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PREFACE 

The initial spark for the systematic and systemic consideration of risk 
governance as a problem for information management was ignited in 
conversation with Professor Michael H. Faber during the course of my master 
studies in Natural Hazards Management at the Swiss Federal Institute of 
Technology (ETH Zürich). The master of disaster, as it was colloquially 
referred to by the students of the first 2009-2011 cohort, was one of the first – 
if not the first – program to offer postgraduate education in the area of disaster 
risk, not as a specialization within an established discipline, but as an inter-
disciplinary academic subject in its own right. Envisaged and designed by 
Michael H. Faber, the program was a blend of applied statistics and probability 
theory, natural and social sciences, and applied civil engineering. The 
program’s ambition was to create holistic analytic capability in support of 
decisions related to the management and governance of natural hazards at 
local, national and supra-national scales. 

It is impossible to overestimate Michael H. Faber’s intellectual and 
motivational impact on the course of my explorative learning and wayfinding. 
This course merged our paths northwards, where in 2014, the Global Decision 
Support Initiative (GDSI) was established at the Danish Technical University 
(DTU), based on Michael’s vision for a common scientific and operational 
framework for global decision support that integrates risk and sustainability 
considerations, and an inter-disciplinary academic environment that can 
support research, advisory and educational activities. My own contribution to 
the GDSI enterprise was an initial comprehensive situation assessment of the 
risk and sustainability related research, advisory and educational activities of 
the six contributing DTU departments (Civil Engineering, Transport, 
Management, Food, Environment, and Compute), together with a horizon 
scanning of the trends driving research and policy. A subsequent vision was 
outlined for the development of a master level program in risk and 
sustainability informed decision support, based on the generic scientific 
framework the GDSI was set up to develop. 

The idealistic vision of the GDSI project stumbled upon the hard reality of 
academic and institutional unpreparedness for the realization of the ambitious 
objectives. But the unfortunate circumstances of the GDSI’s arrested 
development presented a novel opportunity to pursue the original objectives 
of Michael’s vision through a joint research assistant – PhD position at 
Aalborg University. Aalborg University had, in fact, just established a master 
level program in Risk and Safety Management in 2014 in joint collaboration 
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with the University of Southern Denmark. The then-Director of the 
Department of Civil Engineering and my present PhD co-supervisor, Peter 
Frigaard, saw potential in evolving the program in accordance with the vision 
for education the GDSI was unable to realize, and I was given the intellectual 
freedom to pursue this vision in the Socratic way of “following the argument 
where it leads”… 

The intellectual transformation that this enabling environment afforded was 
further enhanced by a deeply satisfying emotional transformation of 
exchanging urban life with a life of a novice land dweller and small scale food 
gardener. Nothing has contributed more to my appreciation of the concept of 
de-growth as a qualitatively different type of growth. Similarly, my experience 
of landscape as something one observes and contemplates has been 
transformed to an interactive experience, in which perception, contemplation 
and activity have merged in what Ingold (2011) has poetically named a 
‘taskscape’. The model for education presented in this thesis is thus not only 
engendered in the mind but also embodied in this taskscape. 

Academically, my explorative path of how to integrate risk, resilience and 
sustainability into one holistic framework starts from the ideal of classical 
Greek education as a synthesis of words (knowledge) and action. During my 
undergraduate studies in ancient Greek language, history and philosophy, I 
was fascinated by the highly developed embodied cognition of the ancient 
Greek civilization, in particular by memory and cognition in Homer, the 
tragedians and the philosophers of the classical period. This influence can be 
seen in the theoretical discussion of the ontology as well as in the formulation 
of the education requirements of the blueprint.  

The four years between my undergraduate and first graduate studies I spent 
teaching English as a foreign language point back to a life-long passion for 
language and love for linguistics. They also point forward to the explicit 
consideration of image schemas as identified in the research tradition of 
embodied cognitive linguistics (Johnson 1990 and Lakoff and Johnson 1999) 
as viable structural elements for mapping the landscape of concepts in the 
ontology. Language takes many forms in the present thesis. Natural, symbolic 
and visual language aspects all contribute to the formulation of a basis for a 
shared language across conceptual traditions – philosophical, cultural and 
behavioral.   

Additional four years of mixed academic and professional involvement in the 
realm of international relations, security and intelligence, were what brought 
me to the first direct consideration of the concept of risk. Thus strategic 
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military design and intelligence techniques as well as consideration of 
concepts such as warning, surprise, preparedness, orientation, and deception 
but also trust and legitimacy made their way into the world of the proposed 
ontology and blueprint. 

