature selected to create the conceptual model. The lit-
erature strategy is part of the Methodology in chapter 3. The selected literature is part of
chapter 4 (Conceptual model).

FIGURE 2.1: Process of creating a theoretical framework.

The theories that are part of the theoretical background are being discussed in the fol-
lowing sections:

2.1 System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.2 Organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.3 Organisation Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.4 Learning Organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2.5 Risk Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.6 Randomness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
2.7 Requisite Variety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.8 What is a stressor? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.9 VUCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
2.10 The Cynefin Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
2.11 Enterprise Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
2.12 Enterprise Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
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2.1 System

I start with defining what a system is, since a system is a more abstract definition then the
definition of an organisation (Hoogervorst, 2017, p. 210). The following consensus exists on
the four characteristics of a system provided by Janssen (2015) on page 13.

1. Composition
The system consists of various elements.

2. Structure
The elements in the system affect each other.

3. Production
The system generates good or services.

4. Environment
There is a clear boundary between the system and the environment

2.2 Organisation

I originally aimed to find a model describing how to create an antifragile organisation. The
aim of this research is to keep my original goal in mind, so that the result of my research
written in this thesis can be applied to organisations.

An organisation is a specialisation of a system. Hoogervorst (2017) and Daft et al. (2010)
state that there are four characteristics that define an organisation.

1. Organisations are Social Entities.

2. Organisations are Purposeful and goal-directed.

3. Organisations are Intentionally designed as systems of activity.

4. Organisations are Linked to the external environment.

2.2.1 Description of what an organisation is

Dietz et al. (2013) describe on page 94 an organisation which is in line with the previously
provided characteristics:

“An enterprise is an intentionally created cooperative of human beings with a
certain societal purpose.“
- (Dietz et al., 2013, p. 94)

Hoogervorst (2017) expands on page 8 the description of Dietz et al. (2013) with the
following description:

“The purpose and function express that enterprises aim to fulfil or address cer-
tain (perceived) wants and needs of (certain) societal member of society at large
by delivering products and/or services.“
- (Hoogervorst, 2017, p. 8).

In my view, this last description is most in line with what Taleb is portraying as an or-
ganisation, since it describes an organisation as a social construct to deliver products and/or
services.
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2.3 Organisation Design

When an organisation is purposeful, and it is intentionally designed then the organisation
design plays an important role (Hoogervorst, 2017, p. 8; Dietz et al., 2013, p. 94; Daft et al.,
2010). A valuable extension to the description of an Organisation (2.2) is therefore a descrip-
tion of the main functions within an organisation. An organisation consists of three main
functions that should be addressed in the design of the organisation (Janssen, 2015, p. 48).

1. Governance

2. Run (Execution)

3. Change (Implementation & Improvement)

2.3.1 Organisations are in non-stop change from the outside

It can be argued that the run and change are one and the same. Since organisations are
operating in a context that is changing highly frequent (Hutchins, 2018). Making sense of
the high frequent changing context is very difficult, resulting in changed interpretations,
which result in an even higher change frequency for the organisation.

In section 2.9 (VUCA) I address the volatility, uncertainty, complexity and ambiguity
(VUCA) of the current world. In section 2.10 (The Cynefin Framework) I will introduce the
Cynefin framework by Dave Snowden. The Cynefin framework can be used to make sense
of the context per sub-system of the organisation.

2.3.2 Organisations are in non-stop change from within

Change in the organisational context is from the inside also non-stop, since people within
the organisation change non-stop (Hoogervorst, 2017; Hutchins, 2018).

In section 1.7 (Introduction into Risk Management) I addressed the challenges for organ-
isation design in the domain of Risk Management.

2.3.3 Reductionistic approach versus a holistic approach

There are various ways to look at the world. A classical dissection of ways to look at the
world is one of reductionistic versus holistic.

Reductionism is ‘any of several related philosophical ideas regarding the associations
between phenomena which can be described in terms of other simpler or more fundamental
phenomena‘ (Wikipedia contributors - B, 2020d).

The holistic view is ‘the idea that various systems . . . should be viewed as wholes, not
merely as a collection of parts‘ (Wikipedia contributors - C, 2020k).

In business management the approach by Taylor (Scientific Management1) is an example
of a reductionistic approach to look at the management (and design) of an organisation. See
figure 2.2 for a visualisation of the two approaches.

FIGURE 2.2: Reductionistic and Holistic approach.

1https://en.wikipedia.org/wiki/Scientific_management (Wikipedia contributors - B, 2019q)
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2.3.4 Organisation design should not be done in a reductionist approach

It can be questioned if the holistic approach or the reductionistic approach is best in the
effort of designing an organisation. There is a large set of literature that argues that the
reductionistic approach is not the best approach for designing an organisation (Makridakis
et al., 2009; Hoogervorst, 2017; Dietz et al., 2013; Janssen, 2015; Dahlberg, 2015; Taleb, 2012).

2.3.5 Change hurts the reductionist designed system

Systems have a tendency to be fragile (Johnson and Gheorghe, 2013, p. 162). IT systems
are fragile (Lehman, 1980; Taleb, 2012, p. 55; Dahlberg, 2015, p. 17 ). Organisms are anti-
fragile (Taleb, 2012, p. 55). This leads to the conclusion that using scientific management
(reductionism) to design organisation leads to fragile organisations (Dahlberg, 2015, p. 11).

That non-stop change leads to fragility is also something Lehman (1980) stated, in the
context of software, long before the concept of antifragility.

“As an evolving program is continually changed, its complexity, reflecting de-
teriorating structure, increases unless work is done to maintain or reduce it.“
- (Lehman, 1996, 1980)

Taleb (2012) states also what Lehman stated and put this in context with how nature is
reacting on change.

“. . . machines are harmed by low-level stressors (material fatigue), organisms are
harmed by the absence of low-level stressors (hormesis) . . . “
- (Taleb, 2012, p. 55)

Dahlberg (2015) rephrases the words of Taleb (2012) in such a way the application is
clearer to us, or at least to me.

“While the mechanical needs continuous repair and maintenance, dislikes ran-
domness, and ages with use, the organic is self-healing, loves randomness (in the
form of small variations), and ages with disuse.“
- (Dahlberg, 2015, p. 17; Taleb, 2012, p.59)

2.3.6 The reductionist approach to a complex system

An organisation is a specific type of a Complex Adaptive System (Dietz, 2012, p. 11, 93-94).
Dahlberg (2015) conclusion is that a reductionistic approach to a complex system will be
without fruit.

“The reductionist approach to a complex system will never bear fruit. Likewise,
traditional command and control-style management approaches are impossible
to implement in the complex domain.“
- (Dahlberg, 2015, p. 11)

Therefore, reductionistic approach to an organisation will be without fruit.

“Enterprises are complex adaptive systems whereby it is impossible to determine
the ultimate (operational) reality of the enterprise down to the minute details.“
- (Dietz et al., 2013, p. 93)

The field of Enterprise Engineering, underwrites the relevance of finding a way to deal
with chaos, complexity and non-stop change. This for me is an extra reason that this research
is relevant for the field of Enterprise Engineering.

2.3.7 Enterprise Engineering, antifragility and the black swan

The relevance of the research on antifragility goes beyond the theme of non-stop change and
unpredictability. The field of Enterprise Engineering also defines the importance of dealing
with black swans (X-events).
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“This type of learning acknowledges the non-planned, emerging character of
many enterprise developments (Hoogervorst, 2009). Hence, employee involve-
ment and participation are essential for addressing enterprise dynamics, com-
plexity, and uncertainty. Enterprise change, hence redesign, is thus fuelled by
enterprise learning. As Weick (2001) observes, redesign is a continuous activity
whereby the responsibility for (re)design is dispersed and rests with enterprise
members who are coping with the ‘unexpected’.”
- (Dietz et al., 2013, p. 91)

Black swans are the reason Taleb (2012) introduced antifragility. Both Enterprise Engi-
neering and antifragility recognise black swans as something that is ‘unexpected‘.

Antifragile states that change by a black swan (X-event) are unpredictable. Run and
change should be designed in such a way that the unpredictable change is supported. This
needs a (new and) fitting governance paradigm. The field of antifragility is a great addition
to the field of Enterprise Engineering on how to design a system that can survive black swan
events.
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2.3.8 Reductionistic design is being replaced by holistic design

The same reasoning that reductionistic design of organisations is not the way to go, is also
found in a recent report of McKinsey & Company. This report is based on a survey and
expert input.

In this report the agile organisation is re-framed as an antifragile organisation (Aghina
et al., 2017). See figure 2.3 for a representation that should address issues business leaders
face and are relevant in the decision on how to design the organisation.

FIGURE 2.3: The agile organisation is dawning as the new dominant organ-
isational paradigm by Aghina et al. (2017).

McKinsey identified, based on a survey and expert input, five trademarks of agile (anti-
fragile) organisations. See figure 2.4 for these five trademarks.

I find it interesting that they added technology as trademark to the list. I placed the
analysis of this report by McKinsey out of scope of this thesis because of timing constraints.
I do like to include it briefly here because it shows that the topic of my thesis and the outcome
of it is relevant to the current business leaders.
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FIGURE 2.4: There are five trademarks of agile organisations by Aghina et al.
(2017).
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2.4 Learning Organisation

To deal with non-stop change it is essential to non-stop learn (Dietz et al., 2013, p. 91). In this
section I will reason that learning needs communication, no naivety and includes enriching
your organisational language based on good and bad experiences. At the end I will present
the selected framework for a learning organisation. Anthony et al. (2016) and Dietz et al.
(2013) showed that (1) adapting to the market (the environment) and (2) non-stop learning
is key to survive as a company

“This type of learning acknowledges the non-planned, emerging character of
many enterprise developments (Hoogervorst, 2009). Hence, employee involve-
ment and participation are essential for addressing enterprise dynamics, com-
plexity, and uncertainty. Enterprise change, hence redesign, is thus fuelled by
enterprise learning. As Weick (2001) observes, redesign is a continuous activity
whereby the responsibility for (re)design is dispersed and rests with enterprise
members who are coping with the ‘unexpected’.”
- (Dietz et al., 2013, p. 91)

2.4.1 Learning needs communication

The above-mentioned employee involvement and participation needs cooperation. Cooper-
ation between people is made possible by communication (Janssen, 2015, p. 15).

Communication is an important part in the design and operation of an organisation. The
definitions of fragile, robust and antifragile in the context of organisations pivot around the
reaction on input from the outside the organisation by the organisation.

Communication is needed to learn and to adapt, therefore communication plays a large
role in becoming resilient and antifragile. Communication is not only important for learning
from the things that went good (monotonicity). Non-Monotonicity is learning from bad
experiences. Communication is therefore also related to non-monotonicity.

2.4.2 Non-Monotonicity is learning from bad experiences

In various papers on antifragile the term non-monotonicity is being used. Monotonicity is a
term used in the context of electrical engineering, learning and logic. Monotonicity can be
summarised as: discriminate the input and only learn from improvements. Thus, exclude
negative input from the learning process.

Learning in the context of antifragility can be summarised as the increase of the variety
in the language that is being used (Ghaderi et al., 2016; Helbing and Kirman, 2013; Lange
and Zeugmann, 1991; Voorspoels et al., 2015). Non-Monotonicity is thus about not only
learning from the good experiences but also learning from the bad experiences resulting in
the increase of variety of the language in the organisation.

Learning from mistakes can be an effective defence against stressors. Mistakes and fail-
ures can lead to new information. As new information becomes available it defeats previous
thinking, which can result in new practices and approaches (Augusto Wrede and Simari,
2001; Nute, 2003; Governatori and Terenziani, 2007). In this way stressors cause the system
to improve (Johnson and Gheorghe, 2013; Ghasemi and Alizadeh, 2017).

Learning from negative consequences induced by stressors can lead to new information.
New information can result in improved practices and approaches. Stressors, when learned
from, can thus cause a system to improve (Kennon et al., 2015; Ghasemi and Alizadeh, 2017;
Jackson and Ferris, 2013).

2.4.3 Remove naive intervention to learn

Senge (1990) states that reacting on what happens can only be successful if the reaction is not
based on a ‘linear–direct–relation between cause and effect‘ (Janssen, 2015, p. 14). Taleb also
supports this when talking about the reaction on stressors and the role of randomness in the
context of stressors (Taleb, 2001, 2007, 2012). Taleb argues that systems are (almost) never
linear-systems due to complexity, chaos and randomness, see also section 2.6 (Randomness).
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Taleb argues to remove the ‘naive intervention‘ since this is the manifestation of reasoning
linear where it is not applicable (Taleb, 2012). Taleb promotes trusting on the instinct and
behaviour that individuals or group of individuals have learned over time above the ‘naive
intervention‘ based on a linear and reductionistic view on the situation.

2.4.4 Learning organisation is relevant for antifragility

The learning organisation is a way to create a resilient organisation which let organisations
cope with unknown and unpredictable events. Aven (2015) provides evidence (concerning
leakages in the oil & gas industry) that resilient behaviour is needed to deal with unpredict-
able events.

Aven provided evidence that evolution from fragile to resilient is possible. Taleb supports
that data can be used to prove this. Fragility and antifragility of the same system can be
measured since these are properties of the current object (Taleb, 2012; Starossek et al., 2011;
Aven, 2015, p. 477). Taleb also states that fragility of two systems can easily be compared
(Aven, 2015, p. 477; Taleb, 2012, p. 22).

This can be combined into stating that an antifragile organisation can be the result of
a fragile organisation, since an organisation can evolve from fragile to a resilient organisa-
tion and antifragile has overlap with the CAS resilient (type 3) organisation. Therefore, the
learning organisation is of fundamental importance for an organisation to become resilient
or even antifragile.

2.4.5 How to achieve a Learning Organisation

There are numerous ways to define what is needed in a learning organisation. Flood (1999)
provides the following overview of frameworks for learning organisation.

1. Senge’s2 - 5th discipline3

(Senge, 1990)

2. Bertalanffy’s4 - Open systems theory5

(Von Bertalanffy, 1972)

3. Beer’s6 - Organisational cybernetics7

also known as Viable Systems Method8 (VSM)
(Beer, 1974, 1979, 1981, 1985, 1989)

4. Ackoff’s9 - Interactive planning10

(Askoff, 1981; Ackoff, 1997, 2001)

5. Checkland’s11 - Soft systems approach12

(Checkland, 1989)

6. Churchman’s13 - Critical systemic thinking
(Churchman, 1968, 1979, 1982)

Senge (1990) is used in several papers on antifragility (Jaaron and Backhouse, 2014a,b;
Kennon et al., 2015; Nurmi et al., 2019; Maveau, 2017; van Eijnatten, 2004; van Eijnatten and
Putnik, 2004). Senge (1990) is also used in the context of systems approach (Nurmi et al.,
2019; Meadows and Wright, 2008; Kok and van den Heuvel, 2018; Hoogervorst, 2017).

2https://en.wikipedia.org/wiki/Peter_Senge (Wikipedia contributors - B, 2019h)
3https://en.wikipedia.org/wiki/The_Fifth_Discipline (Wikipedia contributors - B, 2019a)
4https://en.wikipedia.org/wiki/Ludwig_von_Bertalanffy (Wikipedia contributors - C, 2020r)
5https://en.wikipedia.org/wiki/Open_system_(systems_theory) (Wikipedia contributors - C, 2020t)
6https://en.wikipedia.org/wiki/Stafford_Beer (Wikipedia contributors - C, 2020y)
7https://en.wikipedia.org/wiki/Management_cybernetics (Wikipedia contributors - C, 2020s)
8https://en.wikipedia.org/wiki/Viable_system_model (Wikipedia contributors - C, 2020z)
9https://en.wikipedia.org/wiki/Russell_L._Ackoff (Wikipedia contributors - B, 2019p)

10https://en.wikipedia.org/wiki/Interactive_planning (Wikipedia contributors - C, 2020m)
11https://en.wikipedia.org/wiki/Peter_Checkland (Wikipedia contributors - C, 2020v)
12https://en.wikipedia.org/wiki/Soft_systems_methodology (Wikipedia contributors - B, 2019r)
13https://en.wikipedia.org/wiki/C._West_Churchman (Wikipedia contributors - C, 2020c)
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This is the reason I choose to use the 5th discipline of Senge as the framework to capture
the system attributes from the selected literature that address the learning organisation.

Senge (1990) identifies five disciplines that form together the learning organisation (Senge,
1990, p. 9-13).

1. Personal mastery

2. Shared mental models

3. Building shared vision

4. Team learning

5. Systems thinking
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2.5 Risk Management

ISO 31000 (Enterprise Risk Management) describes Risk Management as:

“(Risk management is the) identification, assessment, and prioritisation of risks
(effect of uncertainty on objectives, whether positive or negative) followed by
effective and economic application of resources to minimise, monitor, control,
and assure the probability and/or consequence of negative events or to maximise
opportunities.“ - (Hutchins, 2018; Wikipedia contributors - B, 2019o).

2.5.1 Risk Management is about uncertainty

Risk Management is evolving to acknowledging uncertainty (Aven, 2015). The lack of meth-
ods to deal with ‘surprise‘ events has been identified by Derbyshire and Wright (2014).

Aven (2015) and Makridakis et al. (2009) add to the description by Hutchins (2018) that
Risk Management is not about models predicting the future, but is about creating a system
that is resilient in regard to events.

“The risk management has a special focus on situations that could lead to acci-
dents. Surely, there is risk present, and the challenge is to manage this in the
best way. This also includes to improve the understating of risk by identifying
signals and warnings and acknowledging uncertainties and the importance of
knowledge.“
- (Aven, 2015, p. 5, 480)

Makridakis et al. (2009) provides a long list that argues that risk cannot be managed by
models:

“A huge body of empirical evidence has led to the following conclusions.

• The future is never exactly like the past. This means that the extrapolation
of past patterns or relationships cannot provide accurate predictions.

• Statistically sophisticated, or complex, models fit past data well but do not
necessarily predict the future accurately.

• “Simple” models do not necessarily fit past data well but predict the future
better than complex or sophisticated statistical models.

• Both statistical models and human judgement have been unable to capture
the full extent of future uncertainty. People who have relied on these meth-
ods have been surprised by large forecasting errors and events they did not
consider.

• Expert judgement is typically inferior to simple statistical models.

• Forecasts made by experts are no more accurate than those of knowledge-
able individuals.

• Averaging the predictions of several individuals usually improves forecast-
ing accuracy.

• Averaging the forecasts of two or more models improves accuracy while
also reducing the variance of forecasting errors.“

- (Makridakis et al., 2009)

2.5.2 Risk Management and fragility

Taleb and Douady (2013) state that sensitivity to risk is the same fragility:

“In essence, fragility is the sensitivity of a given risk measure to an error in the
estimation of the (possibly one-sided) deviation parameter of a distribution, es-
pecially due to the fact that the risk measure involves parts of the distribution –
tails – that are away from the portion used for estimation.”
- (Taleb and Douady, 2013, p. 7)
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2.5.3 Risk Management and Risk Reduction

Derbyshire and Wright (2014) describe a variety of methods that organisations apply to re-
duce risk. This summary inspired me into starting to search for a pattern in the available
literature on antifragility.

These methods for risk reduction are (excluding the antifragile methods) :

1. “Controlling the dispersion of outcomes

2. Hormesis14

3. Redundancy15, 16

4. Small-scale experimentation (trial and error)“

- (Derbyshire and Wright, 2014)

2.5.4 Hormesis

Hormesis is a not so commonly used term, therefore here two descriptions of this term.

“a theoretical phenomenon of dose-response relationships in which something
(as a heavy metal or ionizing radiation) that produces harmful biological effects
at moderate to high doses may produce beneficial effects at low doses“
- (Merriam Webster, 2020e)

“Hormesis is a term used by toxicologists to refer to a biphasic dose response
to an environmental agent characterised by a low dose stimulation or benefi-
cial effect and a high dose inhibitory or toxic effect. In the fields of biology and
medicine hormesis is defined as an adaptive response of cells and organisms to
a moderate (usually intermittent) stress.“ - (Mattson, 2008)

2.5.5 Risk Management - Predicting risks is hard

Gorgeon (2015) summarised which factors make the prediction and identification of risk
difficult. See also section 2.6.6 (We are limited by observation).

1. “The future is never exactly like the past.

2. Statistical models work well if the assumptions about the probability distri-
butions are correct.

3. We have very often little or no knowledge about the nature of the distribu-
tions of events that can affect systems, positively or negatively.

4. Research has shown extensively that decision makers use heuristics to cope
with the complexities of estimating probabilities (Tversky and Kahneman,
1974). While these heuristics often ease the decision process, they also have
been shown to systematically bias judgement (O’Neil, 2016).“

- (Gorgeon, 2015, p. 6)

2.5.6 Risk Management - Predicting the future is hard

Humans are not able to predict the future, or at least it is proven that we are not good in
predicting the future (Mintzberg, 1994b; Augusto Wrede and Simari, 2001; Governatori and
Terenziani, 2007; Makridakis et al., 2009; Makridakis and Taleb, 2009b; Makridakis and Taleb,
2009a; Taleb, 2012, p. 17; Ghasemi and Alizadeh, 2017, p. 22; Hoogervorst, 2017).

Even if humans could predict the future, then this prediction should be of high quality
to have a significance since a small deviation in the environment has a large (concave) effect
on the fragile system (Gorgeon, 2015; Taleb and Douady, 2013; Taleb, 2007, 2012). See also
section 2.6.5 (Example of a simple chaotic system).

14https://en.wikipedia.org/wiki/Hormesis (Wikipedia contributors - C, 2020l)
15https://en.wikipedia.org/wiki/Redundancy_(engineering) (Wikipedia contributors - B, 2019l)
16https://www.merriam-webster.com/dictionary/redundancy (Merriam Webster, 2020g)
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2.5.7 Risk Management - Predicting the future is impossible

Reality is a collection of hyper-connected graphs of which the behaviour is random and
therefore is inherently unpredictable (Taleb, 2001; Pineda et al., 2018; Kim et al., 2019). Real-
ity is a complex adaptive System-of-Systems showing a non-linear behaviour (Dietz et al.,
2013, p. 93).

An increasing part of our reality is becoming unpredictable since the number of layers of
the hyper-connected graph are increasing. The increase of the number of layers is caused by
for example digital transformation. Digital transformation removes the physical boundaries
the are limiting the connections between objects and systems in the analogue world. The
number of edges and vertices in the graphs are also increasing by for example the digital
communication. A simple example of this is the network of connected IoT-devices.

The laws of Metcalfe17 (Metcalfe, 2013) and Moore18 (Waldrop, 2016) enforce the world
becoming completely digital and hyper-connected. The unstoppable increase of the number
of layers and the number of vertices of the hyper-connected graph that is our reality result
that our reality is and stays fundamental unpredictable. This calls for organisations and IT
systems that can operate and adapt within this reality.

17https://en.wikipedia.org/wiki/Metcalfe’_s_law (Wikipedia contributors - B, 2019e)
18https://en.wikipedia.org/wiki/Moore’s_law (Wikipedia contributors - B, 2019g)

c©CC BY-SA 4.0 – Version: v1.0 20200514 Edzo A. BOTJES – https://gitlab.com/edzob/antifragile-research

https://en.wikipedia.org/wiki/Metcalfe'_s_law
https://en.wikipedia.org/wiki/Moore's_law
https://gitlab.com/edzob/antifragile-research


28 Chapter 2. Theoretical background

2.6 Randomness

2.6.1 Two types of randomness

Derbyshire and Wright (2014) states that there are two types of randomness:

1. ‘epistemological randomness‘ or ‘deterministic chaos‘
It is impossible to know everything and therefore it is impossible to predict the future.

“Uncertainty results from the inadequacy of the procedures we use to uncover cause,
which can have limited efficacy, even ex-post.“
- (Derbyshire and Wright, 2014, p. 216)

2. ‘ontological randomness’ or ‘true randomness‘
The change in the now is no guarantee on a certain outcome.

“A particular combination of factors may result in one outcome on one occasion and a
completely different outcome on another“
- (Derbyshire and Wright, 2014, p. 216)

Both type of randomness can be called chaos or chaotic.

2.6.2 What is chaos?

Chaos is a word often used when things get complicated. Edward Lorenz19, recognised as
one of the founders and pioneers of the chaos theory20, describes chaos as: ‘When the present
determines the future, but the approximate present does not approximately determine the
future.‘

Dave Snowden as founder of the Cynefin framework, which contains Chaos and Com-
plexity, defines chaos as ‘Cause and effect are unclear‘ (Kurtz and Snowden, 2003).

I can summarise chaos theory and the Cynefin framework on chaos as that chaos is the
situation where there is a lack of information and therefore lack of predictability. This lack of
information can be compensated with more information and/or more knowledge, but there
is a limit to the expansion of information and knowledge.

2.6.3 Exponential effect is a non-linear effect

Sometimes small deviations in the input have exponential effect on the output. When there
is a combination of various systems with this behaviour the combination of systems quickly
exceeds the human understanding. The weather prediction21 is an example of this. The
weather forecast in the near future has a higher predictability then the weather forecast for
over a few days. The exponential growth created by the non-linear complex systems makes
it very hard to predict the weather in the future.

2.6.4 The universe is unpredictable by nature

There is recent research that indicates that chaos (unpredictability) is also part of physics
(quantum mechanics) (Bera et al., 2017). This implies that there is not only a limit on the
information and knowledge of the observer, but also a root-cause in unpredictability.

2.6.5 Example of a simple chaotic system

Chaos and unpredictability are not exclusively relevant for large systems (weather forecast-
ing) or small systems (quantum mechanics). It is possible to create a small wooden toy that
shows chaotic behaviour.

19https://en.wikipedia.org/wiki/Edward_Norton_Lorenz (Wikipedia contributors - C, 2020f)
20https://en.wikipedia.org/wiki/Chaos_theory (Wikipedia contributors - C, 2020d)
21https://www.knmi.nl/kennis-en-datacentrum/achtergrond/over-de-weer-en-klimaatpluim-en-expertpluim
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A double pendulum is a simple system that exhibits rich dynamic behaviour with a
strong sensitivity to initial conditions (Wikipedia contributors - A, 2019n). A double pen-
dulum is constructed from two deterministic systems. An example of a double pendulum22

is a pole standing straight up, with at the end an axis connected to the end of a beam (1). At
the end of this beam (1) another smaller beam (2) is connected through an axis (see figure
2.5). The rotation speed of a beam (wing) can be predicted in a model. The connection of
the two wings results in the amplification of minimal variations in the construction and the
state.

For example, a small burr on the axis that connects the two wings, or a minimal deviation
of the initial energy put into the motion. This concave effect of minimal input results in a
movement that cannot be predicted and therefore can be called chaotic. Reality is more
complex than a double pendulum. The butterfly effect is a famous way of creating awareness
of the complexity and chaos of our reality. See figure 2.5 for the double pendulum and the
butterfly effect.