An equally widespread representation is given to the knowledge tradition of 
disaster risk management, the physical and social processes that interact in 
producing harmful consequences and benefits as a result of natural hazards, 
anthropological hazards, land use practices, resource exploitation, etc., which 
takes us back to the beginning of the Preface and the fountain of inspiration 
for the present research.  

I would not describe the learning path this PhD has taken as pro-gressive or 
cumulative. My strategy has been to move deeper backwards while covering 
as wide a periphery as possible, not in the pursuit of new knowledge but in the 
pursuit of redefining knowledge boundaries by stripping off as much as 
possible the accumulated layers of assumed a-priori beliefs. 

In detailing the circumstances of how this work has come to be, one question 
has persistently required clarification to myself and to others, namely the meta 
question of what kind of thing the research of the present thesis is. 
Ontologically speaking, this question is about classification rules – on which 
shelf of the library of human knowledge does this thesis belong? This question 
I would like to invite the reader to consider as he/she reads along the pages of 
this thesis through the words of the Spanish philosopher José Ortega y Gasset, 
who defined the ultimate ontological reality as ‘life’: 

“I am me and my circumstance.” 

Meditations on the Quixote, 1914 

In the lifeworld, “I am me and my circumstances” applies equally to a 
corroded concrete beam, a white Arctic fox in winter, humanity in the 
Holocene. 

In the lifeworld, the reader has complete freedom to choose which shelf best 
fits the pragmatic arrangement of his or her library.  

Regardless the choice of shelf, my hope for the outcome of this PhD project 
is not measurable in the duration of its shelf life, but in the duration of its life 
in practical use, off the shelf. I hope that you, reader, proceed, and encounter 
something of difference that makes a difference in your circumstances. 
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CHAPTER 1. INTRODUCTION 

1.1. CHALLENGES TO GLOBAL GOVERNANCE OF INTER-
CONNECTED SYSTEMS 

“We know what should be done but we fail to do it.” 

Michael H. Faber, (2011). On the governance of global catastrophic risks 

Over the last century, risk has increasingly gained importance as a means for 
governance in the face of uncertainty and is presently utilized in largely any 
context of societal activities whether related to public governance, industry or 
research. In its ubiquity of application, risk can be seen as a multi-dimensional 
life science that spills over disciplinary boundaries, application sectors, spatial 
and temporal scales, and public-private demarcations.  

As illustrated in Figure 1 applications of risk encompass a vast number of 
industrial activities in society together with governance and management of 
health, finance, environment and natural resources. Risk is also an integral 
part of academic research and is applied keenly within the natural, technical 
social and human sciences  As highlighted in Nielsen and Faber (2020, Part 
I), however, significant disparities among the best practices of applying risk 
may be observed. This concerns largely all aspect of risk informed decision 
making, such as the basic conceptualization of risk, perception of risk, 
modeling of preferences, representation of knowledge, modeling of systems, 
risk metrics, modeling of consequences, risk acceptance criteria, risk 
communication and risk analysis tools. As demonstrated by Soares (2010) a 
major reason for this is that even though a theoretical foundation of risk 
informed decision support is readily available1, its utilizations and 
interpretations  have taken diverging courses within different application areas 
and research domains. In this manner application area and research domain 
“silo developments” have defined what can be understood as the present best 
practices on risk informed decision making and have also strongly influenced 
the academic developments within the related sciences.  

This might at first glance appear not to be a major problem, in the sense that 
it could indeed be relevant that each application area and research domain 

1 Through the seminal works of Raiffa and Schlaifer (1961) on Bayesian 
decision analysis together with the axioms of utility theory by von Neumann 
and Morgenstern (1944). 
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benefit from the concept of risk in whichever manner is best suited for their 
purposes. However, in the broader context of governance, where in principle 
all systems subject to governance are dynamically connected, and 
consequences of decisions evolve across temporal and geographical scales, 
with no notion and respect of application area and research domain 
boundaries, the present best practices in fact are a barrier for consistent 
ranking of governance decision alternatives.  

To illustrate this point a basic sketch of the silo like developments in the 
domain of risk is provided in Fig. 1 

 

Fig. 1 Illustration of the silo oriented developments of risk sciences – driven  
by specific contexts.    