I personally use this example often when talking with other architects. We as architects
tend to forget the behavioural effect that can occur when we let various systems react on
each other in an automated way. An example of this is software behind the High Frequency
Trading23 and Algorithmic Trading24.

FIGURE 2.5: Schematic view of a double pendulum and butterfly effect.

22https://www.youtube.com/results?search_query=double+pendulum+chaos
23https://en.wikipedia.org/wiki/High-frequency_trading (Wikipedia contributors - C, 2020j)
24https://en.wikipedia.org/wiki/Algorithmic_trading (Wikipedia contributors - C, 2020a)
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2.6.6 We are limited by observation

One of the great ideas in the eastern and western philosophy is that we are observing a re-
flection of the reality. In the western philosophy this is communicated in concepts as Plato’s
cave25,26 and "Dinge für mich" of Kant27,28.

That reality is a reflection seen through a lens, implies that there is a light source that is
casting shadows and light, and that there is a lens trough the light and shadows reach the
observer.

2.6.7 Light creating reflections

The reflection in the cave of Plato is created by a fire. In the Demoscene29, a popular way
of simulating fire is by generating random pixels with random colours30. The concept of a
random generator as the source of the light that provides reflections of our reality is a nice
concept to think about. Since all the events in our world are resembling random events, this
might imply that we are all observing reality though a random light source.

2.6.8 Our personal lens

Where the reflection of reality (our observation) is limited by our personal lens, it is also
limited by the view-model we create of the world. This has two reasons.

First the view-model is limited by the language in which we create it. Gödel31 proved
with his incompleteness theorems that every language is not complete therefore limited
(Hofstadter, 2000). An example of this is that you as a human cannot describe what you
do not yet know, and that you don’t know what you don’t know. Therefore, asking someone
to specify the needs delivers an incomplete answer since the answer is limited to the ima-
gination and experience of this specific human (Gladwell, 2004).

The second reason that the view-model limits our view of the world is that the model
often defines how the world is to be interpreted (translated). An example of this is the
interface of a car lease company. When the IT system states that the car is outfitted with
tires suitable for the winter, the experience is that it is difficult to convince the operator
of the software that the physical car is outfitted with tires suitable for the summer. The
information and the logic materialised in the IT system defines the view on reality of the
human operating the software.

The view-model materialised in the IT system is limiting the description of the physical
reality. This will result in situations described as ‘Computer Says No’32 and in situations
where actions are limited by the options the model (rules) provide us (Hoogervorst, 2017;
Ciborra, 2004).

2.6.9 We have inherently flawed observations of the reality

Therefore, the reflection of the world is not only limited by the random events that provide
light (observations), but also limited by the lenses have by experience, social constructs, and
IT systems.

25https://plato.stanford.edu/entries/plato-myths (Partenie, 2009)
26https://plato.stanford.edu/entries/plato-metaphysics (Silverman, 2003)
27https://plato.stanford.edu/entries/kant
28https://thegreatthinkers.org/kant/introduction
29https://en.wikipedia.org/wiki/Demoscene (Wikipedia contributors - A, 2019l)
30https://lodev.org/cgtutor/fire.html
31https://en.wikipedia.org/wiki/Godel’s_incompleteness_theorems (Wikipedia contributors - A, 2019q)
32https://en.wikipedia.org/wiki/Computer_says_no (Wikipedia contributors - A, 2019j)
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2.7 Requisite Variety

Terms that are often used interchangeable are chaos, entropy and variety. In the previous
section I addressed chaos. In this section I address variety and entropy.

Requisite33 Variety34 is named as a system attribute of an antifragile system in various
papers on antifragility (Ghasemi and Alizadeh, 2017; Kennon et al., 2015; Johnson and Ghe-
orghe, 2013). Requisite Variety is a law first introduced by Ashby (1958) but in the context
of Enterprise Engineering the application of Requisite Variety by Beer (1979) is often used.
Therefore, in this section both Ashby and Beer will be used.

2.7.1 Variety is relative

The term ’variety’ was introduced by Ashby to denote the count of the total number of states
of a system (Ashby, 1956, 1958; Wikipedia contributors - B, 2020e).

The observer and his powers of discrimination have a great role to play when addressing
variety and may have to be specified if the variety is to be well defined (Wikipedia contrib-
utors - B, 2020e). Ashby and Beer both state the following on the role of the observer:

“Variety: Given a set of elements, its variety is the number of elements that can be
distinguished. . . . If two observers differ in the distinctions they can make, then
they will differ in their estimates of the variety.”
- (Ashby, 1958, p. 1)

“(Variety is) the number of possible states of whatever it is whose complexity we
want measure.“
- (Beer, 1979, p. 32)

In my own words I would say that variety is subjective.

2.7.2 Variety is more primitive than entropy

As stated before, some people see variety and entropy as interchangeable. Ashby states that
the law of requisite variety makes use of concepts more primitive than those used by entropy
(Ashby, 1958).

In statistical mechanics, the entropy of a system is described as a measure of how many
different microstates there are that could give rise to the macrostate that the system is in. The
entropy S is the natural logarithm (ln) of the number of microstates (Ω), multiplied by the
Boltzmann constant kB. This formula is also known as the Ludwig Boltzmann equation35:
S = kB ln Ω (Wikipedia contributors - C, 2020g).

2.7.3 Law of Requisite Variety

Ashby and Beer stated the Law of Requisite Variety as ‘variety can destroy variety‘ (Ashby,
1956, p. 207) and ‘variety absorbs variety‘ (Beer, 1979, p. 286).

Since the language used by Ashby and Beer is a bit difficult to apply, the following defin-
ition is a bit more easy to understand: ’If a system is to be stable, the number of states of its
control mechanism must be greater than or equal to the number of states in the system being
controlled‘ (Heylighen and Joslyn, 2001; Wikipedia contributors - B, 2020e).

2.7.4 The original and elaborate Law of Requisite Variety

The original and elaborate definition of the law of Requisite Variety is provided by Ashby
(1956) as below, and I want to add this to give a nice complete view on the origin of the law
of Requisite Variety:

33https://www.merriam-webster.com/dictionary/requisite (Merriam Webster, 2020h)
34https://www.merriam-webster.com/dictionary/variety (Merriam Webster, 2020k)
35Trivia fact: Boltzmanss’s equation (S = kLogW) is carved on his gravestone
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“ . . . simply suppose that we are watching two players, R and D, who are en-
gaged in a game. . . . Let VD be the variety of D, VR that of R, and VO that of the
outcome (all measured logarithmically). . . . If VD is given and fixed, VD – VR can
be lessened only by a corresponding increase in VR. Thus the variety in the out-
comes, if minimal, can be decreased further only by a corresponding increase in
that of R. . . . This is the law of Requisite Variety. To put it more picturesquely:
only variety in R can force down the variety due to D; variety can destroy vari-
ety. . . . The law of Requisite Variety says that R’s capacity as a regulator cannot
exceed R’s capacity as a channel of communication. ”
- (Ashby, 1956, p. 202, 206-207, 211)

2.7.5 Variety Engineering

In the papers that state that Requisite Variety is part of the system attributes of an antifragile
system, it is not very clear to me how Requisite Variety is seen in the context of those papers
(Ghasemi and Alizadeh, 2017; Kennon et al., 2015; Johnson and Gheorghe, 2013).

Ghasemi and Alizadeh (2017) and Kennon et al. (2015) state that ‘When the number of
regulators is inadequate, the behaviour of the system cannot be anticipated precisely and
black swan events emerge. Thus the more regulators, the greater antifragility‘. Stating the
same as Hoogervorst (2015) that more variety is essential for a system (or organisation) to
deal with the world.

Interesting is that Johnson and Gheorghe (2013) states that the lack of variety in a system-
of-systems (SoS) if fixed (or compensated) by the emergent behaviour of the system itself.

“. . . As the actual variety becomes less than the required or requisite variety of
the SoS, regulators are not able to obtain and exchange the requisite information
to control the behaviour in the SoS, and the system becomes emergent . . . “
- (Johnson and Gheorghe, 2013).

During the research into antifragility it became clear to me that most design principles
and/or system attributes defined can be categorised in two types: Attenuate Variety and
Amplify Variety. These terms are part of the work on cybernetics of Ashby and Beer.

Attenuate Variety is the concept of reducing the variety in a system. The absorption of
change in the context of systems is called attenuate variety or variety reduction.

Amplifying Variety is the concept of increasing the Variety in a system. Amplifying
Variety is about increasing the chance of a higher entropy and therefore being more capable
to absorb variety increase caused by change. Emergence leads to variety amplification.

2.8 What is a stressor?

Almost all if not all papers on antifragility and resilience use the term stressor for an event
from outside the system, that causes stress. Below is a very nice description of what a stressor
is provided by Turner et al. (2003) found in Chrousos (2009).

“When systems are performing effectively, they are in a predetermined condition
and conversely when they are not functioning correctly, they are in an uninten-
ded state. An unintended condition can be known or unknown. Stressors are
forces that threaten to transfer a system from an intended to an unintended con-
dition.
- (Turner et al., 2003; Chrousos, 2009).
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2.9 VUCA

VUCA stands for Volatile, Uncertain, Complex and Ambiguous. The term VUCA was first
used in 1987, drawing on the leadership theories of Warren Bennis and Burt Nanus (Wiki-
pedia contributors - B, 2019t). The usage of the term evolved from usage at U.S. Army War
College to usage in strategic leadership in various organisations. This term is used by ISO
31000 (Hutchins, 2018) to describe the current world. This term is coined as synonym for the
disorder cluster of stressors that are used by Taleb (Taleb, 2012, p. 436; Gorgeon, 2015, p. 3).
See section 1.7.4 (Uncertainty in a volatile and complex world).

The definition of VUCA in table 2.1 combines the observation with the action (Bennett
and Lemoine, 2014b,a).

TABLE 2.1: VUCA abbreviation - (Bennett and Lemoine, 2014b,a).

Volatile
What it is How to effectively address it
“The challenge is unexpected or unstable
and may be of unknown duration, but it’s
not necessarily hard to understand; know-
ledge about it is often available.“, “change
is frequent and sometimes unpredictable.“

“Agility is key to coping with volatility. Re-
sources should be aggressively directed to-
ward building slack and creating the poten-
tial for future flexibility.“

Uncertain
What it is How to effectively address it
“Despite a lack of other information, the
event’s basic cause and effect are known.
Change is possible but not a given.“, “but
it is unknown if an event will create signi-
ficant change.“

“Information is critical to reducing uncer-
tainty. Firms should move beyond exist-
ing information sources to both gather new
data and consider it from new perspect-
ives.“

Complex
What it is How to effectively address it
“The situation has many interconnected
parts and variables. Some information
is available or can be predicted, but the
volume or nature of it can be overwhelm-
ing to process.“, “not necessarily involving
change.“

“Restructuring internal company opera-
tions to match the external complexity is
the most effective and efficient way to ad-
dress it. Firms should attempt to ‘match’
their own operations and processes to mir-
ror environmental complexities.“

Ambiguous
What it is How to effectively address it
“Casual relationships are completely un-
clear. No precedents exist; you face “un-
known unknowns.”“, “A lack of know-
ledge as to ‘the basic rules of the game’;
cause and effect are not understood and
there is no precedent for making predic-
tions as to what to expect.“

“Experimentation is necessary for reducing
ambiguity. Only through intelligent experi-
mentation can firm leaders determine what
strategies are and are not beneficial in situ-
ations where the former rules of business
no longer apply.“
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2.10 The Cynefin Framework

The agile transformation of an organisation is often explained with help of the Cynefin
framework (Kurtz and Snowden, 2003). The Cynefin framework is inspired by work of
Ralph D. Stacey (IBM) (Stacey, 2001). The Cynefin framework is created as a tool to be a
’sense-making device’ for managers. The Cynefin framework describes five domains: (1)
Simple (Obvious / Clear), (2) Complicated, (3) Complex, (4) Chaotic and (5) Disorder (Con-
fusion).

Each domain has its own dynamic of which managers should be aware. In table 2.2 the
Cynefin domains defined and provided with the appropriate advice how to act accordingly
(Wikipedia contributors - A, 2019k).

TABLE 2.2: Cynefin domains defined - (Wikipedia contributors - A, 2019k).

Simple (Obvious / Clear)
Known Knowns

This means that there are rules in place (or best practice), the situation is stable, and the
relationship between cause and effect is clear.
The advice is to: "sense–categorize–respond"

Complicated
Known Unknowns

The relationship between cause and effect requires analysis or expertise; there are a
range of right answers. Here it is possible to work rationally toward a decision but doing

so requires refined judgment and expertise.
The advice is to: "sense–analyse–respond"

Complex
Unknown Unknowns

Cause and effect can only be deduced in retrospect, and there are no right answers.
"impervious to a reductionist, take-it-apart-and-see-how-it-works approach, because
your very actions change the situation in unpredictable ways." - Thomas A. Stewart

The advice is to: "probe–sense–respond"
Chaotic

Cause and Effect are unclear
Events in this domain are "too confusing to wait for a knowledge-based response" -

Patrick Lambe. The first and only way to respond appropriately is action.
The advice is to: "act–sense–respond"

Disorder (Confusion)
There is no clarity about which of the other domains apply.

"Here, multiple perspectives jostle for prominence, factional leaders argue with one
another, and cacophony rules" - Snowden and Boone.

The advice is to: break the situation down in to pieces that apply each to one of the other
domains.

2.10.1 Antifragile and resilience in the Cynefin framework

Resilience and agile are a way of working that fits the domain of ‘Complex‘ and ‘Chaotic‘. In
the domain of ‘Complicated‘ and ‘Simple‘ planning and reductionism work best. In the do-
main of ‘Complex‘, ‘Complex Adaptive Systems (CAS) resilience works best. In the domain
of ‘Chaotic‘, antifragile will work best. See figure 2.6.

2.10.2 The Learning Organisation and the Cynefin framework

The domain ‘Disorder‘ is applicable when there is no clarity about which of the other do-
mains apply. The domains are not measurable or absolute domains. In this thesis resilience
and agility will be used as (part of) the transition from robust to antifragile. The definition of
the domains is tightly bound to the understanding of the domain. This implies that learning
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as a person or as an organisation has influence on the positioning in the domain and there-
fore influence on which action is to be taken. This line of reasoning has similarities with the
descriptions of chaos and of variety.

Variety and the Cynefin framework

Cynefin interlinks with the application of higher variety in the organisation that Hooger-
vorst (2015) describes in the Enterprise Engineering theory Sigma. An organisation in the
state of order, has a lower variety than an organisation in disorder. By reducing the variety
of an organisation, the emergence (innovation and creativity) is also reduced. Hoogervorst
(2015) states that increasing the (internal) variety improves the capability of an organisa-
tion to cope with the variety of the outside world. Hasan and Kazlauskas (2014) provide an
example of this.

“Once the telco corporatised and indoctrinated the smaller company’s personnel
and practice into its bureaucratic culture, their innovation and creativity disap-
peared. We suggest that if the telco wanted to support the innovation and cre-
ativity they thought that they had acquired, they should have allowed the group
flexible and self-directed arrangements more suited to unorder and complexity.
Cynefin provides a framework within which to do this.“
- (Hasan and Kazlauskas, 2014)

Chaos domain is inevitable

As mentioned in section 2.5.7 (Risk Management - Predicting the future is impossible). When
the hyper-connected graphs that is our world is growing in size and connections, then
‘Chaos‘ and ‘Complexity‘ as defined by Kurtz and Snowden (2003) in the ‘Cynefin frame-
work’ are inevitable to become a larger part of the reality we occupy. The VUCA’ness of our
reality will keep increasing.

Considering this I come to the following conclusions/advice:

• Embrace the chaos in all what we do.

• Add tools, methods to our toolbox that can be utilised in the domain of ‘Chaos‘ and
‘Complexity‘.

The goal of the model(s) presented in this thesis is to add tools to our toolbox for us to
use in the ‘Chaos‘ and ‘Complex‘ domain.

FIGURE 2.6: Cynefin Framework by cognitive-edge by Bailie (2011).
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2.11 Enterprise Engineering

The discipline of Enterprise Engineering can best be described by one of the founders of this
discipline.

“Enterprise engineering is a new, holistic approach to address enterprise changes,
of all sizes and in all kinds of enterprises. Because of its holistic, systemic, ap-
proach, it resembles systems engineering (Sage, 1992; Stevens et al., 1998). But
it differs from it in an important aspect: enterprise engineering aims to do for
enterprises (which are basically conceived as social systems) what systems engi-
neering aims to do for technical systems.“
- (Dietz et al., 2013, p. 92)

2.11.1 Fundamentals of Enterprise Engineering

Enterprise engineering consists out of the following fundamentals (Dietz et al., 2013) that
are part of a larger context (see figure 2.7):

1. Strict distinction between function and construction

2. Focus on essential transactions and actors

3. Rigorous distinction between design and implementation

4. Diligent application of design principles

5. Distributed operational responsibility

6. Distributed governance responsibility

7. Human-centred and knowledgeable management

FIGURE 2.7: EE generic goals and fundamentals in the classification scheme
by Dietz et al. (2013) p. 103.
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2.11.2 Antifragility and Enterprise Engineering

Antifragility and Enterprise Engineering have many overlapping views on the world.
A few examples are:

1. The concepts of function and construction (EE Fundamentals 1) are also used in the
definition of resilience types: Engineering resilience, Systems resilience and Complex
Adaptive Systems (CAS) resilience.
See section 1.6 (Introduction into Resilience).

2. Antifragile and Enterprise Engineering both address the design of organisations in the
Complex Adaptive Systems (CAS) domain.
See section 1.7 (Introduction into Risk Management).

3. Antifragile and Enterprise Engineering both state that organisations are in non-stop
change.
See section 2.3.1 (Organisations are in non-stop change from the outside).

4. Antifragile and Enterprise Engineering both address the existence and relevance of
black swans or X-events.
See section 2.3.7 (Enterprise Engineering, antifragility and the black swan).

5. Antifragile and Enterprise Engineering both address that reality is not to be under-
stood by observation.
See section 3.1.2 (Taleb and Enterprise Engineering).

6. Antifragile and Enterprise Engineering both state that operational responsibility and
governance responsibility should be distributed (EE Fundamentals 5 and 7).

7. Antifragile and Enterprise Engineering both are human-centred (EE fundamentals 7).

8. Antifragile and Enterprise Engineering both address knowledgeable management (EE
fundamentals 7). Taleb denounces management, by stating that ‘naive interventions‘
should be prevented. Taleb states that management usually is not knowledgeable and
therefore does more bad then good (Taleb, 2012).
See section 2.4.3 (Remove naive intervention to learn).

9. Antifragile and Enterprise Engineering both believe that increasing the variety of the
humans in the organisation is the best way to deal with the VUCA world (EE funda-
mentals 7) (Hoogervorst, 2015; Taleb, 2012).
See section 2.7 (Requisite Variety) and section 2.10.2 (Variety and the Cynefin frame-
work).
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2.12 Enterprise Architecture

Enterprise Architecture is the discipline that aims to provide insight in the relationship
between the parts of an organisation and managing the sense-making of the change in the
organisation. There are various descriptions of Enterprise Architecture. These are the three
main descriptions of Enterprise Architecture:

“The fundamental organisation of a system embodied in its components, their
relationships to each other, and to the environment, and the principles guiding its
design and evolution. “ - IEEE 1471:2000 (IEEE, 2000), ISO/ICE/IEEE 42010:2011
(ISO/IEC/IEEE, 2011)

“Architecture has two meanings depending upon its contextual usage: (1) A
formal description of a system, or a detailed plan of the system at component
level to guide its implementation. (2) The structure of components, their interre-
lationships, and the principles and guidelines governing their design and evolu-
tion over time.“ - (Haren, 2011, TOGAF 9.1)

“A concise set of principles and models that provide guidance to the design and
realisation of processes organisational change information and technical infra-
structure.“ - DYA (van den Berg et al., 2005)

2.12.1 Enterprise Architecture and antifragility

These three descriptions describe a set of models (etc) that provide value to the organisation.
These three views on Enterprise Architecture are not yet embracing the field of Systems
Theory. Where antifragility and Enterprise Engineering are embracing the field of Systems
Theory. Nurmi et al. (2019) provides a study on the use of Systems Theory in the field of
Enterprise Architecture and provides an alternative description of Enterprise Architecture
(EA) by Lapalme (2012) that would fit the domain of Systems theory better in my opinion.

“EA should be understood as being constituted of the essential elements of a
socio-technical organisation, their relationships to each other and to their chan-
ging environment as well as the principles of the organisation’s design and evol-
ution. Enterprise architecture management is the continuous practice of describ-
ing and updating the EA in order to understand complexity and manage change.“
- (Nurmi et al., 2019; Lapalme, 2012),
based upon ISO/ICE/IEEE 42010:2011 (ISO/IEC/IEEE, 2011)
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3 Methodology

Introduction

The goal of this chapter is to provide an overview of the reasoning behind the selection of
the research method, insight in the selected research method and the implementation of the
selected research method. At the end of this chapter I give a detailed overview of my re-
search infrastructure that I applied from the moment I started at the Antwerp Management
School in September 2018.

The content of this chapter is the following:
3.1 The replication challenge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.1.1 Antifragile and scientific models created by observations . . . . . . . . 40
3.1.2 Taleb and Enterprise Engineering . . . . . . . . . . . . . . . . . . . . . 40
3.1.3 Rethinking Economics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.1.4 Replication Crisis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.1.5 Black swans and scientific models . . . . . . . . . . . . . . . . . . . . . 40
3.1.6 Replicating antifragile research . . . . . . . . . . . . . . . . . . . . . . . 41
3.1.7 Maturity of the field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
3.1.8 Replication crisis and the relevance of this thesis . . . . . . . . . . . . . 42
3.1.9 Limitations of this study . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
3.1.10 Replication possibilities of this study . . . . . . . . . . . . . . . . . . . 42

3.2 A review of current methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.2.1 Observation, Induction, and Deduction . . . . . . . . . . . . . . . . . . 43
3.2.2 Research Design Decisions . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.2.3 Qualitative research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.2.4 Naturalistic research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.2.5 Qualitative Naturalistic research . . . . . . . . . . . . . . . . . . . . . . 44
3.2.6 Triangulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.2.7 Positivism and Naturlism . . . . . . . . . . . . . . . . . . . . . . . . . . 45
3.2.8 Post-positivist methodological . . . . . . . . . . . . . . . . . . . . . . . 45
3.2.9 Triangulation and Applied Science . . . . . . . . . . . . . . . . . . . . . 45

3.3 Applied research method for this thesis . . . . . . . . . . . . . . . . . . . . . . 46
3.3.1 Triangulation applied - validation and relevance . . . . . . . . . . . . . 46
3.3.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.3.3 Expert Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

3.4 Literature review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
3.4.1 Literature review approach . . . . . . . . . . . . . . . . . . . . . . . . . 47
3.4.2 Creating the overview of the Body of Knowledge . . . . . . . . . . . . 48
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3.1 The replication challenge

The following section describes the replication challenge. This topic is relevant for the top-
ics of antifragility and risk management. It also is relevant for the scope of my research
questions and the methodology applies.

3.1.1 Antifragile and scientific models created by observations

In the scientific world there is a discussion that overlaps with the point of view of Taleb
that he describes in his books Black Swan (Taleb, 2007) and Antifragile (Taleb, 2012). In this
section an introduction into this field, that can be summarised to the statement that models
cannot be used to predict and replicate outcome.

3.1.2 Taleb and Enterprise Engineering

Taleb states that every model created by humans based on observations is faulty on a funda-
mental level (Taleb, 2001, 2007, 2012). This is a premise that is also fundamental to the field
of Enterprise Engineering (Dietz et al., 2013; Dietz, 2017). The reasoning of Enterprise Engi-
neering. Enterprise Engineering reasons that observation is always subjective and therefore
representing a single instance of a personal view on reality (Hoogervorst, 2017). Enterprise
Engineering and the reasoning of Taleb are complementary to each other.

3.1.3 Rethinking Economics

In the scientific economical world, there is the movement called "Rethinking Economics". This
movement started in 1991 (Hodgson and Screpanti, 1991; Helbing and Kirman, 2013) This
movement states that all economical models that are being used are based on measurements
(quantitative science) and models based on these measurements and that this method is
flawed. The economic models are flawed because this approach lacks the involvement of
the human factor and the notion that not everything is rational and can be explained by
reductionism. The economic crisis of 2008 is one of the big arguments of this movement to
include qualitative (empirical) research into the field.

3.1.4 Replication Crisis

In the field of psychology there is the movement called "the replication crisis" (Hakhverdian,
2018; McRaney, 2017; Engber, 2016). Models in the more social sciences are based on qual-
itative (empirical) studies. In this area of science, the human factor is crucial in explaining
why things happen. Scientists tried to reproduce one of the pinnacle studies in the field
of psychology called the Ego experiment. Initial the replication of this study did not suc-
cess and when over 60 different group of researchers failed in replicating this research the
"replication crisis" became relevant for the whole field of social studies (Hagger et al., 2016).
This replication crisis is older and more generic then only the ego depletion study (Ioan-
nidis, 2005). The centre for open science facilitated a project with 270 scientists that sought
to replicate 100 different studies published in 2008. In the end two-thirds failed to replicate
(Holcombe, 2016; Open Science Collaboration et al., 2015).

3.1.5 Black swans and scientific models

Taleb argues in Black Swan (2007) that quantitative research only states about the data in the
data-set that is collected and states nothing about the reality. Taleb also argues in Antifragile
(2012) that qualitative research is very tricky since it states something on the current context
and the current context is non-stop changing and not comparable to the context of a different
situation.

It is apparent that Taleb is of the same thought-school as Karl Popper1 (Open Science
Collaboration et al., 2015; Veronesi, 2014).

1https://plato.stanford.edu/entries/popper (Thornton, 2019)
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“He (Karl Popper) saw falsifiability as the logical part and the cornerstone of his
scientific epistemology, which sets the limits of scientific inquiry. He proposed
that statements and theories that are not falsifiable are unscientific. Declaring an
unfalsifiable theory to be scientific would then be pseudoscience. “
- (Wikipedia contributors - B, 2019b)

The underpinning issue of the ‘replication crisis‘ and ‘rethinking economics‘ is that ob-
servations are based on the relation between the human and the artefact or other humans.
In addition, the scientific models are based on observations done by humans. This issue is
also fundamental in the origin of Enterprise Engineering (Dietz et al., 2013) and part of the
books written by J. Hoogervorst (Hoogervorst, 2015; Hoogervorst, 2017). It is the human
factor that makes replication of the effect described or prescribed in a model or method in
reality practically impossible.

“The problems experienced today are caused by ‘solutions‘ of the past. This has
to do with the dominant and incorrect idea that there is a linear–direct–relation
between cause and effect that are in close proximity of each other, in terms of
time and space. “
- (Senge, 1990; Janssen, 2015, p. 14).

3.1.6 Replicating antifragile research

The replication dilemma became also apparent when summarising the current Body of Know-
ledge on antifragile. I was in search of a model of an antifragile organisation to replicate.
This model was not found by me.

I think that there are two reasons for this: firstly, the field is very young, this can be
deducted from the fact that most papers discuss possible applications of antifragility.

Secondly, since the field is young there is not yet a clear shared mental model that en-
ables the creation of models that does prescribe how to become antifragile. Therefore, the
studies that interact with organisations are applying questionnaires with retrospective ques-
tions. This is a method that helps in determining terminology that is relevant in the research
context. This is a good thing and enabled me to create a summary of all the work done by
others.

3.1.7 Maturity of the field

Why do I call the current antifragile field "young"? Recker provides us with a checklist for
scientific work, that can be used to determine the maturity of the field (Recker, 2012, p. 16) .

1. Replicability

2. Falsification

3. Independence

4. Precision

Recker: Replicability

None of the research consists of research that can be replicated in such a way that it results
in an antifragile organisation. The studies that consists only out of reasoning, make use of
elements from the field of Complexity Science and therefore the reasoning can always be
challenged. The studies that applied interviews make use of a (small) set of companies (1
up to 5). Interviews are difficult to replicate since they are always limited to: (1) the person
that asks the question, (2) the subject that is being interviewed and (3) the system or context
of the subject. The studies do prove that it is possible to use language from the domain of
resilience and antifragility and relate that to the language that the subject is using to describe
the past in that specific context.
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Recker: Replicability & Falsification

Antifragile is part of the Complex Adaptive Systems domain. This makes it difficult to replic-
ate and falsify the research, since every situation is unique and complex. The only exception
is the Chaos Engineering software that Netflix provided (Wikipedia contributors - A, 2019g).
The concept of the simian army toolbox has been applied by various companies (Wikipedia
contributors - A, 2019h). I did not find any (meta) study on the results (value creation) in the
various companies that applied the chaos engineering concepts.

Recker: Precision

Every research makes use of a different list of antifragile attributes. See also section 4.1 (The
selected antifragile literature) and appendix F (Appendix - Antifragility descriptions in the
literature) This results in that the definition what the attributes of an antifragile system is far
from consistent and precise.

3.1.8 Replication crisis and the relevance of this thesis

If replication in the context of organisation design is (almost) impossible, what is the relev-
ance of this study? There are three options to contributed to science (Recker, 2012, p. 13-14).

1. Theory - How good are our explanations.
“We can improve our explanation of a particular phenomenon.“

2. Evidence - How good are our observations.
“We can improve our collections of scientific evidence.“

3. Measurements - How good are our measurements.
“We can better our methods for collecting observations in relation to theory.“

The next frog-leap in the theory domain can only be achieved when it is possible to find
some evidence that there is a correlation between one (or more) of the antifragile attributes
and the value of an organisation.

3.1.9 Limitations of this study

I did limit my research to the attributes of resilient and antifragile systems found in the
literature. I did not include an in-depth research on why these attributes have the effect they
have. I also did not include research on the construction of resilient or antifragile systems.
The model that I created based on the available research is nothing more than a summary
and a comprehensive model for a way-of-thinking.

3.1.10 Replication possibilities of this study

Steps to replicate this study

The steps in this research that created the model are easy to replicate. I think replication of
my research is possible since:

1. The literature list can be reproduced and expanded.

2. The normalisation of the collected attributes into the set of attributes that are part of
the model can be reproduced.

3. The clustering of the attributes based on the steps provided in the conceptual model
are discretionary and therefore reproducible.

4. The interviews with the experts on the validation of the model are not complex or
extensive therefore easy to replicate.

5. The interview with the leadership of organisations are not complex therefore easy to
replicate.
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3.2 A review of current methods

The research applied in my thesis is focused on Qualitative Naturalistic research (Chesebro
and Borisoff, 2007). I choose to make use of Triangulation in my research setup (Hussein,
2009; Jick, 1979), which is a Post-positivist methodological (Denzin and Lincoln, 2017).

3.2.1 Observation, Induction, and Deduction

Recker (2012) states that there are three elements important to be present inside of research
design:

1. ‘Exploration – where we build an understanding of the phenomena that interests us.‘

2. ‘Rationalisation – where we begin to make sense of the puzzle or problem that interests
us.‘

3. ‘Validation – where we appropriately subject our emergent or developed theory to
rigorous examination.‘

Recker (2012) also states that there are three themes always present in all types of research
design. See also figure 3.1.

1. ‘Observation concerns the discovery of things encountered in common experience. It
promotes the desire to understand these observable things by discovering some sys-
tematic order in them. ‘

2. ‘Induction is reasoning that involves moving from a set of specific facts to a general
conclusion or from specific observations to broader generalisations and theories.‘

3. ‘Deduction is reasoning that involves deriving arguments as logical consequences of a
set of more general premises. Deduction is commonly used to predict the results of the
hypotheses or propositions.‘

The research I carried out employed a combination of observation, induction and deduc-
tion, in a meaningful mix of exploration, rationalisation and validation.

FIGURE 3.1: Exploration, rationalisation and validation in research design
Recker (2012).

3.2.2 Research Design Decisions

I aimed for this research to be more exploratory then explanatory, more a field study then a
laboratory setting, with an outcome that is more descriptive then causal with the ambition
to create more understanding then designing (Recker, 2012; Emory and Cooper, 1991).
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3.2.3 Qualitative research

The research goal I am aiming for is to create a model that defines the system attributes of
an antifragile system and that of resilient systems. I created this model because replication
and experimentation on an antifragile organisation was not possible since there is no clear
(baseline) definition, on what antifragility is, was available to validate a replication against.

And because the mechanics (causality) between the attributes of a system and the beha-
viour of that same system is not known to me, I need to use qualitative research to validate
the model.

3.2.4 Naturalistic research

Naturalistic research is described as: ‘the researcher seeks to make the research experience as
much a part of the subjects’ everyday environment as possible‘ (Chesebro and Borisoff, 2007)
and as ‘research method to be set in a natural setting in an attempt to explain or interpret a
certain phenomenon.‘ (Henriksson et al., 2016; Alvesson and Sköldberg, 2009).

Since the topic of risk management, complexity theory and complex adaptive systems is
mostly unknown to the various experts and c-level managers, the naturalistic research is the
most logical research method for the validation of the EAAL model.

3.2.5 Qualitative Naturalistic research

Qualitative Naturalistic is also in line with the Sigma theory of Hoogervorst (2015), since
he states that organisations should provide freedom to employees to increase the internal
variety to compensate for the external variety. This is important for the relevance of this
research for the discipline of Enterprise Engineering.

3.2.6 Triangulation

Triangulation is defined as the use of multiple methods mainly qualitative and quantitative
methods in studying the same phenomenon (Hussein, 2009; Jick, 1979).

Campbell and Fiske (1959) where the first to introduce Triangulation (Drisko, 2011).
Triangulation has the following sub-types: (1) Data, (2) Investigator, (3) Theory, (4) Method-

ological, (5) Environmental and (6) Multiple method triangulation. These sub-types are
defined by Denzin (1970, 2017), Webb et al. (1966), Guion et al. (2011) and Kimchi et al.
(1991) (Hussein, 2009).

When applying triangulation and qualitative naturalistic research it is key to recognise
the following Validation types: (1) Internal, (2) External, (3) Content, (4) Construct, (5) Eco-
logical, (6) Cultural, (7) Catalytic, (8) Criterion-related. This subset of validation types is
provided by dr Ayaz (Afsar, 2015). This list of validation types is arbitrary. Prof Paul E.
Newton, provided a lecture on the February conference at the University of Oxford, Depart-
ment of Education titled ’Does it matter what ‘validity’ means?’ containing a very elaborate
overview of the various forms and function of validation types. His closing remark was:
’Validity is dead. Long live evaluation.’ (Newton, 2013).

FIGURE 3.2: Triangulation research method Alassafi et al. (2017).
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3.2.7 Positivism and Naturlism

Positivism is dedicated to empirical (qualitative) research. Positivism is also called Logical
Positivism. Naturlism is also called natural philosophy and is dedicated to qualitative re-
search (Andersen and Hepburn, 2015). See also section 3.1 on replication which is a theme
that plays a role in the discussion between the Logical Positivism and natural philosophy
resulting in the Post-positivist era.

3.2.8 Post-positivist methodological

Ryan (2006) states that post-positivist research is being characterised by:

1. ‘Research is broad rather than specialised‘ ;

2. ‘Theory and practice cannot be kept separate‘ ;

3. ‘The researcher’s motivations for and commitment to research are central and crucial
to the enterprise‘ ;

4. ‘The idea that research is concerned only with correct techniques for collecting and
categorising information is now inadequate ‘.

3.2.9 Triangulation and Applied Science

Denzin and Lincoln (2017) states that triangulation is a post-positivist methodological strategy.
The description provided by Ryan (2006) fits the aim of the Antwerp Management School
as an Applied Science university. The goal of the Antwerp Management school is to have
impact at the organisation the students of the executive program are employed. Therefore,
the research method of triangulation fits the research subject and the context for which the
research is executed.
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3.3 Applied research method for this thesis

3.3.1 Triangulation applied - validation and relevance

I created the following conceptual research model (see figure 3.3) by applying Triangulation
to the research topic.

FIGURE 3.3: Conceptual Research Model.

3.3.2 Literature Review

The literature review (section 3.4) is translated into the behaviour model (figure 4.4) and
the EAAL model (figure 4.5) by combining three main theories from the literature into the
decision tree (figure 4.3) and applying this decision tree to the collected system attributes
(figures 4.1 & 4.2).

The EAAL model, that is created by me, is a summary of the available literature on the
topic of antifragile systems.

3.3.3 Expert Review

For the Expert Review I decided to apply a mix on topic of expertise of the experts. I also
applied a variety of methods to interact with the expert (group and one-on-one). I choose
to do this, so that I have validations within the validation step itself. This resulted in the
validation of the model being validated inside the same approach.
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3.4 Literature review

3.4.1 Literature review approach

For the creation of an overview of the current Body of Knowledge, that is relevant to Anti-
fragility, I used the divergent and convergent process (see figure 3.4). To diverge is in this
context to move in different directions from a common point creating choices by including
more and more in the collection (Merriam Webster, 2020d). To converge is in this context
to move towards one another by making choices that determine if something is in scope or
out of scope (Merriam Webster, 2020b). Both my divergent and convergent processes were
iterative. Iterations where triggered by the ‘understanding relationships‘ step (figure 2.1).

FIGURE 3.4: Diverge and Converge process.

My approach is inspired by the snowball2 method (Wohlin, 2014; Groningen, 2020) as
part of a systematic3 literature review (Wikipedia contributors - D, 2020t). I retrieved relev-
ant literature from three groups of sources: ‘primary sources‘ for literature from the source
material, ‘secondary sources‘ for literature from academic search engines and an ‘extension
on the secondary sources‘ for literature from book, thesis and dissertation search engines.
See section 3.4.2.

Size of the snowball

The primary sources are the start of the divergence step in my literature research. This
resulted in:

• 358 sources cited in this thesis (Bibliography).

• 87 sources categorised (Appendix D).

• 9 sources selected as source for the attributes of the EAAL model (section 4.1.3).

2https://libguides.rug.nl/c.php?g=470628&p=3218096
3https://en.wikipedia.org/wiki/Systematic_review
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3.4.2 Creating the overview of the Body of Knowledge

Primary sources

As ‘primary sources‘ for the literature I used references from the book Antifragile (Taleb,
2012), and the references from the Wikipedia pages on Antifragile (Wikipedia contributors -
A, 2019b) and Antifragility (Wikipedia contributors - A, 2019c).

Secondary sources

In addition to the literature found in the ‘primary sources‘ I added literature found via vari-
ous academic search engines: I used (1) Google Scholar4, (2) Bing Academic5, (3) Semantic
Scholar6, (4) ReseachGate7, (5) Citationsy8 and the (6) Library of Antwerp Management
School9.

Extension on the secondary sources

I used the following search engines for finding books: (1) Amazon.de10, (2) Goodreads11 and
(3) Google Books12. Via this way I found the thesis of Dennis Kastner (Kastner, 2017).

The thesis of Kastner (2017) and Henriksson et al. (2016) inspired me to search in pub-
lic thesis databases: (4) Diva13 (Sweden), (5) Scripties Online14 (the Netherlands), (6) Nar-
cis15 (the Netherlands), (7) OpenThesis.org16 (USA), (8) OATD17 (Global) and (9) Sci-Hub18

(Global) .

Search keywords

I used the following keywords during my initial searches:
‘antifragile‘; ‘anti-fragile‘;
‘antifragility‘; ‘anti-fragility‘;
‘Taleb‘; ‘Nassim Taleb‘;
‘antifragile organisations‘; ‘antifragile organizations‘;
‘anti-fragile organisations‘; ‘anti-fragile organizations‘.
After using these keywords my research queries became more organic and iterative based
on the literature found in the reference lists of the found literature.

Body of Knowledge is made openly available

An overview of the current (2019) Body of Knowledge on the topic of antifragile is presented
in Appendix D (Appendix - Antifragility Papers) and also available via the wiki19 of this
public research project on Gitlab.

Reference of this thesis is made openly available

The reference list of this thesis is a sub-set of the collected Body of Knowledge.

4https://scholar.google.com
5https://www.bing.com/academic
6https://www.semanticscholar.org
7https://www.researchgate.net
8https://citationsy.com
9https://vpn1.uantwerpen.be/+CSCOE+/logon.html

10https://www.amazon.de/
11https://www.goodreads.com/
12https://books.google.com/
13http://www.diva-portal.org/
14http://scripties.ned.ub.rug.nl/
15https://www.narcis.nl/
16http://www.openthesis.org/
17https://oatd.org/
18https://sci-hub.tw/
19https://gitlab.com/edzob/antifragile-research/wikis/Antifragility-Literature-Research
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The reference list created during this research is available via the BiBTeX20 files of this
research project.

20https://gitlab.com/edzob/antifragile-research/-/tree/master/AntifragileThesis
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3.4.3 Keywords relevant to antifragile

Part of the convergence process is understanding the relationship between the theories. I
created a list of the identified relevant scientific keywords. These keywords can be used by
everyone that is researching antifragility or for who that is aiming to replicate my research.

Keywords - Systems and Complexity Theories

Complexity Science21, Emergence22, Self-organisation23, Collective behaviour24, Network
Science25, Evolution26 and adaptation27, Game Theory28, non-Linear Dynamic Systems29,
Systems Theory30, Systems Engineering31, Systems of Systems32, Complex Adaptive Sys-
tems (CAS)33, Complexity Management34, Chaos Engineering35, Entropy36, Distributed Sys-
tems37, Site Reliability Engineering38

Keywords - Organisation Design

Risk Management39, Barbell Strategy40, Requisite Variety41, Emergence42, Holacracy43, Taylor-
ism (Scientific Management)44, Enterprise Engineering45, Enterprise Architecture46, Enter-
prise Design47, Enterprise Governance48, Employee Empowerment49, Autonomy50, Resili-
ence51, Decoupling52, Knowledge Management53

21https://en.wikipedia.org/wiki/Complex_system
22https://en.wikipedia.org/wiki/Emergentism
23https://en.wikipedia.org/wiki/Self-organisation
24https://en.wikipedia.org/wiki/Collective_behavior
25https://en.wikipedia.org/wiki/Network_science
26https://en.wikipedia.org/wiki/Evolution
27https://en.wikipedia.org/wiki/Adaptation
28https://en.wikipedia.org/wiki/Game_theory
29https://en.wikipedia.org/wiki/Dynamical_system
30https://en.wikipedia.org/wiki/Systems_theory
31https://en.wikipedia.org/wiki/Systems_engineering
32https://en.wikipedia.org/wiki/System_of_systems
33https://en.wikipedia.org/wiki/Complex_adaptive_system
34https://en.wikipedia.org/wiki/Complexity_management
35https://en.wikipedia.org/wiki/Chaos_engineering
36https://en.wikipedia.org/wiki/Entropy
37https://en.wikipedia.org/wiki/Distributed_computing
38https://en.wikipedia.org/wiki/Site_Reliability_Engineering
39https://en.wikipedia.org/wiki/ISO_31000
40https://en.wikipedia.org/wiki/Barbell_strategy
41https://en.wikipedia.org/wiki/Variety_(cybernetics)
42https://en.wikipedia.org/wiki/Emergence
43https://en.wikipedia.org/wiki/Holacracy
44https://en.wikipedia.org/wiki/Scientific_management
45https://en.wikipedia.org/wiki/Enterprise_engineering
46https://en.wikipedia.org/wiki/Enterprise_architecture
47https://en.wikipedia.org/wiki/Organizational_architecture
48https://en.wikipedia.org/wiki/Corporate_governance
49https://en.wikipedia.org/wiki/Empowerment
50https://en.wikipedia.org/wiki/Autonomy
51https://en.wikipedia.org/wiki/Business_continuity_planning
52https://en.wikipedia.org/wiki/Decoupling_(organisational_studies)
53https://en.wikipedia.org/wiki/Knowledge_management
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3.4.4 Categories to organise the Body of Knowledge

Based on the relationships I recognised in the collected literature, I determined the following
six categories to label and sort the found literature: (1) ‘Antifragile‘; (2) ‘Antifragile & IT‘; (3)
‘Organisation‘; (4) ‘Risk and Resilience‘; (5) ‘Complexity Science‘; (6) ‘Science‘.

For ‘Organisation‘ I recognised papers that focus on organisations, how they respond to
stress and the role of the human factor.

For ‘Risk and Resilience‘ I recognised papers that, focus on risk, robust, fragile, resilience,
emergence, entropy, chaos, unpredictability and/or stress.

For ‘Science‘ I recognised papers that, focus on science and how it is limited by observa-
tion. I based my approach of categorisation on Wolcott (1990). See Appendix D (Appendix -
Antifragility Papers) for the sorted list of the papers found.
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3.5 Expert Review - individuals

First the validation is done by one-on-one iterative interviews with various experts. I made
certain that these experts know each other so that cross-validation can take place. The ex-
pertise topic of the experts are at least one of the following list: Antifragility, Enterprise
Architecture, Enterprise Engineering, Organisation design, Organisation Change.

The group of experts are from the Netherlands, Belgium, Germany and Sweden. Some
have no connection with me (for example people that have written thesis and academic
articles on antifragility), some have a connection with the Antwerp management school (for
example professors, former students and guest lecturers) and some have a connection with
me via my employer Sogeti as co-workers.

The question asked to them was "Does it make sense what I am telling you?", "Do you
see any big mistakes, blind spots or contrary statements?".

The two points of feedback on the EAAL model was first that the learning organisation
is relevant for all the resilience types and secondly that it seems as a cumulative model and
therefore can possibly be used as a growth model. The first remark resulted in the second
and final iteration of the EAAL model. The second remark I placed out of scope since I do
not claim that there is a causal link between the attributes and the type of behaviour, and I
also do not claim the list to be complete.

FIGURE 3.5: Validation by individual experts the circle is the work presented.
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3.5.1 Expert Review - groups

Secondly, I organised the validation by the groups. See figure 3.6. This validation was
done in three steps. First the validation by my two supervisors, and after that the validation
by the Sogeti Architecture leadership. One supervisor was part of this second group and
therefore could validate the outcome of this group-validation. After this there was a group
validation with 10 Enterprise Architect, Solution Architect and Business Analysts from the
Sogeti Architecture Community. Of this group of 10 experts two persons of the architecture
leadership team where present to validate this validation step.

FIGURE 3.6: Validation and Relevance by group of experts, the circle is the
work presented.
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3.5.2 Practitioners Review

For the practitioners review I mainly focused on C-level leadership from organisations. I
used the method of unstructured interview with the maximal duration of one hour.

The companies interviewed where.

1. A large aviation company
FTE 70.000 - 90.000, revenue 20-40 1000xM EUR

2. A smaller aviation company
FTE 1.000 - 5.000, revenue 1-2 1000xM EUR

3. A smaller governmental organisation
FTE 10-200

4. A smaller good-cause / non-profit organisation
FTE 10-200

5. A private university
FTE 200-400, 2000-5000 students

6. A public university
FTE 1.000 - 5.000, 10.000 - 25.000 students

7. A scale-up company in retail with recent funding in a round-c funding.

FIGURE 3.7: Relevance by Practitioners.
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3.6 Applied research tooling and infrastructure

From the start of the masters program I setup my research infrastructure. It was clear from
the beginning that open source and open access is my way to go. The goal of my setup is
that everybody can clone a repository, and can replicate or elaborate on the work that I have
done. Therefore, from the beginning I put all my work under Creative Commons54 BY-SA
4.055. It is free for all to copy and change the content and use it for commercial purposes,
with the condition that they include a reference to the source material. This way I am free
from all ties and alternative motives.

I choose to use LATEX56 to write my thesis in. LATEX is based upon TEX and is a text based
document preparation system and allows me to use various (plain)text editors of various
platforms and devices for writing my thesis. This enables me to de-couple the content from
the layout. Another benefit of using a pure text-based approach is that I can use Git57 for ver-
sioning, and synchronise all the decentralised working copies with one central repository58

on Gitlab59.
Furthermore supports Gitlab a wiki for research documentation and a kanban board for

workflow management. Gitlab is a service that will not quickly go offline since various
global organisations make use of it.

By applying BibTeX60 as my literature library I can quickly share all information on the
literature I have collected. See for example my BibTeX file61 containing just the papers. I
made it a personal quest to add public links to all the literature used, so that when someone
wants to look up a quote or wants to check a reference, this can be done without any roadb-
locks.

For writing text, I used the following plain text editors: online code editor AWS Cloud962,
Sublime Text v363 on Windows and Linux and the editor Caret64 on Chrome OS. Later in
the process I started using Overleaf65 since this enabled online collaboration including the
document generation (compiling) of the thesis. Overleaf was advised to me66 by a professor
at the University of Groningen.

Overleaf is a commercial LATEX tool, which is very nice to use. I checked and the LATEX files
are also functional when compiled on a separate machine. There is no lock-in with Overleaf
for people that want to use my work.

By applying this research infrastructure, I have backups (working copies) of my thesis
at the Overleaf server, Gitlab server, and the three laptops I work from. A backup of the
collected papers is also on these locations, since they are part of the Git repository, and on
my Google Drive.

See table 3.1 for the research infrastructure used.

54https://en.wikipedia.org/wiki/Creative_Commons_license (Wikipedia contributors - C, 2020e)
55https://creativecommons.org/licenses/by-sa/4.0/
56https://en.wikipedia.org/wiki/LaTeX (Wikipedia contributors - C, 2020o)
57https://en.wikipedia.org/wiki/Git (Wikipedia contributors - C, 2020h)
58https://en.wikipedia.org/wiki/Repository_(version_control) (Wikipedia contributors - C, 2020w)
59https://en.wikipedia.org/wiki/GitLab (Wikipedia contributors - C, 2020i)
60https://en.wikipedia.org/wiki/BibTeX (Wikipedia contributors - A, 2019d)
61https://gitlab.com/edzob/antifragile-research/-/blob/master/AntifragileThesis/

bib-antifragile-papers.bib
62https://aws.amazon.com/cloud9/
63https://www.sublimetext.com/3
64http://thomaswilburn.net/caret/
65https://www.overleaf.com/about
66https://twitter.com/edzob/status/1110283982476922881
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Paper Related
Format / Template LATEX
Editor Web AWS Cloud9, Overleaf
Editor Windows/Linux SublimeText 3
Versioning service Gitlab
Versioning web Gitlab
Versioning Windows/Linux Git

Pictures Google Documents
(including keystroke specific versioning)

Presentations Google Documents
Reference Related

Reference Library format BiBTeX
Reference Storage (papers) Google Drive & Gitlab

Research-process Related
Misc. Documentation Wiki
Wiki Editor web AWS Cloud9, Overleaf
Wiki Editor Windows/Linux Sublime Text 3
Wiki versioning service Gitlab
Wiki versioning web Gitlab
Wiki versioning Windows/Linux Git

Research Data Related
Editor Web AWS Cloud9, Overleaf
Editor Windows/Linux Sublime Text 3
Versioning service Gitlab
Versioning web Gitlab
Versioning Windows/Linux Git

TABLE 3.1: Research Infrastructure
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4 Conceptual model

Introduction

The Theoretical background from chapter 2 combined with the Methodology from chapter
3 make it possible to create a Conceptual model.

This chapter starts with the selected literature in section 4.1. In section 4.2 design state-
ments are provided, that provide constraints to the design of the binary decision tree in
section 4.3. I applied the decision tree in sorting the attributes of a system described in the
selected literature.

I then summarised the sorted list of the attributes from the literature. The result of this
action is presented in section 4.4 (The attributes of a resilient and antifragile System-of-
Systems). The Conceptual model in section 4.5 is the visualisation of the summary combined
with the design statements of section 4.2.

The content of this chapter is the following:
4.1 The selected antifragile literature . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4.1.1 Steps that lead to the literature selection . . . . . . . . . . . . . . . . . . 58
4.1.2 Literature selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
4.1.3 Antifragile attributes from the literature selection . . . . . . . . . . . . 59
4.1.4 Diversity in papers in the Body of Knowledge . . . . . . . . . . . . . . 61
4.1.5 Diversity in research method in the Body of Knowledge . . . . . . . . 61
4.1.6 Existing research difficult to compare . . . . . . . . . . . . . . . . . . . 61
4.1.7 Highlights from and summary of the Body of Knowledge . . . . . . . 61

4.2 Design Statements applied in building the Conceptual model . . . . . . . . . 62
4.2.1 Statement 1 - The Triad . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
4.2.2 Statement 2 - System-of-Systems . . . . . . . . . . . . . . . . . . . . . . 62
4.2.3 Statement 3 - Resilience is not a state . . . . . . . . . . . . . . . . . . . . 62
4.2.4 Statement 4 - Three type of Resilience . . . . . . . . . . . . . . . . . . . 62
4.2.5 Statement 5 - The Learning Organisation is always applicable . . . . . 62
4.2.6 Statement 6 - Requisite Variety is applied by Attenuate and Amplify . 62
4.2.7 Statement 7 - Antifragility is defined by Taleb . . . . . . . . . . . . . . 62

4.3 Conceptual model creation by a binary Decision Tree . . . . . . . . . . . . . . 63
4.3.1 Decision tree to sort the attributes . . . . . . . . . . . . . . . . . . . . . 63
4.3.2 Step 1 - Learning Organisation . . . . . . . . . . . . . . . . . . . . . . . 63
4.3.3 Step 2 - Requisite Variety . . . . . . . . . . . . . . . . . . . . . . . . . . 63
4.3.4 Step 3a - Resilience that absorbs stressors . . . . . . . . . . . . . . . . . 63
4.3.5 Step 3b - Antifragile by Taleb . . . . . . . . . . . . . . . . . . . . . . . . 64
4.3.6 The Decision tree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.4 The attributes of a resilient and antifragile System-of-Systems . . . . . . . . . 65
4.4.1 Engineering Resilience attributes . . . . . . . . . . . . . . . . . . . . . . 65
4.4.2 Systems Resilience attributes . . . . . . . . . . . . . . . . . . . . . . . . 65
4.4.3 Complex Adaptive System Resilience attributes . . . . . . . . . . . . . 66
4.4.4 Antifragile attributes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.4.5 Learning Organisation attributes . . . . . . . . . . . . . . . . . . . . . . 68

4.5 Conceptual model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
4.5.1 Behaviour of a System-of-Systems . . . . . . . . . . . . . . . . . . . . . 69
4.5.2 Attributes of an Antifragile System-of-Systems . . . . . . . . . . . . . . 69
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4.1 The selected antifragile literature

4.1.1 Steps that lead to the literature selection

In section 3.4 (Literature review) I described how I collected, labelled and selected the papers
and books that I added to the Body of Knowledge. Every step in this process is an arbitrary
step, therefore I tried to document all the steps, so that everyone is able to replicate, validate
and improve every step. I am convinced this is better for replication and for adjustment then
providing one black box step with as input all papers collected and as output the created
summary. The steps have been documented in the following Appendices:

1. I have written down the papers sorted into categories, in Appendix D (Appendix -
Antifragility Papers);

2. I added a short summary to the papers that address antifragility, in Appendix E (Ap-
pendix - Antifragile literature Summary);

3. I provide the selection of papers that provide a list of attributes of an antifragile system,
in Appendix E (Appendix - Antifragile literature Summary) and section E.2 (Field of
Antifragile - Body of Knowledge on Antifragile properties).