In Fig. 1 the lower level bases showing the different sciences represent the 
conceptual basis for risk-informed decision making developed over time 
within the sciences. Surely significant parts of those are overlapping, but there 
are significant differences and incompatibilities as well. The individual silos 
are represented with different layers but with similar colors. These layers aim 
to illustrated the various components of importance for risk modeling and risk 
informed decision making, such as representation of preferences, conception 

Food safety

Occupational
heath and 

safety
Infrastructure

risk
management

Natural hazards
risk management

Financial risk
management

Security 
studies
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of knowledge, modeling of systems, choice of metrics,  modeling of 
consequences, representation of perception, rationale for assessing tradeoffs, 
communication, risk acceptance, risk modeling techniques and tools. The 
similar colors in the different silos indicated that in principle these 
components may be identified within all silos but in different forms.  

The lack of homogeneity results in a lack of shared language not only among 
experts, but also decision makers and stakeholders. Moreover, consistent 
aggregation and governance of risks are not possible. In the past, utilizations 
of risk as a means of navigation in optimizing economic efficiency, production 
reliability and safety, was not thought to pose a significant problem; however, 
as societies at national and global scale strive for increased welfare, and at the 
same time are challenged by climate change, diminishing renewable resources 
and population growth, this situation is changing, see also Faber (2011).  

The largest contemporary challenge for humanity is to balance growth 
(population and development) and consumption in order to ensure the 
continuity of “a safe operating space”, which in Rockström et al. (2009) and 
Steffen et al. (2015) Planetary Boundaries framework refers to the bio-
physical conditions defining the Holocene. This challenge, global and local at 
once, presents an opportunity to unify the fragmented knowledge domain of 
risk into a systems framework for modeling the complex, non-linear 
interactions among the constituent hazard, bio-physical, engineered, 
ecological, and social sub-systems that together define the boundary 
conditions for a global management and governance of risks.   

In this respect, the main epistemic challenge is to formulate a theoretical 
framework for risk science, which (i) synthesizes the individual disciplinary 
and sectoral perspectives on risk into a coherent methodical structure for 
decision support, and (ii) integrates risk, resilience and sustainability 
considerations into a holistic systems approach that facilitates the assessment 
and ranking of options in a consistent manner in accordance with preferences, 
uncertainties and the best available knowledge.  

Parallel to the epistemic challenge is the axiological challenge  of turning 
knowledge into action. This challenge is at the core of developing an adaptive 
capacity for our being and well-being in the world. The gap between knowing 
and doing, as in the quote at the beginning of this section, whether expressed 
as a gap between stated and revealed preferences, descriptive and prescriptive 
science or intentions and outcomes, fundamentally relates to our perception of 
reality as external or internal to our thought processes and our deepest a-priori 
beliefs with regard to free will.  
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The relation between knowing and doing is a central theme in the classical 
traditions of both Western and Eastern thinking. The Greeks, who invented 
tragedy, were keenly aware of, and interested in actions and dispositions 
(hubris) leading to self-destruction. Similarly, classical Chinese schools of 
thought emphasized the pragmatic application of epistemology in pursuit of 
harmonious living. In Greece, education (paideia) was the adaptive 
mechanism by which individual self-destruction or ruin as a result of lack of 
knowledge, incorrect knowledge or deception could be avoided. In China, 
education in the state academies had the function to ensure the collective 
continuity of social structure threatened by anarchic dissolution of laws and 
rules both cosmic and human while education in the daoxue (learning of the 
way) schools provided the same functionality at the level of the individual. 

For education to continue to fulfill its life-supporting function, it must evolve 
contextually as an adaptive capacity within an ever changing environment. 
The greatest challenge for education is to stay relevant while balancing 
between its function to preserve and its function to create knowledge. For as 
Nietzsche colorfully warned, an education which is only concerned with the 
transmission of established knowledge and has no creative power of its own 
leads onto a path of intellectual decay and vital demise:  

“In the end, modern man drags an immense amount of indigestible 
knowledge stones around with him which on occasion rattle around in his 

belly as the fairy tale has it. This rattling betrays the most distinctive 
property of this modern man: the remarkable opposition of an inside to 

which no outside and an outside to which no inside corresponds, an 
opposition unknown to ancient peoples.” (Nietzsche, F. On the Advantages 

and Disadvantages of History for Life, 1900/1980) 