4.1.2 Literature selection

I selected the following papers, master theses and books to provide the set of antifragile
attributes that I intend to summarise in the model:

1. System Criteria to analyse antifragility from
‘Evaluating organisational antifragility via fuzzy logic. The case of an Iranian company
producing banknotes and security paper‘
(Ghasemi and Alizadeh, 2017, p. 25).

2. Assessing Antifragility in Complex Adaptive Systems from
‘Antifragility analysis and measurement framework for systems of systems‘
(Johnson and Gheorghe, 2013, p. 163).

3. Antifragile System Assessment Criteria from
‘An alternative view to assessing antifragility in an organisation: A case study in a
manufacturing SME‘
(Kennon et al., 2015, p. 179).

4. Antifragile attributes from
‘Antifragile‘
(Taleb, 2012).

5. Antifragile organisation design from
‘Antifragile Organisation Design: A framework of Self-Organisation practices in today’s
complex and unpredictable economy‘
(Kastner, 2017).

6. Antifragile organisation aspects from
‘To Master Disaster: How SME managers can thrive and benefit from economic crises‘
(Henriksson et al., 2016, p. 18-30).

7. AntiFragile Information Systems: Some Guidelines from
‘Antifragile Information Systems‘
(Gorgeon, 2015, p. 6-11).

8. Anti-fragile principles for a complex adaptive ICT system from
‘Anti-fragile ICT Systems‘
(Hole, 2016, p. 35-57).
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9. Properties of systems demonstrating high levels of antifragility from
‘No More Snake Oil: Architecting Agility through Antifragility‘
(O’Reilly, 2019, p. 886).

10. The hero archetype from
‘Antifragility, the Black Swan and psychology‘
(Markey-Towler, 2018, p. 5).

4.1.3 Antifragile attributes from the literature selection

The attributes that I collected from the selected literature are to be found in figures 4.1, 4.2
and in Appendix F, (Appendix - Antifragility descriptions in the literature).

FIGURE 4.1: The antifragile attributes (one-of-two) selected as input for the
creation of the model (Appendix F).
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FIGURE 4.2: The antifragile attributes (two-of-two) selected as input for the
creation of the model (Appendix F).
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4.1.4 Diversity in papers in the Body of Knowledge

Since the field of antifragility is new and not yet into consolidation or convergence, there are
many papers not specifically on antifragility added by me to the Body of Knowledge. It is
interesting to note that papers and books on antifragility have in common that they reference
Taleb, and that there is limited overlap in referencing other existing papers and books. The
literature set created and used in this research is not complete. This set of literature is not
complete because every paper (size M) is referencing a unique set of different papers (size
N) making the size of the set of all literature referenced very big (size M × N).

4.1.5 Diversity in research method in the Body of Knowledge

When I apply the Pareto1 principle, 80% of the papers on antifragile are literature studies
inspired by Taleb (2012) reasoning to apply an approach in the design activity in their field.
20% of the papers are applying qualitative research via retrospective interviews at a select
(1-5) number of companies. See for this Appendix F (Appendix - Antifragility descriptions
in the literature).

4.1.6 Existing research difficult to compare

The research that I selected as mainly applicable to the topic of antifragility can be found in
Appendix C (Appendix - Antifragile literature Highlights). The selected literature on anti-
fragility did not contain a large number of measurements and I did not see a possibility to
replicate the findings. The work consists of a small amount of (retrospective) interviews
combined with a large amount of related existing theoretical work. In my opinion, the reas-
oning in the highlighted work is strong. The selected literature on antifragility combines
into a large Body of Knowledge to study. Every piece of work from the selected work is ref-
erencing a different (sub-)set of literature. In most of the work that I found, the terminology
used in that work is not made explicit in meaning and function. These observations together
make it difficult for me to compare and match the reasoning between the independent re-
search papers and books.

4.1.7 Highlights from and summary of the Body of Knowledge

The Antifragile Body of Knowledge is young and the amount of papers is large and diverse.
In Appendix C (Appendix - Antifragile literature Highlights) I have written down the work
that I see as highlights of the literature in the field of antifragility. I have written summaries
of a selection of the papers found and these summaries are available in Appendix E (Ap-
pendix - Antifragile literature Summary).

1https://en.wikipedia.org/wiki/Pareto_principle (Wikipedia contributors, 2020)
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4.2 Design Statements applied in building the Conceptual
model

Since there is no clear model on antifragility, it helps to combine the available criteria, prop-
erties and attributes in a conceptual model (Recker, 2012, Ch. 5). The aim of a conceptual
model is to provide meaning to the various viewpoints on this topic. The provided meaning
then can be used to provide insight in how to become antifragile, and which steps might add
value to the organisation but might not be the steps that will create antifragility.

The following statements I used in the design of the conceptual model.

4.2.1 Statement 1 - The Triad

The triad of Taleb is the basis of the conceptual model: Fragile, Robust and Antifragile.
See section 1.5.1 (Definition of fragile, robust and antifragile).

4.2.2 Statement 2 - System-of-Systems

A system has various sub-systems and various dimensions. It is possible that several sub-
systems and dimensions have a different position in the triad.
See section 1.5.2 (Behaviour of fragile, robust and antifragile).

4.2.3 Statement 3 - Resilience is not a state

Resilience is the transition between robust and antifragile.
See section 1.6 (Introduction into Resilience).

4.2.4 Statement 4 - Three type of Resilience

There are three types of resilience: Engineering Resilience, Systems Resilience and Complex
Adaptive (CAS) Resilience.
See section 1.6 (Introduction into Resilience).

4.2.5 Statement 5 - The Learning Organisation is always applicable

The attributes of a Learning Organisation are relevant for a System-of-Systems (SoS) irre-
spective of the classification of resilience or antifragility. When a system shows Engineering
Resilient, Systems Resilient, CAS Resilient or Antifragile behaviour, the learning organisa-
tion attributes are always relevant.
See section 2.4 (Learning Organisation).

4.2.6 Statement 6 - Requisite Variety is applied by Attenuate and Amplify

Requisite Variety from the antifragile literature is applied to the conceptual model, and thus
to the topics of a system showing Engineering Resilient, Systems Resilient, CAS Resilient or
Antifragile behaviour as attributes that Attenuate or Amplify Variety.
See section 2.7 (Requisite Variety).

4.2.7 Statement 7 - Antifragility is defined by Taleb

Antifragility attributes are those that are defined by Taleb. All other attributes in the anti-
fragile literature are assigned to one of the three types of resilience.
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4.3 Conceptual model creation by a binary Decision Tree

4.3.1 Decision tree to sort the attributes

To sort all the available attributes described in the literature on antifragility, I created a de-
cision tree to help in the sorting process. This tree consists out of four steps. In the next
sections I describe the separate steps that together form the tree and in section 4.3.6 (The
Decision tree) the tree is displayed.

4.3.2 Step 1 - Learning Organisation

See also section 2.4 (Learning Organisation) and 2.4.5 (How to achieve a Learning Organisa-
tion) on the learning organisation and the 5th discipline of Senge (1990). This step is in line
with Statement 5 - The Learning Organisation is always applicable.

Attributes from the literature

The attributes that I found in the selected literature are: fail fast (Hole, 2016), reduce naive
interventions, inject randomness into the system (Gorgeon, 2015), self-organisation (Kastner,
2017), emergence (Ghasemi and Alizadeh, 2017; Kennon et al., 2015; Johnson and Gheorghe,
2013), balancing constraints vs freedom (Johnson and Gheorghe, 2013; Kennon et al., 2015;
Henriksson et al., 2016), diversity of cells and organisational learning (Kastner, 2017).

Attributes from the 5th Discipline

All the explicit and also the implicit attributes on the learning organisation from the anti-
fragile literature I have normalised, translated and captured into the attributes described by
Senge (1990) as the 5th discipline. These are:

1. Personal mastery,

2. Shared mental models,

3. Building shared vision,

4. Team learning,

5. Systems thinking.

Decision tree Step 1: is the attribute part of 5th discipline?

This is the first step in the decision tree. Can the attribute (explicit or implicit) found in
the literature be translated to one of the five attributes of Senge? If so, then mark this and
continue with the next attribute. If not, then continue with this attribute to the next step.

4.3.3 Step 2 - Requisite Variety

See also section 2.7 (Requisite Variety). This step is in line with Statement 6 - Requisite
Variety is applied by Attenuate and Amplify.

Decision tree Step 2: Does it attenuate Variety?

This is the second step in the decision tree. In this step I determine if the attribute Attenuate
(dampens) the Variety or if it Amplifies the Variety. For example, ‘redundancy‘ absorbs the
stressors and therefore attenuates the variety, where ‘diversity‘ directly amplifies the variety.

4.3.4 Step 3a - Resilience that absorbs stressors

This is in line with statement Statement 4 - Three type of Resilience. I grouped Engineering
Resilience and Systems Resilience together as types of resilience that absorb stressors, and
therefore they are both in the Attenuate Variety lane of the decision tree.
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Decision tree Step 3a: Does it resemble top-down C&C?

This is the third step in the decision tree. The discriminant between Engineering Resilience
and Systems Resilience is that Engineering Resilience is focused on top-down Command
and Control (C&C). That leaves all other attributes that Attenuate Variety are assigned to
Systems Engineering.

4.3.5 Step 3b - Antifragile by Taleb

This is in line with statement Statement 7 - Antifragility is defined by Taleb. For the Amplify
Variety lane there is Complex Adaptive System (CAS) Resilience and Antifragile (left).

Decision tree Step 3b: is it part of the definition of Antifragile by Taleb?

The discriminant between CAS Resilience and Antifragile is the definition by Taleb of what
Antifragile is. Taleb states that the following are essential for an antifragile system:

1. Optionality

2. Resources to invest

3. Seneca’s barbell

4. Insert randomness

5. Reduce naive intervention

6. Skin in the game

I excluded optionality from this list since the overlap with diversity. See section 4.4.3
(Diversity).

4.3.6 The Decision tree

The result of the combination of the steps into a visual model of a binary decision tree is seen
in figure 4.3.

FIGURE 4.3: Decision tree to order the attributes.

Edzo A. BOTJES – https://gitlab.com/edzob/antifragile-research c©CC BY-SA 4.0 – Version: v1.0 20200514

https://gitlab.com/edzob/antifragile-research


4.4. The attributes of a resilient and antifragile System-of-Systems 65

4.4 The attributes of a resilient and antifragile System-of-
Systems

4.4.1 Engineering Resilience attributes

In the papers the attribute that I grouped into Engineering Resilience is ‘balancing con-
straints vs freedom‘ (Johnson and Gheorghe, 2013; Kennon et al., 2015; Henriksson et al.,
2016). The selected literature addressed the attributes "Top-down Command & Control" and
"Micro-Management".

Top-down C&C

Top-Down command and control in an organisation is that a employee is not free to decide
to go left or right but has to follow orders. The careful design of an iPhone or a good pen is
also an example of limited freedom of movement in the product itself.

Micro-Management

Micro-management is about the freedom in the use of the product. When there are detailed
working instructions available in a business process, the employee has no freedom in the
execution of the job. Another great example is a Lego building block. It is engineered and
fabricated into the greatest detail creating a building block that is almost completely robust.
Lego has a very small resilience behaviour through engineering.

4.4.2 Systems Resilience attributes

Redundancy

Redundancy is about having not a single point of failure by making use of duplication. An
example is a backup electricity generator. Another example is local government as backup
system of the central government.

Redundancy is the duplication of critical components or functions of a system with the
intention of increasing reliability of the system, usually in the form of a backup or fail-safe,
or to improve actual system performance (Wikipedia contributors - B, 2019l).

Duplication of components to meet the same objective create excess capacity in a system
and are effective tools for extreme stressor defences. Redundancy tends to stabilise systems
and improve robustness (Kennon et al., 2015).

The presence of more than one component to cope with failure. Redundancy may also
have the perverse effect of increasing complexity, raising the likelihood of failure (Perrow,
1984).

Modularity

Modularity is the degree that components may be separated and recombined, often with
the benefit of flexibility (Hole, 2016; O’Reilly, 2019; Santos, 2012; Gorgeon, 2015; Martin-
Breen and Anderies, 2011; Liu and Thompson, 2002). For example the finance team and the
marketing team. Another example is the user-interface module and the data storage module.

Loosely coupled

Loosely coupled is the degree of dependency on the exact working of another module. For
example, when the colour-schema of a website is changed it is preferred that this does not
impact the functioning of the website. Another example is that when there are new employ-
ees introduced at the finance department this should not impact the taste of the coffee. It is
important to understand that there is always some degree of coupling.

Loosely coupled is also known as ‘Weak links‘, ‘uncoupling‘, ‘loose / tight coupling‘
and ‘a low level of interconnectedness between components‘ (Hole, 2016; O’Reilly, 2019;
Ghasemi and Alizadeh, 2017; Johnson and Gheorghe, 2013).
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4.4.3 Complex Adaptive System Resilience attributes

Diversity

Diversity is also known as optionality, the ability to solve a problem in more than one way
with different components (Hole, 2016, p. xiii, 38; Martin-Breen and Anderies, 2011, p. 9, 17,
32, 33; Gorgeon, 2015, p. 5,9; Kastner, 2017; O’Reilly, 2019, p. 886,888).

Diversity is used in various forms. For example, the usage of different programming
languages or different programming patterns/solutions. This way the collection of systems
is more diverse. An example of this is the company Booking.com that runs in production
various A/B tests with a wide variety of features (Kaufman et al., 2017, p. 1). Another
example is that within a team you want diverse co-workers since other type of people come
up with other type of solutions.

Taleb (2012) and Gorgeon (2015) both use the term optionality. This is a more specific
form of diversity. Optionality is the availability of options (Taleb, 2012, p. 176-177; Gorgeon,
2015, p. 9).

For example, retrieving weather information from two different API end-points and not
from one weather information supplier. Another example is having four delivery compan-
ies that transport goods from your warehouse to your customers instead of having only
contracted one delivery company. Henriksson et al. (2016) is using the term Networks with
the same intention. The network is there to have opportunities in the context of having op-
tions. The combination of Emergence, innovation and networks support that diversity can
be used as common attribute.

For the EAAL model I have made the design decision to exclude optionality from the
antifragile group and put it in the CAS resilience group under diversity, since the most of
the impact is in creating diversity.

Additional work on optionality
In the context of CAS the term diversity is commonly used. Interesting is that optionality as
term is used by Taleb, Martinetti and Derbyshire. Optionality can be seen as an extension
of flexibility (Martinetti et al., 2017, p. 237; De Florio, 2014, p. 839; Holling, 1996, p. 31,32;
Janssen, 2015, p. 7).

“Optionality is seen as both building flexibility to increase the range of strategic
options as well as an enabler for convexity to respond to unpredictable events“
- (Derbyshire and Wright, 2014, p. 219).

Non-Monotonicity

See also section 2.4.2 (Non-Monotonicity is learning from bad experiences).
Learning from mistakes can be an effective defence against stressors. Mistakes and fail-

ures can lead to new information. As new information becomes available it defeats previous
thinking, which can result in new practices and approaches.

In this case, stressors can actually cause the system to improve (Johnson and Gheorghe,
2013; Ghasemi and Alizadeh, 2017). Learning from negative consequences induced by stressors
can lead to new information. New information can result in improved practices and ap-
proaches. Stressors, when learned from, can thus cause a system to improve (Kennon et al.,
2015; Ghasemi and Alizadeh, 2017).

In Hole (2016) this is described as ‘Fail Fast‘ and in Gorgeon (2015) as ‘inject randomness
into the system‘.

Emergence

When there is little or no traceable relation between the ‘micro and macro level output‘ then
emergence is there. This the situation where random things (‘unintended states‘) appear
more often and X-Events (black swans) appear. The law or Requisite Variety applied in this
reasoning, leads to that internal emergence counters external emergence, and this leads then
to antifragility (Christen and Franklin, 2002; Kennon et al., 2015; Ghasemi and Alizadeh,
2017; Goldstein, 1999; Menzies, 1988; Johnson and Gheorghe, 2013).
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Self-Organisation

Self-Organisation is a process where some form of overall order arises from local interactions
between parts of an initially disordered system (Wikipedia contributors - D, 2020p). For
example, students sitting together in the school cafeteria.

Insert low-level stress

Continuous Improvement is achieved by inserting low-level of stress continuously into a
learning system. This will keep the system sharp all the time.

Network-connections

A network is created by connections to other nodes. More connections increase the potential
for optionality for new constructions and also new functionalities.

Fail Fast

The other attributes in this group combined enables the possibility to execute the strategy
“Fail Fast” (Kennon et al., 2015; Gorgeon, 2015; Hole, 2016; Ghasemi and Alizadeh, 2017).

4.4.4 Antifragile attributes.

Resources to invest

Opportunities can only be seized when there are resources free to do see. This can be money
but also time and labour. To survive a black swan investment should be possible (Taleb,
2012; Gorgeon, 2015; Kastner, 2017; Henriksson et al., 2016).

Seneca’s barbell

To be antifragile you need a robust sub-system to which 80-90% predictable value with low
risk is situated. The 10-20% should be used for high return on investment activities (Taleb,
2012; Johnson and Gheorghe, 2013; Kennon et al., 2015; Henriksson et al., 2016).

Insert randomness

When insert-low-level stress and fail fails delivers no issues the next step is to insert ran-
domness into the systems. A great example of this is Chaos Engineering by Netflix or the
HackerOne bug-bounty system (Taleb, 2012; Kennon et al., 2015; Gorgeon, 2015; Ghasemi
and Alizadeh, 2017).

Reduce naive intervention

Naive intervention is an intervention based on a model and reductionistic logic and ignor-
ing the experience. An example is not listening to the experienced but not so articulate em-
ployee, or by ignoring the balance nature has found in an ecosystem (Taleb, 2012; Gorgeon,
2015; Kastner, 2017).

Skin in the game

Make certain that the one making the decision and doing the work has a pain and gain
relation with the outcome. This goes beyond having a feedback system in place. This goes
beyond having KPI’s in place. An example is that when working Agile scrum, the product
owner should be a co-worker in the team for whom the solution is being build (Taleb, 2012;
Kastner, 2017).
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4.4.5 Learning Organisation attributes

Personal mastery

"Personal mastery is a discipline of continually clarifying and deepening our per-
sonal vision, of focusing our energies, of developing patience, and of seeing real-
ity objectively."
- (Senge, 1990, p. 7)

Shared mental models

"Mental models are deeply ingrained assumptions, generalizations, or even pic-
tures of images that influence how we understand the world and how we take
action."
- (Senge, 1990, p. 8)

Building shared vision

"Building shared vision - a practice of unearthing shared pictures of the future
that foster genuine commitment and enrolment rather than compliance."
- (Senge, 1990, p. 9)

Team learning

"Team learning starts with ’dialogue’, the capacity of members of a team to sus-
pend assumptions and enter into genuine ’thinking together’."
- (Senge, 1990, p. 10)

Systems thinking

"Systems thinking - The Fifth Discipline that integrates the other four. . . . Systems
thinking also needs the disciplines of building shared vision, mental models,
team learning, and personal mastery to realize its potential. Building shared
vision fosters a commitment to the long term. Mental models focus on the open-
ness needed to unearth shortcomings in our present ways of seeing the world.
Team learning develops the skills of groups of people to look for the larger pic-
ture beyond individual perspectives. And personal mastery fosters the personal
motivation to continually learn how our actions affect our world."
- (Senge, 1990, p. 12)
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4.5 Conceptual model

4.5.1 Behaviour of a System-of-Systems

Based on the literature the following conceptual model is created. This model contains the
behaviour of a system on stress or time resulting in a value. See figure 4.4.

FIGURE 4.4: Behaviour of a System-of-Systems in value on time or stress.

4.5.2 Attributes of an Antifragile System-of-Systems

Following the steps defined in section 4.1 and 4.1.3 the EAAL model (figure 4.5) is created.
The EAAL model is a summary of the available literature on the attributes of a resilient and
antifragile System-of-Systems.

FIGURE 4.5: The EAAL Model.
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5 Results & Analysis

Introduction

The goal of this chapter is to provide insight in the data collection process, the results and
the analysis on these results.

The content of this chapter is the following:
5.1 Data collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

5.1.1 Information products used for Data collection . . . . . . . . . . . . . . 72
5.1.2 Data collection from expert individuals . . . . . . . . . . . . . . . . . . 72
5.1.3 Data collection from expert groups . . . . . . . . . . . . . . . . . . . . . 72
5.1.4 Data collection from practitioners . . . . . . . . . . . . . . . . . . . . . 72
5.1.5 Data collection Questions . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.2 Data analysis strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
5.3 Data collected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.3.1 Data collected from Expert Review - individuals . . . . . . . . . . . . . 73
5.3.2 Data collected from Expert Review - groups . . . . . . . . . . . . . . . 73
5.3.3 Data collected from Practitioners Review . . . . . . . . . . . . . . . . . 73

5.4 Data analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
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5.1 Data collection

I collected data from three groups: (1) Experts on individual level, (2) Experts Groups and (3)
Practitioners on individual level. The number of experts that I used for individual validation
is 10 (figure 3.5). The number of groups I used for validation is three with a total amount of
12 persons (figure 3.6). The number of practitioners that I used for individual validation on
application is seven (7) (figure 3.7).

5.1.1 Information products used for Data collection

During the interviews I used two information products. Mainly I used a slide deck1,2 (the
Chaos deck) containing the following:

1. Aimed at individual experts and interviews with C-level managers:
Slides 3-7
Core slides are slides 4,6,7.

2. Aimed at group presentations:
Slides 15-38
Part 1) Introduction into chaos and complexity.
Part 2) Design of system behaviour in a chaotic world.

3. Additional slides:
Slides 8-14, per attribute a short summary.
Slide 39-40, overview of attributes in the literature, and the sorting tree.

Next to the deck I used the most recent version of the Management Summary that I
extracted from the working version of my thesis.

5.1.2 Data collection from expert individuals

The data collection with the experts is done via various communication ways (Skype, Google
Hangout, Email, Phone and face-to-face) in an unstructured way.

Pretty quickly I used the conceptual model of the Attributes of an Antifragile System-
of-Systems (figure 4.5) as main talking point. To all experts I did send my management
summary.

5.1.3 Data collection from expert groups

For the expert groups I used face-to-face communication, supported by ‘the Chaos deck‘.
My presentation consists out of two parts. Part 1 describes chaos and complexity, and Part
2 describes the conceptual models created by me. These are the two conceptual models
from section Behaviour of a System-of-Systems (figure 4.4) and from section Attributes of an
Antifragile System-of-Systems (figure 4.5).

5.1.4 Data collection from practitioners

The data collection with the practitioners was done via unstructured interviews that lasted
maximal one hour, as described in section 3.5.2 (Practitioners Review). For the interviews
with the Practitioners I used the conceptual model of the Behaviour of a System-of-Systems
(figure 4.4) and The EAAL Model. (figure 4.5). To all practitioners that participated I did
send my management summary.

1https://docs.google.com/presentation/d/1F-ISVgXP4O8NXLk2AFrQlQuLiFmUj_S5fojs8sZ1drM/edit?
usp=sharing

2https://gitlab.com/edzob/antifragile-research/-/tree/master/AntifragileThesis/pdf
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5.1.5 Data collection Questions

At all the three data collection variants I asked the following questions:

1. "Do you see or do you hear something that is not right?"
This is my check on inconsistencies and white rabbits.

2. "Do you see or do you hear anything that sounds too far-fetched and only theory
based?"
This is my check on being caught in a theoretical discussion without any touch with
reality.

3. "Does what I tell you resonate with you?"
This is my check if the information communicated addresses an application in reality
with the interviewee.

5.2 Data analysis strategy

Since I am reluctant in applying quantitative analysis, and also reluctant in using qualitative
analysis for causal relationships, I restricted myself to this limited line of questioning, and
also limited the analysis to the following checks:

1. Did I miss something big?

2. Did I create something that is wrong?

3. Did I create something that inspires people to design their reality differently?

5.3 Data collected

5.3.1 Data collected from Expert Review - individuals

The overall feedback from the one-on-one expert reviews was that the EAAL model sparked
inspiration and was relevant to their individual expertise.

Main feedback that I took into account and resulting into (re)designing the EAAL model
where the following feedback points.

1. All the aspects as described by Senge (1990) of a learning organisation are always rel-
evant.

2. It is impossible to find out based on observation why something is working.
Here the person was referencing to the function and construction dilemma and to the
issue of determining causal relations based on observation.

5.3.2 Data collected from Expert Review - groups

The overall feedback from the group validations was also that the EAAL model sparked
inspiration and was relevant for the future. This group of 10 experts also provided feedback
that the topic was pretty complex and would need examples on how to apply this in their
day-to-day work. The feedback of the smaller group of 3 was that the topic was fit to be
included in a book on Enterprise Architecture. Based on this feedback I created section 1.8.3
(Examples of implementation of antifragility).

5.3.3 Data collected from Practitioners Review

The overall feedback from the practitioners was that the EAAL model sparked inspiration
but it could not be used in the boardroom in this form . The EAAL model should be used in
the department that advises the board during the analysis and design process. Based on the
EAAL model ‘smart‘ question could be created and asked in the boardroom.

Highlights of the feedback of the interviews are:
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1. "For the first time I see a holistic overview of the field of antifragility, resilience and
agile."

2. "This is a powerful tool to think about the future design of the company."

3. "This all sounds very logical and clear to me. Great to have it in one image."

4. "After your talk with our CTO he is researching Holacracy and the possibilities in the
transformation of our organisation."

5. But not all the feedback was positive.
"This does not resonate with me. I do not understand what you are trying to tell me."

5.4 Data analysis

The overall feedback on the presented model was positive.
There was one negative feedback that the model and story did not resonate. This data-

point is only one and therefore not significant for the positive end result. More on this in
section 6.2.3 (Reflections on the data, improvements and antifragility).

There was one feedback that the attributes are in the functional domain and that the
translation to the construction of the system could be very difficult. This topic is out of scope
and therefor part of chapter 6.3.4 (Future research in Enterprise Engineering theories).
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6 Conclusion & Discussion

Introduction

The goal of this chapter is to provide a conclusion, reflection and recommendations for future
research.

The Conclusions of this research (section 6.1) are based on the theoretical framework,
research design, research execution and data collected. Limitations are applicable to the
conclusions.

In section 6.2 (Discussion on what can be improved) I will address some critical thinking
on the theoretical framework, research design, research execution, data collected and actions
that I could have done differently.

I will provide Recommendations for future research (section 6.3) on actions and next
steps for organisations on one side and for future research on the other hand.

The content of this chapter is the following:
6.1 Conclusions of this research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

6.1.1 Research questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
6.1.2 Research conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
6.1.3 Limitations to the conclusion and research . . . . . . . . . . . . . . . . 76

6.2 Discussion on what can be improved . . . . . . . . . . . . . . . . . . . . . . . . 77
6.2.1 Critical Thinking on models and science . . . . . . . . . . . . . . . . . . 77
6.2.2 Discussion on social science and ethical implications . . . . . . . . . . 77
6.2.3 Reflections on the data, improvements and antifragility . . . . . . . . . 78

6.3 Recommendations for future research . . . . . . . . . . . . . . . . . . . . . . . 80
6.3.1 Future research on managerial application . . . . . . . . . . . . . . . . 81
6.3.2 Future research on replication and extension . . . . . . . . . . . . . . . 82
6.3.3 Future research on increasing predictability . . . . . . . . . . . . . . . . 83
6.3.4 Future research in Enterprise Engineering theories . . . . . . . . . . . . 86
6.3.5 Future research in Fundamental Science . . . . . . . . . . . . . . . . . . 87
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6.1 Conclusions of this research

6.1.1 Research questions

The research questions are:
"Can leaders determine if their organisation must be resilient or antifragile? When applicable,

does the “resilient ór antifragile model” support the leadership in determining what change is needed
to achieve a resilient or antifragile organisation?"

6.1.2 Research conclusion

Given the limitations of my research, I can say that:

1. The leaders of an organisation can determine if their organisation must be resilient or
antifragile with the behaviour model (figure 4.4) and the EAAL model (figure 4.5).

2. The EAAL model provides a definition of resilience.

3. The leaders of an organisation are supported in the design of their organisational
change with the attributes of a resilient System-of-Systems as defined in the EAAL
model.

4. The EAAL model provides a definition of antifragility.

5. The leaders of an organisation are supported in the design of their organisational
change with the attributes of an antifragile System-of-Systems as defined in the EAAL
model.

6.1.3 Limitations to the conclusion and research

The EAAL model is limited by that it is a reflection of the available literature.

The EAAL model is limited by that it is based on literature only and is not supported by
validation through experimentation. The literature is limited to what I could find. The inter-
pretation (reflection) of the literature is limited by that an interpretation is always personal.

The EAAL model is limited by that the attributes are not complete and not concise defined.

The list of the attributes in the EAAL model is limited since the attribute’s origin from a lim-
ited set of literature. The literature is limited by an arbitrary selection. The list of attributes
is the result of a creative process of interpretation and summarisation executed by me.

The EAAL model is limited by that it is not supported by proof of causal relationships.

In the studied literature there is no or very little proof of a causal relation between an attrib-
ute and the behaviour of the System-of-Systems.

The EAAL model is the result of my research. My research does not include any ex-
periments to proof a causal relation between a set of attributes and the behaviour of the
System-of-Systems. The interdependence between the attributes in the EAAL model are not
part of my research. This also limits the EAAL model.

See also section 1.3.5 (The goal(s) of this thesis) and 3.1.9 (Limitations of this study).
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6.2 Discussion on what can be improved

6.2.1 Critical Thinking on models and science

. . . on the limits of models

I find it ‘interesting‘ that the result of my research and (hard) work on this thesis is ‘another‘
model. The main reasoning in my thesis is that every model1 is limited by the randomness
of the world. A coach once told me that I eventually would see the omnipresent paradox in
the world and would find infinite pleasure in it.

. . . on the limits of science when humans are involved

The field of Complexity Science2 is relatively young. Complexity Science is also a complex
domain. Complex Adaptive Systems (CAS3) are complex in itself. Humans are unpredict-
able (section 3.1). When humans are added to a system, the system becomes complex. Every
CAS system increases in complexity when humans are added into the system. An organisa-
tion is a type of CAS system that is more complex than other CAS systems.

Organisations are part of the Social Science4 domain. Within science there is a ‘replication
crisis’ (section 3.1). There is no method available to prove causal relations where there are
humans involved. This makes replication studies very difficult when humans are involved.
When replication is not possible, the question of what science is becomes relevant (section
3.1).

6.2.2 Discussion on social science and ethical implications

. . . on the relevance of social science in Enterprise Design

The COVID-19 pandemic accelerated the digital transformation of many organisations (Ians-
iti, 2020). Digital transformation increases the internal and external connectivity of an organ-
isation. These extra connections make an organisation more fragile. The increased fragility
of organisations makes social science more relevant then before.

Another development next to the digital transformation is the adoption of the agile or-
ganisations as being the norm (section 2.3). The agile organisation is a decentralised organ-
isation. The agile organisation is more complex than the reductionistic organisation.

As far as I can see do Enterprise Design and Enterprise Governance not yet support the
agile transformation of the organisation (sections 6.3.3, 6.3.4). Not yet in practise as in theory.
This makes the design and operations of these organisations fragile.

I realise that I know nothing and that I am very limited in experience, skills and know-
ledge. That having said, I think that it is important that we as Enterprise Architects and
Enterprise Engineers are very humble in prescribing an organisation design. We need to
be humble in our perception and communication of what is right and what is wrong. In
our domain there are (many) tools and techniques that are based on a reductionist approach
(Lapalme, 2012, p. 38). Reductionism can be applied to the Simple or Complicated domains
of the Cynefin framework (section 2.9). We know that many of our fellow architects also
apply these tools to Complex domain without these tools providing a holistic and integ-
rated view (Hoogervorst, 2017; Dietz and Hoogervorst, 2011). More on this in the section on
recommendations (section 6.3.3).

. . . on the ethical implications on humans in a fragile system

An antifragile system favours harm (sections 1.5.1, 1.8.2). An antifragile system needs to
have a fragile sub-system to be harmed (section 1.5.2). Organisations include humans by
definition (section 2.2). An antifragile organisation consists of a fragile sub-system that than
probably include humans. When designing or aiming for an antifragile organisation this
results in an ethical dilemma (Taleb, 2012, Chapter 23-24).

1https://en.wikipedia.org/wiki/All_models_are_wrong (Wikipedia contributors - D, 2020a)
2https://en.wikipedia.org/wiki/Complex_system (Wikipedia contributors - D, 2020c)
3https://en.wikipedia.org/wiki/Complex_adaptive_system (Wikipedia contributors - A, 2019i)
4https://en.wikipedia.org/wiki/Social_science (Wikipedia contributors - D, 2020r)
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For an antifragile organisation to gain value, it needs to sacrifice a fragile sub-system
with people in it that have something to lose (skin in the game, section 4.4.4). This is an old
ethical5,6 dilemma also known as "The need of the many outweigh the need of the few . . . "
(Mintz, 2015).

. . . on the ethical implications on the match of organisation design and personality type

Another ethical dilemma is that not every personality type prospers in an antifragile organ-
isation (Kastner, 2017; Markey-Towler, 2018). Kastner stated in a conversation with me that
the antifragile companies he studied replaced their complete workforce over time. I talked
to two companies that embrace Holacracy (Robertson, 2015) which both stated their anti-
fragile enterprise culture and governance is best suited for a specific type of person. They
stated that they are putting a lot of effort into finding the right type of employees.

The ethical questions here are: If the organisation becomes antifragile, is it still the same
organisation as the one before? In section 1.6.5 a similar question is asked from a functional
and constructional point of view. What is the impact of the remark by the two companies
on diversity when knowing that an attribute of a CAS resilient organisation is diversity? Is
there a place for an employee with a non-antifragile personality type in a robust sub-system
of an antifragile employee?

6.2.3 Reflections on the data, improvements and antifragility

. . . on that the EAAL model provides inspiration.

I observed that the EAAL model provided inspiration with the experts and with the practi-
tioners. My inference7 based on this observation is that the experts and the practitioners can
use the EAAL model for discussions on the design of organisations / their organisation.

Based on this observation, I also conclude that the EAAL model can function as a step-
ping stone for further research.

. . . on the awareness of an organisation being a System-of-Systems

An organisation is a System-of-Systems. For me this is a learning experience. Before this
research I looked at an organisation through the lens of it being an organism. The lens
of looking at an organisation as a System-of-Systems is something I learned during the re-
search.

When discussing the behaviour of the organisation with the practitioners it became quickly
apparent they view an organisation as a System-of-Systems. It was part of all the conversa-
tions. In every conversation we discussed that different parts of the organisation should
behave differently.

I did not expect, from my personal development context, that every practitioner already
reasons from a System-of-Systems perspective.

. . . on that causal relations are needed as extension of the EAAL model

Feedback from the experts and the practitioners in the conversations was that the model sup-
ports the design of the organisation by providing a holistic overview. In the conversations
with the practitioners it became clear that an extension of the EAAL model is needed.

The implementation of one or more system attributes in their organisation needs more
insight on the causal relationship between the various attributes. The impact of the opera-
tional change on the organisation needs to be clear. More on this in section 6.3.

. . . on the gathered data

I am very proud of the one negative feedback, since this implied that the conversation was
an open and trustworthy conversation. I think it is very difficult to ‘proof‘ why this the

5https://plato.stanford.edu/entries/utilitarianism-history (Driver, 2014)
6https://en.wikipedia.org/wiki/Utilitarianism (Wikipedia contributors - D, 2020v)
7https://www.merriam-webster.com/dictionary/inference (Merriam Webster, 2020f)
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feedback was negative. See also the previous sections on The replication challenge (3.1) and
Randomness (2.6). This one data-point has no impact on my conclusion of this research,
since the other C-level leaders did find the presented EAAL model relevant.

My personal speculation is that there are certain type of people that just see the world in
different way. It is very good to have this diversity in a leadership team. Another manager
in this same leadership team stated to be very interested in the presented work. Through
the lens of my research I can only endorse this diversity. That I only interviewed one leader
that did not resonate with the EAAL model, also could imply that I unknowingly applied a
bias when selecting the leadership for the interviews. See section 6.3.2 for recommendation
on future research on this.

In retrospect all the feedback was very positive. No big caveats where found or at least
not communicated to me. This overall conclusion is emphasised by the following two ex-
amples: First, one of the experts is going to do his PhD on Complex Systems and Software
Engineering and was very happy with the work presented. Second, one of the C-level man-
agers that I approached is also an expert on Agile organisations and Enterprise Architecture.
I was told that this was a very nice holistic representation of this field that has not been seen
before.

. . . on what could I have done differently

What would I have done differently? Many things, but these are my personal top two.
First, the scope of the research. The topics of antifragility and decentralised enterprise

governance fascinates me for many years and will fascinate me for many more years. My
personal fascination is also the pitfall of my research. For the topic of our master thesis, our
professors told us often : "Smaller is better!"

The topics of "randomness", "reflection of reality", and "how to control by having no
control" are very big topics. This is a big gamble to include as topic for a master thesis. The
broad scope of the topic combined with my personality type of seeking for confirmation and
dyslexia, makes the creation of this thesis a steep learning curve.

Second, I am not content with the rigour of the analysis and selection of the papers. I
could be more thoroughly in the registration and categorisation of the papers. I could have
asked a co-writer to replicate during the research the registration and categorisation. This
would improve the rigour of the research. My research was an emergent and an arbitrary
process. I am proud of the validation and the level of rigour I could reach. The research
could be more concise if there was more focus, time and help.

. . . on antifragility

During the research I gained new insights on the topic of fragility and antifragility. My per-
sonal reflections on the topic of antifragility can be summarised in the following six state-
ments.

1. Antifragile systems can survive in any of the contexts of the Cynefin framework (Chaos,
Complex, Complicated, Simple and Disorder).

2. To thrive in chaos, it is essential to accept there is no real knowledge and understanding
of the current context. The mantra should be: "It is".

3. Antifragile systems thrive in and gain from chaos where in contrast fragile systems
thrive in and by controlled environments achieved by assumption, scoping and pro-
tection.

4. Fragile systems are created by humans. Thus are related to scoping and therefore can
only exist in an artificially created context.

5. There is an inclusive (cumulative) growth path of System-of-Systems from fragile, to
robust and then from engineering resilience and systems resilience to CAS resilience
and finally to Antifragile (see figure 4.4).

6. It is better to rephrase ‘antifragile is the antithesis of fragile‘ into ‘antifragile behaviour
is the antithesis of fragile behaviour of a system‘.
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6.3 Recommendations for future research

The need for CAS Resilience and Antifragility is clear

The COVID-198 pandemic emphasised the importance of resilient organisations.
The financial crisis of 2008 ’sparked’ the Lean Startup9 and the Ideation10 ,11 movement

resulting in the hype of (exiting) tag-lines like ‘innovate or die’ and ‘design to disrupt’.
We can learn from the financial crisis of 2008 and the COVID-19 crisis of 2020 that engi-

neering resilience and systems resilience is not enough for an organisation to survive these
events. Since the Lean Startup and Ideation movement is focused not only on creating a
resilient enterprise construction but also on the adaptable function of the organisation. We
can (re-)learn from 2008 and 2020 that the world is a dynamic place and models of this world
are fragile and we need to design organisation accordingly

For an organisation to survive these big events non-stop reinvention by continuous learn-
ing and continuous adoption is needed. The adoption of the more resilient organisation
design after 2008 could have a positive contribution to the absorption of the impact of
COVID-19. There are various examples of continuous learning in inspiring global coopera-
tion’s on sharing COVID-19 data12,13,14,15.

Reinvention of the organisation has impact on the essence of the organisation. Rein-
vention changes the function and construction of the organisation. Therefore, reinvention
exceeds engineering and systems resilience. Reinvention needs tools, techniques, processes
(etc.) that amplify the variety. Amplification of the variety is needed for Information Sys-
tems and for Organisational Systems. There is much to be done, to guarantee organisations
that non-stop reinvention is possible.

FIGURE 6.1: Innovation by Huber et al. (2017).

Summary of recommendations for future research

1. . . . on managerial application.
First there is need for a next step in bringing the EAAL model to the business organ-
isation.

2. . . . on replication and extension.
Second, there is the need for replication and extension of the EAAL model. Since the
content of the EAAL model is a summary of the available literature, there is a need for
research on completeness and causality.

3. . . . on increasing predictability
Third, there is the need for research on the transition between the predictable and
unpredictable contexts, with the focus on the transition from complex to complicated.

4. . . . on Enterprise Engineering and Antifragile systems.
Fourth, there is the need for future research in the enterprise engineering theories.

8https://en.wikipedia.org/wiki/Coronavirus_disease_2019 (Wikipedia contributors - D, 2020e)
9https://en.wikipedia.org/wiki/Lean_startup (Wikipedia contributors - D, 2020l)

10https://en.wikipedia.org/wiki/Ideation_(creative_process) (Wikipedia contributors - D, 2019a)
11https://en.wikipedia.org/wiki/Design_sprint, (Wikipedia contributors - D, 2020g)
12https://www.rivm.nl/en/novel-coronavirus-covid-19/spread
13https://ourworldindata.org/coronavirus
14https://covidgraph.org
15https://nextstrain.org/ncov/global
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6.3.1 Future research on managerial application

I see two specific ways in which future research could bring business management value in
their aim to become antifragile. First there is the tool of a maturity model, and second there
is the assessment of the existing best practises that label themselves with antifragility.

Future research - Creating a maturity model as a tool for management

Based on the interviews with the various companies there is a need for a growth model that
would include the following steps (Johner et al., 2018, p. 19).

1. Determine SOLL situation.
Use the behaviour model (figure 4.4) to determine which behaviour should be best
fitting to the organisation and fitting to the strategy. This can also be applicable to a
team of four or to a department of various teams.

2. Determine IST situation.
Use the behaviour model (figure 4.4) combined with the System Attributes model (fig-
ure 4.5) to determine which attributes are already present and validate if this results in
the behaviour displayed by the system.

It is for example possible that Redundancy, Modularity and Loosely Coupled are at-
tributes of the system but that the system is not yet capable of combining these into a
systems resilience behaviour. In this case it would be logical to see the system display-
ing Engineering Resilience behaviour.

3. Determine GAP and way forward.
The GAP is in between the IST and SOLL situation. It appears to be logical to define
the three types of resilience seem logical platforms in the maturity model, where anti-
fragile behaviour is at the outer limits of the maturity model.

COBIT and DYA provide tools to gradually improve the organisation on various aspects
(van den Berg et al., 2005; De Haes and Van Grembergen, 2015; De Haes et al., 2019). Both
COBIT and DYA have data that show a positive correlation between the maturity levels and
the effect (De Haes et al., 2015, 2016; Wu et al., 2015; Steenbergen, 2011).

The EAAL model is only a summary of the existing Body of Knowledge. For a maturity
model to be applicable it needs a insight in the causal relations, tools, processes and tech-
niques to facilitate an organisation to mature. The creation of a maturity model is a very
complex endeavour of many years.

What the maturity models as for example in COBIT 2019, DYA and CMMI, have in com-
mon is that it is not optimal to grow to maximum maturity on all the aspects. Situational
application is important to keep in mind when aiming at an certain level from a maturity
model.

As long we do not have fixed the problems around social science (section 3.1), the imple-
mentation of CAS Resilience and Antifragile systems will be based on experimentation and
heuristics.

That having said, I think that having the discussion based on the resilience/antifragile
behaviour and the attributes in itself can bring value to an organisation. Since this discussion
will provide reflection around a shared mental model.

Future research - Implementation of antifragility based on best practises

For Information Systems (IS) there is some guidance based on heuristics on how to be-
come antifragile as for example Chaos Engineering by Netflix (2011), Antifragile Systems
and teams by Zwieback (2014), Antifragile ICT Systems by Hole (2016) and Antifragile Soft-
ware Engineering by O’Reilly (2019). For Organisational Systems (OS) the only practical
guide I could find is Robertson (2015). Large organisations in the Netherlands as the airline
Transavia (in 2018, revenue: 1.61 billion euros16, employees: 200017) and the online-retailer

16https://www.statista.com/statistics/409284/transavia-total-annual-passenger-revenues/
17https://corporate.transavia.com/nl-NL/organisatie/kerncijfers/
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Bol.com (in 2018, revenue: 2.1 billion euros18, employees: 150019) apply Holacracy under the
label of antifragility. Both the antifragile IS and OS approaches are not based on a scientific
coherent understanding but on strong logical reasoning.

Some antifragile attributes from the literature are plotted onto resilient behaviour in the
EAAL model (figure 4.5). The EAAL model enables a more granular validation of the system
attributes and system behaviour.

I would imagine that it makes a difference to a business manager if the implementation of
a set of attributes delivers Systems Resilience behaviour and not CAS resilience behaviour.

This critical thinking can provide business managers sense-making and enable them in a
more informed strategic dialogue and investment decisions.

6.3.2 Future research on replication and extension

In my thesis the concept of replication has an important place. It is my personal conviction
that science which cannot be replicated is not science but a believe. See section 1.4.1, 1.6,
3.1, 4.1, and appendix A for more on replication. I see the following for future research on
replication and extension.

Replication and validation of my literature research

When searching for literature a different person will find different sources. A replication
study could be to search for relevant sources on antifragility as described in section 3.4 and
use the decision tree (figure 4.3) to recreate the EAAL model (figure 4.5). The increase of
variety of used people and sources can improve the quality of the decision tree and the
EAAL model. This is also the reason that I applied CC BY-SA 4.0 as copyright license to my
work.

Replication and validation of my field study

The diversity and number of organisations interviewed is limited. The research would bene-
fit from an increase in diversity of organisations interviewed. The organisations interviewed
are limited to the Netherlands, and lacking sectors like finance, healthcare, the military and
hospitality.

Extension on to the causal relations between the attributes

It is possible that the attributes defined in the EAAL model (figure 4.5) have a causal rela-
tionship with the behaviour type they are linked to. The validation of this was not part of
my research scope. An extension of my research would be to set up experiments that prove
causal relationship between the attributes of the system and the behaviour of the system.

18https://www.aholddelhaize.com/media/8606/190123_aholddelhaize-_q4-trading-statement.pdf
19https://pers.bol.com/app/files/2019/10/Spreekbeurtpakket-bol.com_.pdf
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6.3.3 Future research on increasing predictability

A theory central in my thesis is the Cynefin framework (Kurtz and Snowden, 2003). In figure
6.2 (Future research hypothesise model.) I combined the Cynefin framework and various
theories from chapter 2 (Theoretical background).

FIGURE 6.2: Future research hypothesise model.

The theory from section 2.10 (The Cynefin Framework) states that acting, sensing and
then responding is the right way of behave in a chaotic context. The theory also states that
chaos is subjective, thus by act-sense-respond you are getting aware of what is going on
and can learn in retrospect (see table 2.2). In retrospect the systems within the context can
be identified, but the causal relation is still unknown. Why, when and what something is
happening is unknown. This is also called the "unknown unknowns". Through information,
knowledge, and sense-making20 it is possible to see the complexity in the chaos. The act-
sense-respond and learning is in the transition from chaos to complexity (I in figure 6.2). See
also section 2.4.

Future research - From Complex to Complicated

As chaos is subjective, so is also complexity subjective. When enough knowledge (by ex-
perimentation) is collected, causal relations between systems can be found and proven. This
would create the transformation from complex to complicated (II in figure 6.2).

But chaos theory teaches us with the double pendulum21 and the Lorentz system22, that
a small set of deterministic systems creates a non-deterministic (non-linear) system (section
2.6). This is what emergence is in Hoogervorst (2017) and in the EAAL model (figure 4.5,
section 4.5.2). This implies that insight into the causal relation alone will not be enough for
a complex context to become complicated (II in figure 6.2).

When knowing is not enough and accepting is not an option, then the only way forward
is change. Since chaos theory states that non-linear behaviour is created by the interaction
(feedback) of the systems including an amplification of small deviations, the transformation
from complex to complicated (II) is to be found in the de-coupling of the systems. This can
be done by introducing circuit breakers.

For future research it would be interesting to research how Normalized Systems Theory
(NST) (Mannaert et al., 2016) and Enterprise Engineering (EE) (Dietz and Mulder, 2020; Hoo-
gervorst, 2017) can play a role in the transformation from a Complex Adaptive System (CAS)
into a system in the domain of General Systems Theory (GST) (see figure 6.3). I personally
think that the fusion between Complexity Science, Systems Engineering, Enterprise Engi-
neering and Normalized Systems Theory could be very effective. Since COBIT 5 (De Haes
and Van Grembergen, 2015; De Haes et al., 2015; Wu et al., 2015) and COBIT 2019 (De Haes
et al., 2019) state there is a positive correlation between Business & IT alignment and value
(creation) of an enterprise (figure 6.4), and Hoogervorst (2017) on page 258 and 441 state
that structures are interconnected with behaviour (figure 6.5). This would imply that the
human centred understanding of the essence of an organisation (Dietz and Mulder, 2020)
would provide value for an organisation and that the design and understanding of culture
and behaviour should be an integral part of this.

20https://en.wikipedia.org/wiki/Sensemaking, (Wikipedia contributors - D, 2020q)
21https://en.wikipedia.org/wiki/Double_pendulum, (Wikipedia contributors - A, 2019n)
22https://en.wikipedia.org/wiki/Lorenz_system, (Wikipedia contributors - C, 2020q)

c©CC BY-SA 4.0 – Version: v1.0 20200514 Edzo A. BOTJES – https://gitlab.com/edzob/antifragile-research

https://en.wikipedia.org/wiki/Sensemaking
https://en.wikipedia.org/wiki/Double_pendulum
https://en.wikipedia.org/wiki/Lorenz_system
https://gitlab.com/edzob/antifragile-research


84 Chapter 6. Conclusion & Discussion

A research topic could be:
Is it possible to design an organisation on a constructional level by applying DEMO and incorporat-
ing Game Theory23,24?

Another research topic could be:
Is it possible to combine the Complexity Science and Software Engineering methods described by
O’Reilly (2019) with Normalized Systems Theory to achieve highly frequent adaptive self-evolving
software?

FIGURE 6.3: Cynefin, CAS and GST by Turner and Baker (2019) p. 16.

23https://en.wikipedia.org/wiki/Complex_system (Wikipedia contributors - D, 2020c)
24https://en.wikipedia.org/wiki/Game_theory (Wikipedia contributors - D, 2020i)
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FIGURE 6.4: Governance Framework (De Haes and Van Grembergen, 2015,
p. 2, 12).

FIGURE 6.5: Morphogenic social system and enterprise behaviour models
(Hoogervorst, 2017, p. 258, 441).
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6.3.4 Future research in Enterprise Engineering theories

In the previous sections the focus of my proposals for future research on replication and ex-
tension is aiming on improvement of the research itself, and the proposals for future research
on managerial application and increasing predictability aims for more business impact. For
this section I am addressing a more fundamental question.

I have learned that resilience can be achieved by reducing (attenuate) the variety, or by
amplifying the variety in a system. I also have learned that the learning organisation is a
mandatory part of the systems to be resilient. If the system cannot learn, it is not able to
adapt and therefore it is robust or even fragile. If a system does not evolve in the long term
it dies.

I think that Enterprise Engineering as a discipline should be able to be applied/used to
design resilient and even antifragile systems. The following three arguments of Enterprise
Engineering brought me to this assumption.

First Enterprise Engineering identifies an enterprise as an intentionally created Com-
plex Adaptive System (CAS) consisting of cooperating human beings with a certain social
purpose, whereby it is impossible to determine the ultimate (operational) reality of the enter-
prise down to the minute details (Dietz et al., 2013, p. 93-94). Second, Enterprise Engineering
defines the following three goals for itself: (1) intellectual manageability, (2) organisational
concinnity, and (3) social devotion (Dietz and Mulder, 2020, Chap. 2; Dietz et al., 2013, p.
90). Third, in Hoogervorst (2017) it is stated that human behaviour has a large role in the
functioning of a system (see section 6.3.3).