It is evident that epistemic and axiological challenges are mutually dependent 
and that problems of risk, resilience and sustainability governance cannot be 
solved in isolation from problems of education. Governance and education 
must form a synergy through inquiry problem based learning that rests on the 
philosophical foundations of general systems theory, Bayesean reasoning and 
pragmatic consequentialism. General systems theory provides the basis for a 
process view of reality, which facilitates the representation of the inter-linking 
information flows (feedback) between systems components. Bayesean 
reasoning provides the theoretical and empirical basis not only for updating a-
priori beliefs but also weighing the relevance among multiple priors. 
Pragmatic consequentialism allows preferences, objectives and decision 
alternatives to be weighed and ranked in a consistent and transparent way with 
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respect to the outcomes of actions – and this in turn serves the ultimate goal 
of achieving informed preferences for actions of governance. 

In the collection of papers that make up this thesis, epistemic and axiological 
challenges to the sustainable development of human civilization are explored 
for the purpose of defining a scientific paradigm through which they can be 
optimally addressed. As such the overarching motivation for the research 
undertaken is to contribute to the foundation of a unified theory of risk, 
resilience and sustainability that may provide the basis for informed 
preferences, decisions and actions in pursuit of sustainable well-being. 

1.2. OBJECTIVES OF THE THESIS AND RESEARCH 
QUESTIONS 

The principal objective of this PhD project is to establish the theoretical and 
methodological basis for an integrated risk, resilience and sustainability 
science that provides the logical basis of an education for governance. 

A science is to be understood as a structure for the organization of knowledge, 
with the following essential characteristics:  

(i) a set of decision problems to be addressed,  

(ii) a set of concepts that describe and explain phenomena relevant to the scope 
of (i); 

(iii) a topology of the relations contained in (ii) 

There are ubiquitous references in the scientific and gray literature over the 
past several decades to an emerging risk or emerging sustainability, or 
emerging resilience science. Indeed these knowledge domains have grown 
significantly in that period (see Nielsen and Faber 2019) in terms of research 
output, and some efforts have been made to formulate a theoretical and 
methodological basis for a sustainability science (e.g., Kates et al. 2001) or a 
risk analysis science (e.g., Aven 2018). Research integrating risk, resilience 
and sustainability into a common scientific and operational framework is, in 
comparison, at the vanguard in the state-of-the art (see e.g., Faber 2018).  The 
integration of these three knowledge traditions into a unified discipline with a 
common set of concepts, common methodological basis for causal reasoning 
and a common set of problems that can be addressed through contextually 
driven trans-disciplinarity is the intended outcome of the present PhD study.  
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The research questions pursued to this end are:  

Q1. What are the trends and challenges driving research in the knowledge 
domain of risk? 

Q2. To what extent are resilience and sustainability considerations integrated 
in the knowledge domain of risk? 

Q3. What are the benefits to decision-makers and stakeholders at different 
scales of integrating risk, resilience and sustainability considerations into a 
common scientific and operational framework? 

Q4. Are trends and challenges driving research in the knowledge domain 
reflected in educational practice? 

Q5. What are the generic theoretical underpinnings (concepts and methods) of 
risk analysis that are applicable to different kinds of hazards, academic 
disciplines, and application areas?  

Q6. What classification methods can be used to develop a domain ontology? 

Q7. What logical criteria should be used for including/excluding a concept 
and relating concepts topologically? 

Q8. What design methods can be used to develop a blueprint for the design 
and planning of educational offers, for which the domain ontology provides 
the structuring principle such that research and education may evolve 
concurrently and relative to the challenges posed in a given decision context? 

Q9. What design principles, methods and tools can be used for the 
visualization of the ontology and the blueprint in order to most effectively 
communicate the logic of the design to stakeholders and users? 

 

In the papers included in this thesis, the challenge of providing a knowledge 
structure based on the principles of unity in multiplicity and a shared language 
among disciplines and cultures is thus taken up by establishing:  

(i) Rules for classification of hazards that are logically consistent with the 
principle of unity in multiplicity;  
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(ii) Rules for classification of concepts that enable a flat but structured domain 
ontology; 

(iii) A domain ontology of concepts for an integrated science of risk, resilience 
and sustainability generic of application area; and  

(iv) A blueprint for the design and planning of educational activities in support 
of governance of inter-connected systems. 

1.3. THESIS OUTLINE 

Table 1 provides an overview of the organization of the present thesis. It 
shows how each chapter is related to stages in the research process as well as 
the main outputs from each chapter with respect to the entire research design. 
In the rest of Section 1.3 the contribution of each chapter to the thesis is 
elaborated. 

Chapter 1 is an introduction to the problem context. It discusses the epistemic 
and axiological challenges and their inter-relations for the knowledge tradition 
of risk, together with the motivation for integrating risk, resilience and 
sustainability into a unified science. Because this motivation entails bringing 
about epistemic and behavioral changes in addressing governance challenges, 
a pragmatic research design philosophy is chosen that seeks a synergy 
between research and education, knowledge and practice through the radical 
constructivist approach of inquiry problem based learning. In this manner, the 
research objectives and research questions are introduced relative to the 
problem, to which the undertaken research seeks to provide a solution.  

Chapter 2 provides an overview of the research design. This includes a 
description of the research philosophy, research approach, methodological 
choice, research strategy, time horizon, and data.  

Chapter 3 is the first of the seven papers that make up this thesis. The paper is 
a large-scale bibliometric literature review of the state-of-the-art in risk, 
resilience and sustainability between 1990 and 2017.  This study has three 
functions within the overall PhD project. 
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Table 1 Logical organization of the thesis. 
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First, it provides a longitudinal situation assessment of the state of research in 
the three knowledge traditions of risk, resilience and sustainability and the 
extent to which they are presently integrated. This includes a historical 
timeline of the evolution of research in terms of volume; distribution of 
disciplinary composition; and distributions of the geographic origin, academic 
institutions, and authors producing the research. Based on this bibliometric 
data, an analysis of the trends driving research as well as an analysis of the 
impacts for governance, management and education is presented following a 
qualitative hermeneutic method. 

The second function of the bibliometric study is to provide insight into the 
causal processes responsible for the gap between knowing and doing, with a 
focus on ineffective best practices in research. Central among these are 
practices stemming from:  

(i) Context-dependent representations of physical phenomena such as the 
practice of classifying hazards by their source of origin (this is elaborated in 
Chapter 4); 

(ii) Lack of homogeneity among disciplinary contributions to the general body 
of knowledge on risk, characterized by multiple competing definitions of 
concepts (including instances of polysemy and homonymy) and arbitrary, 
unsystematic use of methods and metrics; and (iii) Separation of risk, 
resilience and sustainability knowledge domains into their individual 
disciplinary traditions, of which they have emerged as sub-disciplines in terms 
of theories and methods. 

Based on these causal considerations, a set of misfits stemming from 
inadequate research practices is identified. The same causal considerations are 
observed to apply to the domain of education (see e.g., Nielsen, L. 2020) and 
are used as the basis for developing a set of misfits stemming from inadequate 
education practices. The effects of these two pairs of misfits represent a gap 
between research and education, which in turn has indirect consequences for 
the effectiveness of governance practices. The misfit pairs thus play a central 
role in identifying educational requirements upon which a blueprint for 
education is designed and presented in Chapter 5, Part III. 

Finally, the third function of the bibliometric study is to identify a set of 
potential concepts that are of mutual interest to the knowledge traditions of 
risk, resilience and sustainability because they are used to describe and explain 
phenomena that concerns a common set of decision problems. This is first 
done on the basis of statistical cluster analysis of a corpus of 0.5 million 
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scientific publications resulting in network visualizations of terms (concepts) 
and links. Terms have a label and a circle, whose size indicates the number a 
term occurs in a title or abstract. The strength of a link between two terms 
expresses the number of times the terms occur together. But while the 
clustering method offers a transparent basis for identifying concept 
alternatives for a domain ontology, it is insufficient in itself as a criterion for 
deciding the relevance of individual concepts. Indeed, the paper argues that 
some of the most obvious candidate concepts in terms of the frequency of 
occurrence and the strength of their co-occurrence are concepts that do not 
meet the scientific criteria of the planned ontology: generic application and 
freedom from a-priori value setting (this is discussed in depth in Chapter 5, 
Part I, Section 3 and in Chapter 5, Part II, Section 4.1). For this reason, the 
statistical data mining approach is complemented by a qualitative hermeneutic 
method of data interpretation. 

Like Chapter 3, Chapter 4 aims to identify the causal factors responsible for 
the gap between knowing and doing but in this case through a situation 
assessment of the logic and principles of present practices in decision-making.  