It can be argued the learning organisation and the other system attributes from the EAAL
model (figure 4.5) should fit in the Enterprise Engineering discipline goals and definitions.

After reading the separate Enterprise Engineering theories as preparation for section 2.11
(Enterprise Engineering) and re-reading them in Dietz and Mulder (2020) I did not find it ar-
bitrary to make the mapping between the Enterprise Engineering theories and the Resilient
and Antifragile System Attributes (figure 6.6).

A research topic could be:
Is it possible to design an antifragile organisation or an CAS Resilient organisation by applying the
Enterprise Engineering discipline? Let the matrix as visualised in figure 6.6 be the first check if the
toolbox of Enterprise Engineering provides the right tools for the job.

In the case that the existing Enterprise Engineering theories are not sufficient to design
an antifragile enterprise, then a possible follow up research could be:
Develop the Eta-B (ηB)25 theory to design to the Enterprise Antifragile Behaviour.

25https://en.wikipedia.org/wiki/Eta (Wikipedia contributors - D, 2020h).
The Greek capital letter Eta (h) is used for Entropy (section 2.7).
The Greek letter Eta (η) is used for viscosity (section 1.6.6)
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FIGURE 6.6: Can Enterprise Engineering be used to design Resilient and
Antifragile System-of-Systems?

6.3.5 Future research in Fundamental Science

The Complexity Science field, and systems thinking discipline do not believe that scientific
management and the reductionistic26 way is a "correct" way to describe the world.

In the various books of Enterprise Engineering this is also addressed. In Enterprise En-
gineering (EE) the current living philosopher Habermas27 provides the basic foundation for
the EE lens to look at the world.

There are two future studies that I see in this. I placed them below in order of magnitude.

Future research - Where do emotions fit in structuralism and post-structuralism?

Barry (2002) addresses various theories on how a text can be analysed and the relation to
the view on the world. Chapter 2 of Barry (2002) contains a summary on structuralism28

and in chapter 3 a summary on post-structuralism29 is provided. Structuralism is also called
constructionism30. Post-structuralism is also called deconstructionism31.

Structuralism sees meaning in words and the relationship in words, and states that what
is written also that is what is true reality in the world. Post-structuralism states that the
world is not that universal deterministic. "Post-structuralism discards the idea of interpret-
ing media or the world within pre-established, socially constructed structures." (Wikipedia
contributors - D, 2020o).

I see similarity between the method of analysing a text as described in chapter 2 of Barry
(2002) on structuralism and the approach that is taught in DEMO32 on how to create an
Organisation Construction Diagram (OCD) (Dietz and Mulder, 2020, Chap. 12). To create an
OCD, it is needed to identify three categories, the O-organisation, I-organisation and the D-
organisation, in the relevant text that describes the scope of the OCD. See also the A theory
in section 4.47 in Dietz and Mulder (2020).

I also see similarity in the way of encoding as in the way of identifying functions defined
in a text and normalise them in the context of Normalized Systems Theory.

26https://en.wikipedia.org/wiki/Reductionism (Wikipedia contributors - B, 2020d)
27https://en.wikipedia.org/wiki/Jurgen_Habermas (Wikipedia contributors - D, 2020j)
28https://en.wikipedia.org/wiki/Structuralism (Wikipedia contributors - D, 2020s)
29https://en.wikipedia.org/wiki/Post-structuralism (Wikipedia contributors - D, 2020o)
30https://en.wikipedia.org/wiki/Constructivist_epistemology (Wikipedia contributors - D, 2020d)
31https://en.wikipedia.org/wiki/Deconstruction (Wikipedia contributors - D, 2020f)
32Fun fact: Jürgen Habermas is referenced on the wikipedia page of Structuralism as ‘Critical theorist Jürgen

Habermas’ and on the wikipedia page of Postmodernism as ‘pragmatist philosopher Jürgen Habermas’
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Enterprise Engineering is based on textual input and you can even argue that it is best
applied in a legal context.

As discussed before, it is my believe that there is something crucial with the element of
human behaviour in the behaviour of enterprises. A friend of mine teaches neuropsycho-
logy33 at a Dutch university. He stated the following when I create a picture of a resilient
organisation by drawing circles:

‘. . . it is funny how you draw the organisation sub-systems as circles. It is my
view that the space between the sub-systems are emotions. The difference between
a system that performs and a system that does not performs is not only about
communication, it is about more, it is about emotions. Emotions might be the
x-factor.’

Research by Google also points in this direction. Their research is made available via
their project Re:Work34,35,36,37. Their studies resulted in the Modern Agile38 approach. The
summary of their research is that the best performing teams (High Performance Teaming)
are also the teams where the team members experience the highest psychological safety.

Emotions is a much broader topic than psychological safety. I am convinced this is a very
big part missing in the disciplines of Enterprise Engineering, Enterprise Design, Enterprise
Architecture and Enterprise Governance.

The role of Emotions in the previously named disciplines is not an easy topic, since it
combines philosophical questions (see figure 6.7), with the practical questions on how to
design, with the highly experimental domain of other social sciences (psychology and neuro-
psychology). Design and implementation can not be blindly separated in this.

A research topic could be:
Where is the role of emotions in Systems Theory39 (as part of Complexity Science) and how can this
be applied to organisational design?

FIGURE 6.7: Fundamental philosophical assumption extended (Hoogervorst,
2017, p. 197).

33https://en.wikipedia.org/wiki/Neuropsychology (Wikipedia contributors - D, 2020n)
34https://rework.withgoogle.com/print/guides/5721312655835136
35https://rework.withgoogle.com/blog/five-keys-to-a-successful-google-team
36https://rework.withgoogle.com/guides/understanding-team-effectiveness/steps/introduction
37https://rework.withgoogle.com/about
38http://modernagile.org/
39https://en.wikipedia.org/wiki/Systems_theory (Wikipedia contributors - D, 2020u)
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Future research - Fix the replication crisis for Social Sciences

This is a subject for a PhD study that would possibly take multiple lifetimes to complete and
doubtful if it is even possible at all.

As argued in section 3.1 (The replication challenge), the replication crisis within psychology
and economics is also applicable to all social sciences including Enterprise Architecture, En-
terprise Engineering and areas of Complexity Science. I think that the human factor is one
of the reasons or probably ’the reason’.

We have made great steps in the field of social science compared to 100 years ago. We
applied psychology in business via popular science via books as ’The Tipping Point’ (Glad-
well, 2001), and in ethical questionable professions as Neuromarketing40. It is amazing how
far we are now and we are not even able to replicate studies that we used as basis for our
current achievements.

It would be amazing if we would find out how to fix the replication crisis that most if not
all fields of science are dealing with. For this I even don’t know where to start in formulating
a question, topic or statement.

40https://en.wikipedia.org/wiki/Neuromarketing (Wikipedia contributors - D, 2020m)
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Appendices

FIGURE 6.8: A letter-board on the mantelpiece at our home.
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A Appendix - Why Antifragile -
My personal why

A.1 My motivation for this thesis, a journey

For me there are two main pillars that motivate me to choose antifragility as topic for my
master thesis.

Pillar 1 - decentralised governance When I was young (8-12) i loved to read about Ga-
lileo Galilee1, Isaac Newton2 and Leonardo da Vinci3. These three scientists where able to
study nature by writing down observations and then imagine a model that would explain
their observations.

Leonardo designed gas-masks, helicopters, encryption, sewage systems and created beau-
tiful inventions4 and paintings such as the Mona Lisa5. Newton his principia6 mathematica7

is incredible value to the field of science. Galileo proved that gravity is about acceleration
and stated that the earth is not the centre of the universe for which he got imprisoned.

My religious upbringing highly motivated me to study the creation of the things around
me, since this reality we live in is a great work of art. I was thought that studying the creation
was equal to studying god and that this would be enlightening.

This motivated me to continue and go deeper into the observational studies of the old
scientists and start reading about the things we can not see directly. I started with reading
Stephen Hawking for a school-paper on Black Holes I wanted to write. This was when I was
11 years old. Stephen Hawking8 introduced me to work of Albert Einstein9 and Richard
Feynman10. Through their stories I understood that the world is not best described as a
precise mathematical formula like Galileo, Newton and da Vinci stated. This new group of
scientists wrote that reality is strange and random.

Hawking wrote for example that out of nothing two particles could just popup and dis-
appear into another (annihilation11). Except when it happens near the event horizon of a
black hole, then one particle has a higher chance than the other type of particle to be sucked
into the black hole, making a black hole lose matter. In nature random stuff just happens is
what I took away from Hawking12.

“Not only does God play dice, but... he sometimes throws them where they
cannot be seen. “ - (Hawking and Penrose, 2000)

Feynman wrote about strange elements that build the universe (quantum electrodynam-
ics13 and quantum gravity14). He wrote that things could be there and not there, being a

1https://en.wikipedia.org/wiki/Galileo_Galilei (Wikipedia contributors - A, 2019o)
2https://en.wikipedia.org/wiki/Isaac_Newton (Wikipedia contributors - A, 2019o)
3https://en.wikipedia.org/wiki/Personal_life_of_Leonardo_da_Vinci (Wikipedia contributors - C,

2020u)
4https://en.wikipedia.org/wiki/Science_and_inventions_of_Leonardo_da_Vinci (Wikipedia contribut-

ors - C, 2020x)
5https://en.wikipedia.org/wiki/List_of_works_by_Leonardo_da_Vinci (Wikipedia contributors - C,

2020p)
6https://plato.stanford.edu/entries/newton-principia/ (Smith, 2007)
7https://plato.stanford.edu/archives/win2008/entries/newton-principia/ (Smith, 2008)
8https://en.wikipedia.org/wiki/Stephen_Hawking (Wikipedia contributors - B, 2019s)
9https://en.wikipedia.org/wiki/Albert_Einstein (Wikipedia contributors - A, 2019a)

10https://en.wikipedia.org/wiki/Richard_Feynman (Wikipedia contributors - B, 2019m)
11https://en.wikipedia.org/wiki/Black_hole_information_paradox (Wikipedia contributors - A, 2019e)
12http://www.hawking.org.uk/does-god-play-dice.html (The Stephen Hawking Foundation, 1999)
13https://en.wikipedia.org/wiki/Quantum_electrodynamics (Wikipedia contributors - B, 2019j)
14https://en.wikipedia.org/wiki/Quantum_gravity (Wikipedia contributors - B, 2019k)
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particle and energy, that it was impossible to know because knowing would change it, etc.
Reality is strange and non-deterministic is what I took away from Feynman15.

“given an arbitrary accuracy, no matter how precise, one can find a time long
enough that we cannot make predictions valid for that long a time.“ - (Feynman
et al., 1963)

In order there is beauty but there is also beauty in disorder. The scientists from the era
of Newton wrote that there is beauty in the simplicity and symmetry of mathematical equa-
tions that define the world. Later on scientists write down that there is beauty in quantum
mechanics because it introduces non-deterministic uniqueness to the world. I find it funny
that some people in the world like to have order in everything, and I am convinced that
the Dutch and Japanese culture are a very typical example of this need for (discrete) order,
and on the other side there are people in the world that accept that stuff just happens and
that you need to except this. This paper is my journey in the acceptance of the chaos and
unpredictability around us and the way how to accept this and organise accordingly. Or as
I used to coin when I was a student ’You can not fight a tornado.’.

This is also why I love lectures of Jan Hoogervorst16 and his vision on Enterprise Engi-
neering. What I took away from Hoogervorst is that we need to focus on the people around
us and that stuff just will happen.

When I was young we at home had a computer with Internet at 1993, and thus from my
12th I was able to browse the internet. I loved the connection with all the knowledge on-
line. The idea that information is now for everybody on the globe really connected with me.
The concept that knowledge how to purify water, how to increase the crop yield, or how to
create paracetamol was now not limited by companies and politics, but available to people
everywhere in the world makes me happy every time I think about it. The previous sentence
also reflects my personal distaste with authorities. This is also the reason for me not fully go
religious, since how could one person explain with full confidence how the world works?
We are all formed by the things we have experienced. That is how we write things down,
how we read things and interpreted them. Even the brilliant minds of the previous scientists
where every time reaching new levels of inside and had real big problems in conveying their
ideas to the people around them. Galileo was even burned alive because people around him
could not understand or accept the ideas he communicated.

Information is free and available to everyone, so the way of reasoning for people has
to change. there is no superior intellect any more, nobody is subject matter experts after
finishing an education on that topic. What is true, what is right, what is reality has changed
fundamentally in our world after the introduction of the internet.

The free information, communication and even free knowledge sparked innovation around
me during the period of 1999-2006. People at the university created the most beautiful soft-
ware solutions cooperating globally. We used to collaborate via Bulletin Board Systems17

and later on via IRC channels18. For the IT nerds in the period of 1993-2003 remote work-
ing was the normal. This trend of the power of the network continued over the years. The
creation of open source by Richard Stallman19 is in my opinion after the invention of the
Internet the biggest force in creating the current technological innovations. Stallmans’ ideas
enabled knowledge to multiply and spread and so accumulating more and more value.

I am a strong believer in open source. This aligns with my conviction is that people
should help each other to have a better life. It is strange to keep inventions to yourself
when you needed others to create you invention. Nobody invented from scratch something.
We are all standing on the shoulders of giants and should be humble about that. The only
nuance in this I found in something written by Nietzsche that states that not everybody can
see as far. My believe is that with over 7 billion inhabitants in the world and knowledge
being free available, then chance is very slim that your view is very unique is approximately
zero. This was even the case before the internet when the printing press and the microscope

15(Feynman, 1662)
16https://en.wikipedia.org/wiki/Jan_Hoogervorst (Wikipedia contributors - C, 2020n)
17https://en.wikipedia.org/wiki/Bulletin_board_system (Wikipedia contributors - A, 2019f)
18https://en.wikipedia.org/wiki/Internet_Relay_Chat (Wikipedia contributors - A, 2019s)
19https://en.wikipedia.org/wiki/Richard_Stallman (Wikipedia contributors - B, 2019n)
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where invented at different places at the same time. Coining knowledge or an invention for
yourself and only yourself is disrespectful to life and the universe.

The network as a structure became also part of organisations (agile). In agile I recognised
the rice of the network organisation and the acceptance of decentralised control. Most literat-
ure about organisation design was focused on hierarchy and not on Autonomy, purpose and
mastery. The lack of design patterns to support decentralised control was also not available
in field as Human Resource Management, Psychology, Enterprise Architecture. Most com-
panies operated from a command & control structure. Thus we also learned to put people
to work in this frame.

During my period as a student (1999-2006) I made a few connections. I notices that data-
base design was all about writing down relations. I noticed that matter was not matter, but
just a state of energy in a certain place, but all mater was connected since it all was energy. I
noticed that knowledge is not controlled by an institute but is free for everybody (informa-
tion anarchy or democratisation of information). I noticed that with the mathematical work
of Dijkstra20 we could use the power of graphs as a representation of the world (just as route
planners do). And that when everything is becoming more connected, then we will see more
and more innovation, disruption and not by design, but just because it happens. Since the
world is not a logical chain of Boolean equations anymore but a chaotic system of energy
that is full of feedback loops, chaos is inevitable.

I learned later that this observation is combined in the term of living in a VUCA21 world.
The impact of this is the following:

You as a company or organisation can not control any more what people do, and what
happens in your context.

Random stuff will just happen.

When I read the book the black swan from Taleb it was phrasing what I also knew: ob-
servations are not enough to predict and model the world. This made me a bit sad because
this would mean the end of doing science like my big heroes, but also happy because it
resonated more with my sole and expressed my dis grief with people that want to create a
financial model of the world to control the live of others (insurance, mortgages, investments
etc).

When I read the book antifragile from Taleb it kindled a spark inside of me. I already
read a few things in this area like the s ’Teampark’ (Brugman et al., 2010) and ’Schitterend
Organiseren’ (Hoogendoorn et al., 2006). Now Taleb wrote down what I already was feeling.
We as a people need to harness the concept of antifragility to survive in this world that keeps
on increasing in unpredictability and volatility. This book made me happy because it showed
light at the end of the tunnel. It showed a way to create a stable place in an unstable world.
How to become zen in a chaotic context.

The impact of this is big. If we learn how to organise companies to be antifragile the
impact will be huge on the happiness of people. Most people work at a company and most
companies are designed from a command & control structure perspective. Within these
companies work is decomposed into small meaningless work packets for the employees
to execute. This is called efficiency. In Europe there as a period that lean and Six Sigma
where the high point of the Taylorism22 way of optimising processes within companies. By
optimizing the work the real reason (the goal) of the work is removed from the process.
People are positioned to do their work as a small piece of a clockwork. Charlie Chaplin
created a very nice film on this topic called "Modern Times23". The Dutch version of this
film "Glass24" is also a great example of this production facility state of mind.

By designing enterprises and software from a decomposition and process optimisation
point of view we achieved that most enterprises and software are effectively designed to
torture people.

20https://en.wikipedia.org/wiki/Dijkstra’s_algorithm (Wikipedia contributors - A, 2019m)
21https://en.wikipedia.org/wiki/Volatility,_uncertainty,_complexity_and_ambiguity (Wikipedia

contributors - B, 2019t)
22https://en.wikipedia.org/wiki/Scientific_management (Wikipedia contributors - B, 2019q)
23https://en.wikipedia.org/wiki/Modern_Times_(film) (Wikipedia contributors - B, 2019f)
24https://en.wikipedia.org/wiki/Glass_(1958_film) (Wikipedia contributors - A, 2019p)
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This is why I think that antifragility is relevant for the field of organisational design.
Since we need a different field of design that can cope with the VUCA world around us,
and the lack of purpose, mastery and autonomy is also part of the design philosophy behind
antifragile. The process decomposition, the optimisation based on value measuring is the
movement that triggered Taleb to look critical at how the design models and how we design
companies.

We need an answer on how to design organisations that are build around decentralised
autonomous units, and in such a way that people are happy and inspired to change with an
positive attitude when strange stuff happens around them.

to summarise: when the world is becoming more networked (organisations, information,
transportation) etc., the world is becoming more VUCA and then we need an antifragile
organisation design to deal with it.

“If you do not expect the unexpected, you will not recognise it when it arrives.“
- Heraclitus

Pillar 2 - science == hypothesis, experiment, repeat The second pillar is about science.
As stated my big hero’s are Galileo, Newton and da Vinci. I even have a replication of the
famous self portrait of Leonardo at our kitchen wall. I believe in that reality is something
else then the models we create. There are so many smart people and eloquent people out
there that I can get myself to trust the reasoning of a person, I need to see it with my own
eyes. This is why I could not become a big fan of Einstein, Hawking and Feynman because
even their brilliant work it is so hard to see and validate if they are right. and this is perhaps
just a matter of time, it took a few years before we could validate the existence of planets that
Galileo and newton predicted. and it took a few years to create an atomic bomb or detect a
black hole.

But until we can validate a theory and repeat the observation, until that time it is just a
theory.

In computer science it is often possible to replicate a theory by just writing the algorithm
yourself or by executing a load test to validate the Big O prediction of the algorithm. But
when we enter organisation design, psychology and also the field of enterprise architecture,
I was confronted by nothing else then theories. In a podcast of "Piece of red-meat"25 it was
stated that many research in science appeared to be proven by p-hacking, and could not
be replicated. This triggered me a lead me to a podcast by "Your Not So Smart"26 and an
article published in Science (Open Science Collaboration et al., 2015) on a research27 of 20+
international research-groups that collaborated (via the Open Science Framework platform)
to individually trying to replicate the ego study, and failing.

This was striking a nerve with me. How could we call something science if we could not
replicate it? in physics we build global radio dishes, or a Large Hadron Collider28 to proof
theories. Galileo threw metal balls from the tower of Pisa to proof his ideas of gravity. Why
did we not do this in psychology or organisational design? Or better yet, why could we not
replicate the ego-study amongst other studies.

If it is not possible to replicate the outcome of an experiment, then the theory that de-
pends on the outcome is not good enough.

I had this discussion when I was a student with many other students. Most fellow stu-
dents that studied psychology "just" took a few interviews to base their theory on. In those
days I found this so very difficult to understand, and 10 years later I learned that the same
is common practice in the field of Enterprise Engineering that I love so much.

And the impact of nudging is disputable, but the impact of the organisation design,
where people work together more hours per day then they see their significant other has
at least a big impact on the lives of people.

For me it is difficult to accept that everything we do in Enterprise Governance, Enterprise
Architecture and Enterprise Engineering is without causal proof. Here and there we might
have some meta studies about some kind of correlation between some high level indicators,
but basically we have no idea what we are doing and why.

25(Hakhverdian, 2018)
26(McRaney, 2017)
27(Holcombe, 2016)
28https://en.wikipedia.org/wiki/Large_Hadron_Collider (Wikipedia contributors - B, 2019c)
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During my research on this topic, I experienced how difficult it is to define at least one at-
tribute of antifragility, and find a way to observe/measure it in a way the hints at a causal re-
lationship. Even defining some measurements that would not affect the study object (thank
you Schrödinger for messing up our view on measurements), and might hint at some correl-
ation is very difficult. This is a field that might be to challenging for me.

So my two pillars or ’holy grail’ are

1. Govern and design decentralised autonomous organisations that can survive in this
VUCA world by making use of antifragile design patterns

2. create an addition to the existing Body of Knowledge that brings the field one step
closer to scientific theories that can be validated and replicated.

The relevance of finding a solution to black swan problem

My experience in business and IT with over 25 companies provides me with a large quantity
of examples of models that are created based on correlation in the observation and are mis-
used as causal or deterministic models. The most recent example of this is the hype around
Machine Learning (O’Neil, 2016).

My field of work is that of Enterprise and Solution Architecture. The aim of the discipline
of Enterprise Architecture is to provide a coherent set of models to guide an organisation
during their change activities. See also section 2.12 (Enterprise Architecture). But since most
models were created by observations and therefore these models are fragile for things that
happen in reality.

I prefer implementing project based on experience of people in the company where the
models are used to support internal communication. This would limit the risk since practical
experience trumps theoretical knowledge (Taleb, 2007).

I am very reluctant in implementing organisational and IT changes through projects
whose design is purely based on models. Since this would result in creating a fragile or-
ganisation or IT solution for my clients.

For example: implementing the scaled agile model of Spotify, a company with 30 teams,
at a big organisation of 300+ teams is, in my opinion, a risky endeavour. Since you create a
very large organisation that is fragile to a black swan event, and the costs of this black swan
and time needed to recuperate is at the scale of 300+ teams many times higher then at the
scale of 30 teams. This is why the work of Taleb is relevant for my work and has led to the
topic of my thesis.

A small addition to the existing Body of Knowledge.

My original goal was to find an existing model that would define how to create/design an
antifragile organisation. I could not find this existing model or methods. I could also not
find a shared definition on what antifragility is, and how to become antifragile. This also
made it impossible to replicate and evaluate an existing study on designing an antifragile
organisation.

There are various papers and a few master theses that provide a collection of attributes
of a system that are needed to become resilient or even antifragile. See also section 3.4 (Lit-
erature review). One of the observations made is that every paper and thesis is referencing
supportive papers from other domains, but there is not that much overlap in referencing
other work on antifragility.

I provide in Appendix C a highlight selection from the existing Body of Knowledge. In
section 1.8 (Examples of the application of antifragility) I provide some examples from the
Body of Knowledge on the creation of antifragile systems.

Since the field of antifragility is very young I am able to include a large portion of the
available Body of Knowledge in my thesis. My hope is that by making this research publicly
available, other researchers are able to add to the collected Body of Knowledge and extend
on the summary I present in this thesis. See also section 3.6 (Applied research tooling and
infrastructure).

In retrospect I am proud of the work done, thankful for have been given this opportunity
and humbled by how strange and complex the world is.
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B Five page Executive Summary

An enterprise is an intentionally created Complex Adaptive System (CAS) consisting of co-
operating human beings with a certain social purpose, whereby it is impossible to determine
the ultimate (operational) reality of the enterprise down to the minute details (Dietz et al.,
2013, p. 93-94). A CAS is a type of a non-linear dynamical system in the field of Complex-
ity Science and Systems Engineering (Lansing, 2003). Most, if not all, enterprises operate
in a context which is described as Volatile, Uncertain, Complex and Ambiguous (VUCA)
(Hutchins, 2018; Mack et al., 2015; Bennett and Lemoine, 2014b,a). Black swans (or X-events)
are defined as an stressor events in the VUCA domain that have a disruptive impact on a
fragile and robust system and are non-predictable (Taleb, 2007; Casti, 2012; Hole, 2016, p.
14).

B.1 Staying relevant as an enterprise

The goal of an enterprise is to remain significant for its stakeholders. Stakeholders are own-
ers, employees and consumers (Op’t Land et al., 2008, p. 10, 13). The challenge for enter-
prises is to stay relevant in the current VUCA world and regain their ‘value‘ after being
disrupted by a black swan stressor event.

B.1.1 Antifragile: Staying relevant as an enterprise in a VUCA world

Nassim Taleb provides in his book "Antifragile" (2012) a way of thought that there is an or-
ganisation implementation which enables an organisation to gain value from the exposure
to (outside) stressors. Antifragile organisations are placed within the domain of CAS (Ken-
non et al., 2015). An organisation is a System-of-Systems (SEBoK, 2019; Senge, 1990; Taleb,
2012). An Antifragile organisation is a System-of-Systems that contains at least one fragile
and one robust system. Taleb provides numerous examples and principles of antifragility.
Taleb reasons that an antifragile organisation is the only way to survive a black swan event
and therefore is mandatory to stay relevant in a VUCA world (Taleb, 2012).

B.2 The triad: fragile, robust and antifragile

Antifragile is the antithesis of fragile. Antifragile is the concept of gaining value from expos-
ure to stressors. Fragile is the concept of losing value from exposure to stressors. The concept
of stressors having no effect on the value is called robust. Fragile, robust and antifragile form
together a triad (Taleb, 2012, p. 34; Gorgeon, 2015, p. 3; Hole, 2016, p. 7). Resilience is used
in overlap with antifragility and robust systems. There is no clear definition of resilience.
In this study we use the definition of resilience given by Martin-Breen and Anderies (2011).
Resilience is placed in between robust and antifragility (see figure B.1).

B.3 Fragile, robust and antifragile are behaviours on stress.

Fragile systems behave concave & antifragile systems behave convex in value as response
to volatility and stressors (see figure B.2) (Ghasemi and Alizadeh, 2017, p. 24). Robust sys-
tems are ignorant to volatility and stressors. Fragile, robust and antifragile is behaviour of a
system that is defined by the value as output where stress is provided as input of the system.
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FIGURE B.1: Fragile, Robust, Antifragile and Resilience.

B.4 Resilience is behaviour in time.

Resilience is a type of a system between being a robust system and an antifragile system
(Taleb, 2012, p. 17; De Florio, 2014, p. 838; Aven, 2015, p. 477; Gorgeon, 2015, p. 4; Ghasemi
and Alizadeh, 2017, p. 23; Passos et al., 2018, p. 7). Resilience is the behaviour of a system
expressed in the value over time after an stressor event (see figure B.2). For resilience we
adopt the definition provided by (Kastner, 2017, sec. I.2.2) and (Martin-Breen and Anderies,
2011, p. 5).

1. Engineering Resilience is the behaviour of a system where the function and the con-
struction of the system stays the same over time.

2. Systems Resilience is the behaviour of the system where the function of the systems
stays the same over time, the construction of the system may change.

3. Complex Adaptive Systems Resilience is the behaviour of the system where the func-
tion of the system may change and the construction of the system may change over
time.

FIGURE B.2: Fragile systems behave concave to stress.
Antifragile systems behave convex to stress.

Robust systems are ignorant to stress.
Resilience sits between robust and antifragile.
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B.5 Research on the definition of Antifragility

Since 2012 many articles, research papers, master theses and books were published on the
topic of antifragility. The definitions in the literature of antifragile and resilience overlap.
Most of the literature reasons which attributes might play a role for a system to be antifragile,
or how the concept of antifragile can add value to a specific domain. Some of the existing
research prescribe design activities on how to create antifragile software as a specific system
domain (O’Reilly, 2019; Zwieback, 2014; Wikipedia contributors - A, 2019g).

I did not find a clear set of attributes on how to design an antifragile organisation. I did
not find a clear overall set of attributes applicable to an antifragile system. I provide in this
thesis an overview of the attributes that a resilient and/or antifragile system needs to have.

B.5.1 Research Question

The research questions are: "Can leaders determine if their organisation must be resilient or anti-
fragile? When applicable, does the “resilient ór antifragile model” support the leadership in determ-
ining what change is needed to achieve an resilient or antifragile organisation?"

B.5.2 Research Method

This research applies the triangulation method and consists of the following steps (figure
B.3).

1. Create a model based on existing literature.

2. Validate the model with experts.

3. Validate the model with practitioners.

FIGURE B.3: Conceptual Research Model.
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B.5.3 Research step one - Create a model based on existing literature

Most papers on antifragility discuss the theoretical application of the antifragile concept.
Most papers on antifragility combine resilience and antifragility in their list of attributes of
an antifragile system. During this research a holistic model is created. This model is created
by grouping the attributes found in the literature applying a decision-tree. Followed by
summarising (normalising) the attributes per created group.

I have created the decision-tree by combining the three types of resilience provided by
Martin-Breen and Anderies (2011), the 5th discipline defined by Senge (1990); Flood (1999),
Requisite Variety as defined by Ashby (1958); Hoogervorst (2015) and the definition of anti-
fragility as provided by Taleb (2012). This results in the model visualised in figure B.4.

FIGURE B.4: Applying Variety Engineering
to attributes of a resilient and antifragile system-of-systems.

B.5.4 Research step two - Validate the model with experts

The validation of the model is done by applying two methods. Method one is approaching
various experts in one-on-one conversations and use the feedback to improve the model. Ex-
perts from the field of Enterprise Engineering (51) and of Antifragility (52) where involved.
Method two is presenting the model to a group. The model was presented to two differ-
ent groups. One group of three3 Enterprise architects and one group of ten4 Enterprise
Architects. Since the literature offers no concrete guidelines on methodology, models and
definitions, this double loop method is used to ensure that the model is consistent and not
contrary to existing models and theories. By involving the Enterprise Engineering and Anti-
fragility experts the double loop ensures that the model is a realistic representation of the
existing view on resilient and antifragile organisations.

B.5.5 Research step three - Validate the model with Practitioners

The model has value when it can be applied. Application of the model in the organisation
domain is done by leadership that has the authority to (re-)design organisations. Therefore
the validation of the application of this model needs to be done with leadership in organisa-
tions. This research applied interviews with five leaders separately and one interview with
a group of two. The organisations were two in aviation, one in retail, one government, one
NGO and two universities.

1HM, HN, AvdH, BN, MvD
2BO, NvL, DK, DvH, CvH
3MvS, TE, HN
4MvS, TE, AvdH, MA, WdN, WdB, YC, PA, RK, MB
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B.5.6 Research result

This research adds to the current Body of Knowledge:

1. A model (figure B.1) that provides an overview of the three types of resilience posi-
tioned between robust and antifragile, so that behaviour of the system-of-systems can
be identified.

2. A model (figure B.4) that provides a definition of antifragility and the three types of
resilience.

3. A process of validation by experts that can easily be replicated.

4. A process of validation of application that can easily be replicated and/or extended to
other application domains.

This research adds to the organisations:

1. the ability to discuss and identify the behaviour that they see indispensable for their
organisation.

2. having a discussion and analysis of the attributes in the organisation, including the
sub-systems in the organisation.

B.6 Conclusion

Within the limitations of the research, the created model provides a definition of Antifragility
based on the available Body of Knowledge. This model provides insight into which attrib-
utes are relevant for a resilient system-of-systems and which attributes are relevant for a
antifragile system-of-systems. The model provides inspiration with experts and practition-
ers. This model serves as a stepping stone for further research and discussion about the
design of an organisation.
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C Appendix - Antifragile literature
Highlights

introduction

This selection of research has been highlighted since it provides a nice overview of the anti-
fragile Body of Knowledge.

Each of these are a pleasure to read.
The combination of the work below do not create a complete overview of the field of anti-

fragility. In defence of the highlighted work, this is also the case for all work on antifragility
combined. See also section 3.1.7.

C.1 Books

1. Antifragile: Things That Gain from Disorder (Taleb, 2012).

2. The Black Swan: The Impact of the Highly Improbable (Taleb, 2007).

3. Anti-fragile ICT Systems (Hole, 2016).

C.2 Master Thesis

1. Antifragile Organisation Design: A framework of Self-Organisation practices in today’s
complex and unpredictable economy (Kastner, 2017).

2. To Master Disaster: How SME managers can thrive and benefit from economic crises
(Henriksson et al., 2016).

C.3 Papers

1. Antifragility analysis and measurement framework for systems of systems (Johnson
and Gheorghe, 2013).

2. Anti-Fragile Information Systems (Gorgeon, 2015).

3. An alternative view to assessing antifragility in an organisation: A case study in a
manufacturing SME (Kennon et al., 2015).

4. On some recent definitions and analysis frameworks for risk, vulnerability, and resili-
ence (Aven, 2011).

5. The risk concept—historical and recent development trends (Aven, 2012).

6. The Concept of Antifragility and its Implications for the Practice of Risk Analysis
(Aven, 2015).

7. No More Snake Oil: Architecting Agility through Antifragility (O’Reilly, 2019).
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D Appendix - Antifragility Papers

Introduction

In this appendix I collected the papers read on the topic of antifragility and categorized
them.

The content of this Appendix is the following:
D.1 Organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
D.2 Risk and Resilience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
D.3 Antifragile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
D.4 Complexity Science . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
D.5 Antifragile & IT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
D.6 Science . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

D.1 Organisation

These are papers mentioned in the antifragile literature and focus mainly on organisations
and the human factor. This list is alphabetical organised.

1. Ahuja and Katila, 2004, Where do resources come from? the role of idiosyncraticsitu-
ations. Strategic Management Journal, 25(8-9):887–907.

2. Ambler, 2009, The agile scaling model (asm): Adapting agile methods for complex
environments. Environments, pages 1–35.

3. Beck et al., 2006, The determinants of financing obstacles. Journal of International
Money and Finance, 25(6):932–952.

4. Dobbs and Hamilton, 2007, Small business growth: recent evidence and new direc-
tions. International journal of entrepreneurial behaviour & research, 13(5):296–322.

5. Eckardt, 2018, Company maturity matrix. EMAJ: Emerging Markets Journal, 8(1):28–30.

6. Feindt et al., 2002, Identifying success factors for rapid growth in sme e-commerce.
Small Business Economics, 19:51–62.

7. Jaaron and Backhouse, 2014a, Building antifragility in service organisations: Going
beyond resilience. International Journal of Services and Operations Management, 19(4):491–513.

8. Jaaron and Backhouse, 2014b, Learning from chaos: the advent of antifragility in ser-
vice organisations. In Proceedings of the 2014 POMS International Conference, Singa-
pore,pages 1–8

9. Kinneen and Younas, 2018, Self-managing organisations in the context of entrepreneur-
ial innovation. Master’s thesis, Uppsala University, Department of BusinessStudies,
Uppsala, Sweden.

10. Love and Roper, 2015, SME innovation, exporting and growth: A review of existing
evidence. International small business journal, 33(1):28–48.

11. Madrid-Guijarro et al., 2009, Barriers to innovation among spanish manufacturing
smes. Journal of Small Business Management, 47(4):465–488.
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12. Maveau, 2017, Agile organisations and human potential: in need for fast zebra’s? Mas-
ter’s thesis, University of Gent, Master of Science in de Handelswetenschappen, Gent,
Belgium.

13. Mazzei and Ravazzani, 2015, Internal crisis communication strategies to protect trust
relationships: A study of italian companies. International Journal of Business Commu-
nication, 52(3):319–337.

14. Pincus et al., 2017, Nonlinear dynamical systems and humanistic psychology. Journal
of Humanistic Psychology, 58(3):343–366

15. Porter, 1996, What is strategy? Harvard Business Review, 74(6):61–78

16. Rupeika-Apoga and Danovi, 2015, Availability of alternative financial resources for
smes as a critical part of the entrepreneurial ecosystem: Latvia and Italy . Procedia
Economics and Finance, 33:200–210

17. Simpson et al., 2012, Towards a new model of success and performance in smes. Inter-
national journal of entrepreneurial Behavior & Research,18(3):264–285

18. Smallbone et al., 2012, small business responses to a major economic downturn: Em-
pirical perspectives from New Zealand and the United Kingdom. International Small
Business Journal, 30(7):754–777.

19. Vargo and Seville, 2011, Crisis strategic planning for smes: finding the silver lining.
International Journal of Production Research, 49(18):5619–5635.
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D.2 Risk and Resilience

These are papers mentioned in the antifragile literature and focus mainly on Risk, Robust,
fragile, resilience, emergence, entropy, chaos, unpredictability and stress

1. Aven, 2011, On some recent definitions and analysis frameworks for risk, vulnerabil-
ity,and resilience. Risk Analysis: An International Journal, 31(4):515–522

2. Aven, 2012, The risk concept — historical and recent development trends. Reliability
Engineering & System Safety, 99:33–44.

3. Aven, 2015, The concept of antifragility and its implications for the practice of risk
analysis.Risk Analysis, 35(3):476–483.

4. Augusto Wrede and Simari, 2001, Temporal defeasible reasoning.Knowl. Inf. Syst.,3:287–318

5. Bennett and Lemoine, 2014a, What a difference a word makes: Understanding threats
to performance in a vuca world.Business Horizons, 57(3):311 – 317

6. Bera et al., 2017, Randomness inquantum mechanics: philosophy, physics and techno-
logy.Reports on Progress in Physics,80(12):124001.

7. Bradnick, 2008, A pentecostal perspective on entropy, emergent systems, and eschatol-
ogy. ZygonR c©, Journal of Religion and Science, 43:925–942

8. Bradt, 2011, The fractography and crack patterns of broken glass.Journal of Failure
Analysis and Prevention, 11(2):79–96

9. Chakrabarti and De, 2000, Boltzmann-gibbs entropy: Axiomatic characterisation and
application.International Journal of Mathematics and Mathematical Sciences, 23:243–251.

10. Christen and Franklin, 2002, The concept of emergence in complexity science:Finding
coherence between theory and practice.Proceedings of the Complex Systems Summer-
School, 4

11. Chrousos, 2009, Stress and disorders of the stress system.Nature reviews endocrino-
logy,5(7):374–381

12. Crutchfield, 2009, The hidden fragility of complex systems— consequences of change,changing
consequences.Cultures of Change: Social Atoms and Electronic Lives, 98-111:98–111

13. Derbyshire and Wright, 2014, Preparing for the future: Development of an ‘antifrag-
ile’methodology that complements scenario planning by omitting causation.Technological
Forecasting and Social Change, 82:215–225

14. Governatori and Terenziani, 2007, Temporal extensions to defeasible logic. In Or-
gun,M. A. and Thornton, J., editors,AI 2007: Advances in Artificial Intelligence, pages
476–485,Berlin, Heidelberg, Germany. Springer

15. Kraus et al., 2012, Entrepreneurial orientation and the business performance of smes: a
quantitative study from the Netherlands. Review of Managerial Science, 6(2):161–182

16. Liu and Thompson, 2002, Randomness: Rethinking the foundation of probability.In
Proceedings of the twenty fourth annual meeting of the North American chapter of
the International Group for the Psychology of Mathematics Education, Athens, GA,
volume 3, pages1331–133

17. Makridakis and Taleb, 2009a, Forecasting and uncertainty in the economic and busi-
ness world.International Journal of Forecasting, 25(4):794–812

18. Makridakis and Taleb, 2009b, Decision making and planning under low levels of pre-
dictability.International Journal of Forecasting, 25(4):716–733.

19. Martin-Breen and Anderies, 2011, The bellagio initiative, background paper, resilience:
A literature review. In Resilience: A Literature Review, Brighton:IDS.
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20. Nute, 2003, Defeasible logic. In Bartenstein, O., Geske, U., Hannebauer, M., and Yoshie,O.,
editors,Web Knowledge Management and Decision Support, pages 151–169, Heidel-
berg,Berlin, Germany. Springer Berlin Heidelberg

21. Potsangbam, 2017, Adaptive performance in vuca era – where is research going?Inter-
national Journal of Management (IJM), 8(6):99–108.

22. Santos, 2012, why resilience?ä review of literature of resilience and implications for
further educational research. In Review of Resilience Research, Claremont, CA. Clare-
mont Graduate University & San Diego State University

23. Scholz et al., 2012, Risk, vulnerability, robustness, and resilience from a decision-theoretic
perspective.Journal of Risk Research, 15(3):313–330

24. Ruiz-Martin et al., 2018, What we know and do not know about organisational resili-
ence.International Journal of Production Management andEngineering, 6(1):11–28

25. Taleb et al., 2009, The six mistakes executives make in risk management.Harvard Busi-
ness Review, 87(10):78–81

26. Walker et al., 2004, Resilience, adaptabilityand transformability in social–ecological
systems.Ecology and society, 9(2).

27. Wang et al., 2017, Analysis of the definitions of resilience.IFAC-PapersOnLine, 50(1):10649–10657.

D.3 Antifragile

These are papers mentioned in the antifragile literature and focus mainly on antifragility
itself.

1. Ansar et al., 2017, Big is fragile: An attempt at theorising scale.The Oxford Handbook
of Mega project Management, 84:60–95

2. Danchin et al., 2011, Antifragility and tinkering in biology (and in business) flexibility
provides an efficient epigenetic way to manage risk.Genes, 2(4):998–1016

3. Feygenson and Feygenson, 2017, Modern triz and the concept of antifragility.friends,
enemies or frenemies? In The 13th International Conference. TRIZfest-2017

4. Ghasemi and Alizadeh, 2017, Evaluating organisational antifragility via fuzzy logic.
the case of an Iranian company producing banknotes and security paper.Operations
Research and Decisions, 1:21–43.

5. Grube et al., 2013, Niches and Adaptations of Polyextremotolerant Black Fungi, volume
27, pages 551–566. Springer, Dordrecht, the Netherlands

6. Jones, 2014, . Engineering antifragile systems: A change in design philosophy. Pro-
cedia computer science, 32:870–875

7. Kennon et al., 2015, An alternative view to assessing antifragility in an organisation: A
case study in a manufacturing sme. CIRP annals :manufacturing technology, 64:177–180.

8. Markey-Towler, 2018, Antifragility, the black swan and psychology.Evolutionary and
Institutional Economics Review, 15(2):367–384

9. Martinetti et al., 2017, Storytelling as a strategy in managing complex systems: us-
ing antifragility for handling an uncertain future in reliability.Safety and Reliability,
37(4):233–247

10. Passos et al., 2018, From resilience to the design of antifragility. In pesaro 2018, volume
1, pages 7–11.

11. Pineda et al., 2018, Antifragility of random booleannetworks.arXiv preprint arXiv:1812.06760,
abs/1812.06760
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12. Starossek et al., 2011, Report of the terminology and procedures sub-committee (sc1):
Recommendations for design against disproportionate collapse of structures. In Struc-
tures Congress 2011,pages 2090–2103

13. Taleb and Douady, 2013, Mathematical definition, mapping, and detection of(anti) fra-
gility.Quantitative Finance, 13(11):1677–1689

14. Tseitlin, 2013, The antifragile organisation.Communications of the ACM, 56(8):40–44

D.4 Complexity Science

These are papers mentioned in the antifragile literature and focus mainly on Complexity
Science.

1. Bennett and McGinnis, 2008, Coupled and complex: Human–environment interaction
in the greater Yellowstone ecosystem, USA. Geoforum, 39(2):833–845

2. Buldyrev et al., 2010, Catastrophic cascade of failures in interdependent networks.Nature,
464(7291):1025

3. Dahlberg, 2015, Resilience and complexity: Conjoining the discourses of two contested
concepts. Culture Unbound: Journal of Current Cultural Research, 7(3):541–557.

4. Dietz et al., 2013, The discipline of enterprise engineering.International Journal of Or-
ganisational Design and Engineering, 3:86–114

5. Kurtz and Snowden, 2003, The new dynamics of strategy: Sense-making in a complex
and complicated world.IBM systems journal, 42(3):462–483

6. Liening, 2013, The breakdown of the traditional mechanistic worldview, the devel-
opment of complexity sciences and the pretence of knowledge in economics.Modern
Economy, 4(04):305

7. Nurmi et al., 2019, Systems Approaches in the Enterprise Architecture Field of Re-
search: A Systematic Literature Review, pages 18–38. Springer International Publish-
ing, Cham.

8. Wojcik and Hoffman, 2006, Systems of systems engineering in the enterprise context:
a unifying framework for dynamics. In 2006 IEEE/SMC International Conference on
System of Systems Engineering, pages 8–pp

D.5 Antifragile & IT

These are papers mentioned in the antifragile literature and focus mainly on antifragility
and IT.

1. Proper and Lankhorst, 2014, Enterprise architecture – towards essential sense-making.
Enterprise Modelling and Information Systems Architectures, 9:5–21.

2. Abid et al., 2014, Toward antifragile cloud computing infrastructures. Procedia Com-
puter Science, 32:850– 855.

3. Monperrus, 2017, In Companion to the First International Conference on the Art, Sci-
ence and Engineering of Programming, Programming ’17, pages 1–4, New York, NY,
USA. ACM.

4. Ramirez and Itoh, 2014, An initial approach towards the implementation of human
error identification services for antifragile systems. In 2014 Proceedings of the SICE
Annual Conference (SICE), pages 2031–2036.

5. Rinaldi et al., 2001, Identifying, understanding, and analyzing critical infrastructure
interdependencies. IEEE Control Systems, 21(6):11–25.
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6. Müller et al., 2013, Resilience-a new research field in business information systems? In
International Conference on Business Information Systems, pages 3–14.

7. O’Reilly, 2019, No more snake oil: Architecting agility through antifragility. Procedia
Computer Science, 151:884–890.

8. Russo and Ciancarini, 2016, A proposal for an antifragile software manifesto. Procedia
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9. Gorgeon, 2015, Anti-fragile information systems (completed research paper). In Anti-
fragile Information Systems, Fort Worth.
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11. Kim et al., 2019, A multilayer structure facilitates the production of antifragile systems
in boolean network models. arXiv preprint arXiv:1902.11214, abs/1902.11214:15

12. Monperrus, 2017, Principles of antifragile software. In Companion to the First Interna-
tional Conference on the Art, Science and Engineering of Programming, Programming
’17, pages 1–4, New York, NY, USA. ACM.
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14. Lehman, 1996 Laws of software evolution revisited. In Proceedings of the 5th European
Workshop on Software Process Technology, EWSPT ’96, pages 108–124, Berlin, Heidel-
berg. Springer-Verlag.

D.6 Science

These are papers mentioned in the antifragile literature and focus mainly on that science is
limited by observation.

1. Bar-Yam, 2013, The limits of phenomenology: From behaviorism to drug testing and
engineering design. New England Complex Systems Institute (NECSI) Report, 2013-
08-01.

2. Turner et al., 2003, A framework for vulnerability analysis in sustainability science.
Proceedings of the national academy of sciences, 100(14):8074–8079.

3. Tversky and Kahneman, 1974, Judgment under uncertainty: Heuristics and biases.
Science, 185(4157):1124–1131.

4. Open Science Collaboration et al., 2015, Estimating the reproducibility of psychological
science. Science, 349(6251).

5. Zeng et al., 2017 The science of science: From the perspective of complex systems.
Physics Reports, 714:1–73.

Edzo A. BOTJES – https://gitlab.com/edzob/antifragile-research c©CC BY-SA 4.0 – Version: v1.0 20200514

https://gitlab.com/edzob/antifragile-research


113

E Appendix - Antifragile literature
Summary

Introduction

For a selection of the papers read on antifragility, I kept notes on the summary of the content
of these papers. In addition I categorized the content of the paper on scientific relevance.

The content of this Appendix is the following:
E.1 Summary of Body of Knowledge on the relevance of Antifragile . . . . . . . . 113
E.2 Field of Antifragile - Body of Knowledge on Antifragile properties . . . . . . 114
E.3 Field of Antifragile - Body of Knowledge on Fragile properties . . . . . . . . . 115
E.4 Field of Antifragile - Body of Knowledge that I don’t understand . . . . . . . 115

E.1 Summary of Body of Knowledge on the relevance of Anti-
fragile

1. (Abid et al., 2014) - proposal to use Simian Army concepts for cloud infrastructure
(VM’s).
Mainly reasoning

2. (Guang et al., 2014) - argumentation that cloud services should be designed to be anti-
fragile.
Mainly reasoning

3. (Aven, 2015) - usage of a high-low indicator of vulnerability and a non disclosed data-
set of oil-spills and leakages.
Mainly reasoning.

4. (Eckardt, 2018) - combining antifragile theory into a two-by-two maturity matrix for
companies.
Mainly reasoning.

5. (Feygenson and Feygenson, 2017) - exploration of antifragile to the Theory of Inventive
Problem Solving (TRIZ).
Mainly reasoning.

6. (Grube et al., 2013) - Study on one type of fungi if the attribute of resilience by redund-
ancy can be observed.

7. (Helbing, 2010) - the role of network (organisation) in dealing with the unknown un-
known (black swan) in Dynamic complex environment (complexity science).
Mainly reasoning.

8. (Jones, 2014) - reasoning that antifragile is not yet applied in aerospace (NASA) but
can add value and provides examples of ongoing research towards this goal.
Mainly reasoning.

9. (Kinneen and Younas, 2018) - this study interviewed 5 companies on their organisation
achievements. (holocracy, sociocrazy). Antifragile was one of the attributes of the
companies.
No clear conclusion.
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10. (Martinetti et al., 2017) - this paper states that the dutch railway company (NS) needs
to embrace and being able to deal with antifragile context. and that storytelling can be
a way to deal with antifragile problems.
Mainly reasoning.

11. (Monperrus, 2017) - this paper states that Software Engineering needs to adopt the
ideas behind antifragility. It states “This is only the beginning of antifragile software
engineering. Beyond the vision presented here, research now has to devise sound
engineering principles and techniques regarding self-checking, self-repair and fault
injection in production.“
Mainly reasoning.

12. (Müller et al., 2013) - this paper argues that the field of resilience needs definitions and
empirical research (antifragile is not named but the content is near this topic): “Despite
the wide spread of resilience across multiple disciplines, a number of open research
issues remain. These encompass conceptual and definitions vagueness of resilience, a
lack of empirical research and a lack of applicable (organisational) solutions and IT-
artifacts to bring resilience into action.“
Mainly reasoning.

13. (Passos et al., 2018) - this paper defines antifragility as a new form of resilience based
on literature study. “at the end of this work and after a vast review of the studies cited
here, it is noticed that the increase in complexity and the introduction of ICT in our
daily life triggered the process of evolution of resilience, which in its most advanced
stage appears as antifragility.“
Mainly reasoning.

E.2 Field of Antifragile - Body of Knowledge on Anti-
fragile properties

(a) (Derbyshire and Wright, 2014) - literature based definition of antifragile. Proposal
for a strategy workshop implementing Antifragile.
Mainly reasoning. —> EB These methods are (exclusive Antifragilemethods)
[Derbyshire and Wright, 2014]:1) “Controlling the dispersion of outcomes“2) “Hormesis“3)
“Redundancy“4) “Small-scale experimentation (trail and error)“

(b) (Ghasemi and Alizadeh, 2017) - “This paper describes questionnaire research based
on a field survey. ... The study population consists of about 70 employees who are
familiar with strategic and quality management.“ one company (TAKAB). List of
criteria is based upon (Jackson and Ferris, 2013). See also appendix F.2.

(c) (Gorgeon, 2015) - A list of properties provided by Taleb is validated by literature
and combine it with COBIT5 framework on Information System (IS) related pro-
cesses into a mapping of antifragile properties vs IS processes.
Mainly reasoning. See also appendix F.5.

(d) (Helbing, 2013) - Drivers and examples of systemic instabilities (anti-antifragile
properties)
EB: to be added into appendices

(e) (Henriksson et al., 2016) - Extensive literature study combined with Qualitative
case studies by semi-interviews of seven Swedish SMEs.

(f) (Jaaron and Backhouse, 2014a) - introduced the Vanguard method for learning
organisations, covered two case study companies. Also extensive reasoning.
EB: to be added into appendices

(g) (Johnson IV et al., 2013) - Theory of SOS Entropy and Emergence. Nice list of
attributed that optimize (positive) emergent. research on an ant colony. Mainly
reasoning.
EB: to be added into appendices?
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(h) (Johnson and Gheorghe, 2013) - List of criteria composed by summarizing (Jack-
son and Ferris, 2013) (based upon 10 case studies), (Taleb, 2012) and (Casti, 2012).
Reused by (Kennon et al., 2015) and (Ghasemi and Alizadeh, 2017)
Mainly reasoning.

(i) (Kennon et al., 2015) - Applied the criteria defined by (Johnson and Gheorghe,
2013) and applied it to an/one electro-vehicle assembly company based in the
Western Cape, South Africa.

14. (Markey-Towler, 2018) - attributes of antifragile personality defined, based on literate.
Mainly reasoning.

15. (Maveau, 2017) - attributes of an fast zebra organisation that should also be antifragile.
Mainly reasoning.

16. (Ramirez and Itoh, 2014) Carlos A. Ramirez - This paper defines three areas a anti-
fragile systems should include. Learning of what happened, modelling of external
systems, self assessment. It results in a model of a software system to build.
Mainly reasoning.

E.3 Field of Antifragile - Body of Knowledge on Fragile prop-
erties

1. (Ansar et al., 2017) - Theoretical definition of fragile and argument that bigger dams
are more fragile.
Mainly reasoning.

E.4 Field of Antifragile - Body of Knowledge that I don’t un-
derstand

1. (Kim et al., 2019) - we recently proposed a novel metric that quantifies antifragility
(Pineda et al., 2018). By comparing single-layer and multi-layer Boolean networks
based on our recently proposed antifragility measure, we found that the multi-layer
structure facilitated the production of antifragile systems.

2. (Pineda et al., 2018) - Here we propose a simply calculable measure of antifragility,
based on the change of “satisfaction” before and after adding perturbations, and apply
it to random Boolean networks (RBNs). Using the measure, we found that ordered
RBNs are the most antifragile.
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F Appendix - Antifragility
descriptions in the literature

In several papers and books there is a description of attributes of antifragile systems. In this
appendix the attribute sets that I could find in the Body of Knowledge.

The content of this Appendix is the following:
F.1 Asymmetry test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
F.2 System Criteria to analyze antifragility . . . . . . . . . . . . . . . . . . . . . . . 118
F.3 Antifragile organisation design . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
F.4 Antifragile organisation aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
F.5 Antifragile Information Systems . . . . . . . . . . . . . . . . . . . . . . . . . . 123
F.6 Antifragile principles for a complex adaptive ICT system) . . . . . . . . . . . 125
F.7 Assessing Antifragility in Complex Adaptive Systems. . . . . . . . . . . . . . 126
F.8 Antifragile System Assessment Criteria . . . . . . . . . . . . . . . . . . . . . . 128
F.9 Antifragility, the Black Swan and psychology . . . . . . . . . . . . . . . . . . . 129
F.10 Antifragile by being a fast zebra . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

F.1 Asymmetry test

The Symmetry test is quoted in (Aven, 2015, p. 480) as a way to determine antifragility and
fragility.

“We can estimate and measure fragility and antifragility, as they are part of the
current property of an object (Taleb, 2012), (Starossek et al., 2011).“

1. Asymmetry Test 1

“Anything that has more upside than downside from random events (or cer-
tain shocks) is antifragile, the reverse is fragile.“

2. Asymmetry Test 2

“For the fragile, shocks bring higher harm as their intensity increases (up to
a limit), and for the antifragile, shocks bring more benefit (equivalently less
harm) as their intensity increases (up to a point).“
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F.2 System Criteria to analyze antifragility

“Antifragility cannot be increased without decreasing fragility, just as light can-
not be made more intense without reducing darkness, or wealth raised without
diminishing poverty. Hence, we can assess antifragility and fragility through a
test of asymmetry: any system that responds negatively to unexpected events or
certain types of stress is fragile; the reverse situation corresponds to antifragility.
Accordingly, we can specify the fragility of a system and decrease it, in order to
increase antifragility“ (Ghasemi and Alizadeh, 2017, p. 25)

1. Absorption

“The ability of a system to absorb shocks will increase as a result of designing
margins to increase the magnitude and duration of shocks that the system
can withstand during a crisis, to ensure that it continues being in an intended
state. The greater the robustness, the higher the level of antifragility.“

2. Redundancy

“Having multiple criteria that can carry out a function, or multiple ways of
meeting the same purpose, creates excess system capacity and is an effect-
ive form of defense when X-events happen. Redundancy tends to enhance
robustness and make systems less fragile and more antifragile.“

3. Introduction of low level stress Eliminating stress

“Eliminating stress from systems or attempting to reduce uncertainty in them
can lead to weakness, fragility, and expose them to serious X-events. Regu-
larly exerting low levels of stress on a system increases its robustness and can
result in antifragility when the system learns from these controlled levels of
stress.“

4. Non-monotonicity

“Learning from failures and negative consequences can be an effective de-
fense against stressors and create new information. As new data become
available, it overcomes previous thinking (Augusto Wrede and Simari, 2001),
(Governatori and Terenziani, 2007), which can lead to new approaches, im-
prove the system and increase antifragility.“

5. Requisite variety

“There are regulators in the system attempting to control the consequences
of the behavior of agents. When the number of regulators is inadequate,
the behavior of the system cannot be anticipated precisely and black swan
events emerge. Thus the more regulators, the greater antifragility.“

6. Emergence

“When there is little or no traceability between the micro and macro level,
output is said to be emergent, the frequency of unintended states increases
and X-events appear. Conversely, when there are cause-effect relationships
between the activity of criteria at micro level and outcomes at macro level,
the system output is said to be resultant which results in greater antifragility
(Christen and Franklin, 2002).“

7. Uncoupling

“Failures can reverberate through firmly coupled systems increasing in amp-
litude and potentially leading to disaster. The lower the degree of coup-
ling between systems and system criteria, the more antifragile the system
becomes.“
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F.3 Antifragile organisation design

“tbd (Kastner, 2017)“

1. Self-organisation

tbd

2. Ownership (result based system /’Skin in the game’)

tbd

3. Diversity of Cells and organisational Learning

tbd

4. DNA- Shared purpose, values and culture

tbd
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F.4 Antifragile organisation aspects

To understand how managers can influence towards an antifragile organisation, the areas
Strategy, Opportunity and Motivation are defined by (Henriksson et al., 2016, p. 18-30).

1. Strategy

“The strategy of an SME has a clear importance of how the SME perform; the
different strategies of the firms affect the survival and growth. The strategy
is the core of a firm’s performance and the way they interact with the ex-
ternal environment. The different strategies of the SMEs are a clear factor in
the success of the firm (Philip, 2011), (Simpson et al., 2012). Nevertheless the
strategy of a firm is hard to define and is different for every firm (Smallbone
et al., 2012), (Vargo and Seville, 2011). ... (Taleb, 2012) and (Tseitlin, 2013)
go beyond and explain, that every random event brings its own opportun-
ity in the form of a variation, which implicates the importance of keeping
the strategy current and adopting it based on the changing circumstances
(Porter, 1996), (Mintzberg, 1994b), (Kotler and Caslione, 2009).“

2. Strategy - Design versus emergence

“As a manager you can choose if you want formulate a company’s strategy
throughout a rational systematic process on one hand (Porter, 1996), or on
the other hand react fast to events in a turbulent world within guidelines and
goals (Grant, 2013), (Mintzberg, 1994b). ... (Grant, 2013) named Bain & Com-
pany advocates as an example which used of strategic principles to combine
flexibility with adaptability and keep a consistent focus. Also (Vargo and
Seville, 2011) found that adaptability and flexibility regarding the strategy
especially during times of economic crisis is very important.“

3. Strategy - Seneca’s barbell strategy

“In his literature “Antifragile: Things that gain from Disorder”, (Taleb, 2012)
describes Seneca’s barbell as a strategy, in which a barbell comprehends a
solution to uncertainty. The author found that a so called bimodal strategy
is necessary to maintain a balance between the low risk ‘down’ and high
risk ‘up’. ... This approach is also supported by Kotler and Caslione (Kotler
and Caslione, 2009) in the book “Chaotics”. Kotler and Caslione (2009) call
it a “two playbook strategy” in which two different strategies for one sub-
ject are found; one for down-markets and one other for upmarkets. ... But
Kotler and Caslione (Kotler and Caslione, 2009) show, that managers must
see change first-hand. Managers must eliminate the filters and must accept
the inevitability of strategy decay.“

4. Opportunities

“(Peters and Peters, 1987) explains that an opportunity is a chance for a com-
pany to change or expand the business. An opportunity is something for
example: a new market or new technology that comes along that a manager
can take advantage off to get ahead of the competition.“

5. Opportunities - Networks

“In an economic crisis the network of a manager plays an important role of
the success of the SMEs organisation. Furthermore the network becomes an
important tool for profiting from the current situation (Feindt et al., 2002),
(Mukumba, 2014), (Simpson et al., 2012). Managers are able to use their con-
tacts and relationships to use opportunities and become antifragile. Using
these networks in an effective way can be identified as a key factor in the
success of a manager (Feindt et al., 2002), (Mukumba, 2014).“

6. Opportunities - Innovation
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“Innovation has long been recognized as a key driver of competitive advant-
age and a core area a manager should use in dynamic efficiency of markets
and a competitive environment (Lin, 1998), (Feindt et al., 2002), (Ahuja and
Katila, 2004), (Dobbs and Hamilton, 2007), (Dibrell et al., 2008), (Madrid-
Guijarro et al., 2009), (Dervitsiotis, 2012), (Love and Roper, 2015). In the
present era of a global economy the need to find new opportunities that
generate new revenues and profits become more important. The increase
of never-ending uncertainty, leads to shifts from quality excellence to innov-
ation excellence (Dervitsiotis, 2012).“

7. Opportunities - Resources

“SME managers generally lack access to business resources compared to the
way Large Enterprises have access to these assets. To acquiring enough
business resources, SME managers have to be particularly creative (Beck
et al., 2006), (Xiang and Worthington, 2015). ... Especially the family-owned
and managed SMEs show that revenue generating actions rise above cost-
cutting measures in terms of company growth. Company that were also
self-financed to a larger extent showed a higher performance than compan-
ies relying on means of finance (Smallbone et al., 2012). (Rupeika-Apoga
and Danovi, 2015) have found that if a manager controls an SME that is in a
larger extent involved in the internationalization process the availability of
business resources becoming more apparent.“

8. Motivation

“(Smallbone et al., 2012) explained that managers leading SMEs during terms
of turbulence that performed better, in a large extent didn’t focus on cutting
cost but instead trying to find revenue generating operations. SMEs should
focus on motivating employees and try to increase sales, instead of cutting
down staff and try to save money. This offers the possibility to increase staff
during times of economic crisis, because during an economic crisis compan-
ies let people go and this becomes an opportunity for managers to acquire
new personal and new knowledge (Kotler and Caslione, 2009). shows that
firms that cut down a lot during economic crises, have a hard time to rebuild
the moral they lost when the market turns.“

9. Motivation - Mind-set

“In order to thrive in turbulence a manager need the right mind-set. In-
stead of a being defensive a manager need to become tough. Believing in
the company and being practical is key to thriving. A manager needs to be
prepared for the situations to come and know what type of strategy to adopt
to handle it. ... opportunity for managers to acquire new personal and new
knowledge (Kotler and Caslione, 2009). ... The manager that wants to build
an antifragile organisation must love the uncertainty and adapt to the envir-
onment (Taleb, 2012). ... The manager’s mind-set will affect the company
and the outcome of the performance of the company (Kraus et al., 2012). ...
To become antifragile a manager cannot be shaken by the crisis but instead
attack it head on (Taleb, 2012).“

10. Motivation - Employee motivation

“In times of economic crisis, the employees need to be motivated to keep up
their performance. Different factors influences this motivation in the work-
place, the employees need to feel as if they are contributing even during an
economic crisis. ... There is also a correlation between knowledge from pre-
vious crisis and the way organisations handle upcoming ones. If a manager
has survived a previous crisis they are more confident to take on the next.
The 29 more experience an organisation has with crises the better they per-
form during these situations. The experience of different crisis needs to be
stored and used in the future events.“
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11. Motivation - Communication

“(Kotler and Caslione, 2009) explained that during an economic crisis it’s
important for a manager to speak often to their staff about how they are
feeling and what they think is going to happen. Finding out the employees
problems and finding ways to turn them around to something positive helps
keep up motivation. ... There need to be a strategy in place for communicat-
ing for the employees. Make sure that they are attacking the situation from
the beginning and head on (Mazzei and Ravazzani, 2015).“
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F.5 Antifragile Information Systems

Some Guidelines (Gorgeon, 2015, p. 6-11)

1. Simplicity

“Driven by globalization, the customization of their products and services,
and an increasing information processing needs, organisations and their In-
formation Systems have grown more complex over the years (Galbraith,
1974), (Galbraith, 2012). They are fragile because the number and variety of
their constitutive elements together with the dynamics of their interactions
and interdependencies make them difficult to apprehend cognitively as a
whole, and their non-linear emergent behaviors are very often very hard, if
not impossible, to predict. ... In all, (Taleb, 2012) suggests that simplicity is
a powerful and more efficient way to apprehend the complexity and uncer-
tainty of our environments. As a result, when exercised, simplicity, in all its
forms, has not only the potential of reducing the fragility of systems but also
the power of enhancing their antifragility.“

2. Skin in the Game

“organisations are increasingly complex and specialized and thus difficult
to control (Vaughn, 1983). In such an environment, information opacity and
asymmetry arise and are conducive to moral hazard. Moral hazard can be
defined as “any situation in which one person makes the decision about how
much risk to take, while someone else bears the cost if things go badly”
(Krugman, 2009). Moral hazard is a source of fragility for organisations be-
cause they potentially suffer the downsides of risky decisions made by a few
who in the process create high potential upsides for themselves and become
more antifragile.“

3. Reduce Naive Interventions

““Festina lente,” make haste slowly, encapsulates well the principle of redu-
cing naïve intervention. Antifragility implies that the old is superior to the
new (Taleb, 2012) simply because it has survived the test of time, while the
fragile has not. Doing nothing or delaying action is a way to respect the old
or give it the time to exercise its natural antifragility.“

4. Optionality

“Optionality, the availability of options, allows systems to benefit from the
positive side of uncertainty without suffering serious harm from the negative
side (Taleb, 2012). In the face of uncertainty, to have the option but not the
obligation to engage in a course of action is a source of antifragility (Taleb,
2012). ... Another source of optionality is redundancy. ... Redundancy has,
however, a direct and an opportunity cost that organisations rarely have the
desire to bear in the name of optimization and efficiency. Redundancy may
also have the perverse effect of increasing complexity, raising the likelihood
of failure (Perrow, 1984).“

5. Inject Randomness into the System

“While organisations treat randomness with suspicion and anxiety, it has
benefited many to extraordinary extents. Randomness is indeed at the heart
of serendipity, which has been at the source of many of the greatest and most
lucrative discoveries of the latest century Harré 2012, (Harré, 1981).“

6. Decentralize / Develop Layered Systems
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“Decentralization and developing layered systems have the same main ob-
jective: the contention of the effects from harmful events. As (Taleb et al.,
2009, p. 163) mentions: “The idea is simply to let human mistakes and mis-
calculations remain confined, and to prevent their spreading through the
system, as Mother Nature does.” ... Paradoxically, antifragile systems rely
on the fragility of their components, without which they would be merely
robust. Under stress, these fragile subcomponents break, allowing the sys-
tem to improve.“
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F.6 Antifragile principles for a complex adaptive ICT sys-
tem)

Principles Ensuring Antifragility (for a complex adaptive ICT system) (Hole, 2016, p. 35-57).

1. Modularity

“Because a system of tightly interconnected units facilitates systemic failures,
we need a system of modules with weak links ... that break when modules
experience local failures (Meadows and Wright, 2008), (Crutchfield, 2009),
(Helbing, 2010), (Helbing, 2012), (Helbing, 2013), (Rinaldi et al., 2001).“

2. Weak Links

“Different dependencies have varying strengths (Rinaldi et al., 2001). We
can measure the strength of a dependency by determining the damage a
misbehaving module causes in the dependent module. ... A weak link can
be compared to a circuit breaker that protects an electrical system against
excessive current.“

3. Redundancy

“Since the goal of anti-fragile systems is to thrive in randomness, the sys-
tems contain “inefficiencies” through layered redundancies. ... we note that
the secondary system should differ from the primary system to avoid both
failing for the same reasons.“

4. Diversity

“A modular system has diversity (Page, 2010) when it contains differently
designed or implemented modules with (nearly) the same functionality ...
Diversity makes it less likely that many modules will fail at the same time.“

5. Fail Fast

“To create complex adaptive systems that are anti-fragile to classes of negat-
ive events, it is necessary to learn from problems and downright failures in
the systems because it is effectively impossible to predict all future incidents
with a large negative impact.“

6. Systemic Failure Without Failed Modules

“Swans are often caused by internal and external changes that affect the
global pattern of interactions between the modules, between the stakehold-
ers, and between the stakeholders and modules. The changes all seem reas-
onable when studied in isolation. It is only the combination of the changes
that causes a systemic failure (Dekker, 2014).“

7. The Need for Models

“While it is quite easy to understand the descriptions of the five principles, it
is hard to determine how to realize them in complex adaptive ICT systems to
achieve antifragility to a particular type of impact. Paraphrasing Yaneer Bar-
Yam (Bar-Yam, 2013), we argue that it is necessary to create system models,
especially during the design phase, to ensure antifragility.“
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F.7 Assessing Antifragility in Complex Adaptive Systems.

Assessing Antifragility in Complex Adaptive Systems (Johnson and Gheorghe, 2013, p. 163).
Also re-used in (Kennon et al., 2015, p. 179) as Analytical criteria of a system of systems.
Based on work of (Jackson and Ferris, 2013).

1. Entropy

“Systems tend to increase in complexity over time. In doing so they lose
the ability to use information to transform inputs into desired outputs; the
number of potential system states relative to known system states increase
(that is, disorder grows); and X-Events emerge (Chakrabarti and De, 2000),
(Atkins, 2003), (Bradnick, 2008)).“

2. Emergence

“The relationship between the outputs of a system at the macro level and
the actions of the micro level components in the system is either resultant or
emergent (Goldstein, 1999). When system outputs can be directly traced to
activities or functions of its components and there are cause-effect relation-
ships between micro level component activity and macro level results, then
the system output is said to be resultant. However, when no such traceab-
ility can be constructed, the output is said to be emergent and X-Events are
produced (Menzies, 1988), (Christen and Franklin, 2002).“

3. Efficiency vs. Risk

“Efficiencies are gained at the expense of increased potential for harm due
to stress. For example, redundant components may reduce the potential for
system failure, but at the expense of more resources without more function-
ality or output. Less redundant systems designs are more efficient but are
more fragile.“

4. Balancing Constraints vs. Freedom

“The optimum condition for a system is a balance of constraints and degrees
of freedom. A system that is too open (that is, high degrees of freedom,
minimum constraints, maximum interactions and dependencies with other
systems, and so on) has increased exposure to X-Events.“

5. Coupling (Loose/Tight)

“Failures can reverberate through tightly coupled (that is, linked) systems
increasing in amplitude and potentially leading to catastrophic failure. The
greater the degree of coupling between systems and system components, the
more fragile the system becomes.“

6. Requisite Variety

“There are regulators in a SOS that attempt to control the outcome and be-
haviors of the agents in the system. When the number of regulators is insuf-
ficient relative to the number of agents, the behavior of the system becomes
unpredictable and extreme hazardous events emerge. In other words, a gap
in complexity of the systems and its agents or subsystems causes X-Events
to occur.“

7. Stress Starvation

“Withholding stress from systems or attempting to reduce uncertainty in
them can cause weakness, fragility, and expose them to hazardous X-Events.
Applying regular and controlled stress to a system can increase its robust-
ness and potentially lead to antifragility.“

8. Redundancy
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“Having duplicate components that are required for a function or duplicate
functions to meet the same objective, are to create excess system capacity
and are effective hazard defenses. This is good for building robustness to a
degree, but falls short when it is based on estimates from historical worse
case events. When X-Events reoccur, they can do so with an impact that is
more or less than the historical levels. Redundancy tends to stabilize systems
and make them more robust (that is, less fragile but not antifragile).“

9. Non-Monotonicity

“Learning from mistakes can be an effective defense against stressors. Mis-
takes and failures can lead to new information. As new information becomes
available it defeats previous thinking, which can result in new practices and
approaches (Augusto Wrede and Simari, 2001), (Nute, 2003), (Governatori
and Terenziani, 2007). In this case, stressors can actually cause the system to
improve.“

10. Absorption

“Systems shall have design margins that can encompass (that is, absorb) the
magnitude and duration of the potential stress it may encounter and con-
tinue in an intended state. The greater the absorption, the greater the robust-
ness and the less the fragility. Absorption does not increase antifragility.“
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F.8 Antifragile System Assessment Criteria

“The system assessment criteria were mapped to a key (shown in 1st column) to
allow for ease of representation in tables, graphs and discussions“ (Kennon et al.,
2015, p. 179)

based on “Assessing Antifragility in Complex Adaptive Systems“ (Johnson and Ghe-
orghe, 2013, p. 163).

1. Fragile

(a) Emergence

“Emergent outputs, there is little/no traceability between micro- and
macro-level results of a system, has greater black swan event exposure
compared to resultant due to an increase in the amount of unintended
system states.“

(b) Efficiency and risk

“Efficiencies are often gained at the expense of increased potential for
harm due to stress. Less redundant systems designs are more efficient,
but more fragile.“

(c) Requisite variety

“Regulators in a system of systems attempt to control the outcome and
behaviors in the system. Black swan events increase as a result of the
number of regulators being insufficient relative to the number of agents
(unpredictable behavior).“

(d) Stress starvation

“Protecting a system from stress or attempting to reduce uncertainty can
cause weakness, fragility and expose them to hazardous Black Swan events.“

(e) Redundancy

“Duplication of components to meet the same objective create excess ca-
pacity in a system and are effective tools for extreme stressor defenses.
Redundancy tends to stabilize systems and improve robustness.“

(f) Absorption

“Absorption in systems can be used to improve robustness. Design mar-
gins that increase the magnitude and duration it can take during poten-
tial stresses to ensure it continues functioning as it should increases the
absorption ability of the system.“

2. Antifragile

(a) Induced small stressors

“Some systems are found to improve with greater exposure to stress.
Controlled stress to a system can increase its robustness and potentially
lead to antifragility where the system ‘learns’ from these controlled re-
sponses.“

(b) Non-monotonicity

“Learning from negative consequences induced by stressors can lead to
new information. New information can result in improved practices and
approaches. Stressors, when learned from, can thus cause a system to
improve.“
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F.9 Antifragility, the Black Swan and psychology

(Markey-Towler, 2018)

“We also discovered the symmetry between this and the archetypal personality
of the Hero studied at length by Carl Jung, Joseph Campbell and Jordan Peterson.
... In terms of the Big Five personality traits, this personality is:“

• high in Openness,

• high in Conscientiousness,

• has a fair degree of Extraversion,

• a moderate degree of Agreeableness,

• and is low in Neuroticism.
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F.10 Antifragile by being a fast zebra

(Maveau, 2017)

• Adaptivity

• Obliquity

• Failing Forward

• System Thinking

• (low) Need for Closure
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Introduction

The front cover visualises for me the interesting loop we are in. The urge to try to define the
world in deterministic formulas that create chaos by interacting, which chaos we try to bind
in models, which in themselves are fragile for black swans which are created by the chaos
we tried to harness. It can be said that with the means we use to try and reduce the chaos
we create chaos itself.

G.1 Double Pendulum

‘In physics and mathematics, in the area of dynamical systems, a double pendu-
lum is a pendulum with another pendulum attached to its end, and is a simple
physical system that exhibits rich dynamic behaviour with a strong sensitivity to
initial conditions.[1] The motion of a double pendulum is governed by a set of
coupled ordinary differential equations and is chaotic.’
- https://en.wikipedia.org/wiki/Double_pendulum1

G.2 Lorenz system

‘The Lorenz system is a system of ordinary differential equations first studied by
Edward Lorenz. It is notable for having chaotic solutions for certain parameter
values and initial conditions. In particular, the Lorenz attractor is a set of chaotic
solutions of the Lorenz system. In popular media the ’butterfly effect’ stems
from the real-world implications of the Lorenz attractor, i.e. that in any physical
system, in the absence of perfect knowledge of the initial conditions (even the
minuscule disturbance of the air due to a butterfly flapping its wings), our abil-
ity to predict its future course will always fail. This underscores that physical
systems can be completely deterministic and yet still be inherently unpredictable
even in the absence of quantum effects. The shape of the Lorenz attractor itself,
when plotted graphically, may also be seen to resemble a butterfly.’
- https://en.wikipedia.org/wiki/Lorenz_system2

G.3 Butterfly effect

‘In chaos theory, the butterfly effect is the sensitive dependence on initial condi-
tions in which a small change in one state of a deterministic nonlinear system can
result in large differences in a later state.’
- https://en.wikipedia.org/wiki/Butterfly_effect3

G.4 Left & Right brain

‘The lateralization of brain function is the tendency for some neural functions or
cognitive processes to be specialized to one side of the brain or the other. The

1(Wikipedia contributors - A, 2019n)
2(Wikipedia contributors - C, 2020q)
3(Wikipedia contributors - C, 2020b)
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medial longitudinal fissure separates the human brain into two distinct cerebral
hemispheres, connected by the corpus callosum. Although the macrostructure
of the two hemispheres appears to be almost identical, different composition of
neuronal networks allows for specialized function that is different in each hemi-
sphere. . . . Some popularizations oversimplify the science about lateralization,
by presenting the functional differences between hemispheres as being more ab-
solute than is actually the case.’
- https://en.wikipedia.org/wiki/Lateralization_of_brain_function4

‘My Stroke of Insight: A Brain Scientists Personal Journey, (2008) is a New York
Times bestselling and award-winning book written by Dr. Jill Bolte Taylor, a
Harvard-trained and published neuroanatomist. In it, she tells of her experience
in 1996 of having a stroke in her left hemisphere and how the human brain creates
our perception of reality and includes tips about how Dr. Taylor rebuilt her own
brain from the inside out.’
- https://en.wikipedia.org/wiki/My_Stroke_of_Insight5

‘Unlike the top-down perspective, whereby the enterprise is managed as an ‘ob-
ject’ (positivist view), leader and followers are co-creating emergent outcomes.
The relationship between leader and followers concerns and affects the motiva-
tion of followers, based on mutual needs, expectations and values. An import-
ant element of leadership therefore concerns moral aspects that shape and give
meaning to the relationship with followers.’
- (Hoogervorst, 2015)

‘The SIGMA theory submits a fundamentally different perspective by arguing
that variability in employee behaviour is crucial for operational and strategic
performance. . . . It is argued that employee variability is an absolute prerequisite
for aligning employee interests with enterprise performance interests.’
- (Dietz and Mulder, 2020)

G.5 Models and pre-scriptive work

‘Traditional thinking about enterprises considers (executive) management the
primary and exclusive custodians of enterprise performance. Employees, un-
der management control, must behave instrumentally as parts of the enterprise
machine. There is no employee variability: standard, predefined instrumental
behaviour is required and expected.’
- (Dietz and Mulder, 2020)

‘The black swan theory or theory of black swan events is a metaphor that de-
scribes an event that comes as a surprise, has a major effect, and is often inap-
propriately rationalised after the fact with the benefit of hindsight. The term is
based on an ancient saying that presumed black swans did not exist – a saying
that became reinterpreted to teach a different lesson after black swans were dis-
covered in the wild.’
- https://en.wikipedia.org/wiki/Black_swan_theory6

‘So, uncertainty, unpredictability, and chaos are inherent in complex systems,
which are non-linear, open, and processing a high degree of freedom. Assump-
tions of a cause and effect nature between action and outcome prove invalid since
these causal links disappear in the complexity of reality’
- (Hoogervorst, 2017, p. 242-243)

4(Wikipedia contributors - D, 2020k)
5(Wikipedia contributors - D, 2019b)
6(Wikipedia contributors - D, 2020b)
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