Three practices are identified as central to why and how decisions and actions 
are presently made such that the gap between knowledge and action continues 
to widen. A logical scheme then is proposed for how the concept of 
‘information’ and methodological approaches based on information modeling 
can be instrumental in diminishing the gap. 

The first of these practices relates to cognitive biases associated with the 
perception of hazards as being qualitatively different when they are 
experienced as intentional or non-intentional. These biases reflect deep a-
priori beliefs about the objective or subjective nature of reality, what can be 
measured quantitatively or qualitatively, what phenomena can be predicted 
and what remains necessarily unpredictable, what constitutes necessary and 
sufficient conditions for truth, and what may be counted as evidence. Risk 
perception and communication are prominent on the lists of misfits for 
research and education, and are clearly a major challenge to decision-making. 
Yet research in this area has stalled since the 1990s (Nielsen and Faber 2019) 
while in education, risk perception is rarely, if ever, part of curricula. Risk 
communication is addressed only marginally in the context of emergency 
communication protocols. For this reason, both in the design of the ontology 
(Chapter 5, Part II) and the education blueprint (Chapter 5, Part III), much 
effort has been expended on minimizing misfits related to perception and 
communication.  
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The second practice that widens and deepens the gap between knowledge and 
action in practice relates to the classification of hazards by their source of 
origin. This practice is the cause for classifying hazards into natural or 
anthropological, and further into accidental or intentional. Based on this 
practice, disciplinary specializations have multiplied to address a Pandora’s 
box of hazards from earthquakes to oil spills to space debris to cyber attacks, 
etc. contributing to the general body of knowledge on risk by adding to the 
plethora of multiple technical definitions for single concepts, debating the 
validity of their endorsed methods, and waging disciplinary-cultural wars on 
what metrics should legitimately be used to measure phenomena. 
Furthermore, this practice leads to partiality (both in the sense of bias and 
incompletion) in risk assessment, which leaks inefficiency and inefficacy in 
the subsequent stages of risk management, governance and regulation. 

A new hazard classification is proposed in Chapter 4, which classifies hazards 
into five information types based on the common sets of characteristics 
associated with their consequences. This classification enables the modeling 
of hazards and risks such that system boundaries are defined according to the 
context, i.e. the extent in space and time of the sum total of direct and indirect 
consequences, to the best of available knowledge. Further affordances of this 
classification scheme include the potential for replacing the single sector 
approach to governance with a multi-hazard and all-hazard approach 
(discussed in Chapter 5, Part I, Sections 2.2.1 and 4); and replacing the 
disciplinary approach within research and education with contextual trans-
disciplinarity such that the appropriate mixture of disciplinary subject matter 
and methodology is determined on the basis of each problem (context) 
(discussed in Chapter 5, Part III, Section 4). 

Finally, the third practice splitting knowledge and action in practice relates to 
the reliance of risk managers on procedural frameworks and guidelines (e.g. 
ISO procedural frameworks, DRM frameworks), which are not adaptive to 
context dynamics. In Chapter 4 it is argued that the preference for procedural 
frameworks should be abandoned in favor of scientific frameworks based on 
Bayesian reasoning. This is because the latter enable not only the updating of 
prior to posterior knowledge (evidence based on the degree of belief) but also 
enable the assessment of the relative importance among possible prior beliefs 
(i.e. pre-posterior value of information analysis). 

It is thus in Chapter 4, where the concept of ‘information’ is identified as the 
common denominator for linking risk, resilience and sustainability. A system 
representation of the information flows between human actors involved in 
decision processes (stakeholders, decision-makers and risk specialists) and 

13



indicators of system states and consequences is established. Based on this, five 
information conditions are identified that can influence the outcome of 
decisions. These information conditions form the basis for a novel hazard 
classification by information type instead of the current practice of classifying 
hazards by their source of origin.  

When anchored in the concept of ‘information’, an integration of the 
heretofore separate knowledge traditions of risk, resilience and sustainability 
into a unified science is logically enabled. What is more, the information basis 
provides the logical foundation for such science to be truly generic, 
independent of application area, and free of a-priori value settings. The label 
‘information theoretic’ is used in Chapter 4 and the triad of papers that 
constitute Chapter 5 as an umbrella term for theories and methods based on 
Bayesian reasoning, including probabilistic methods, systems theory and its 
logical basis in process philosophy, affordance theory, embodied cognition 
theory, and the Chinese Daoist school of philosophy. Together, these provide 
the logical basis for a domain ontology of concepts of an integrated risk, 
resilience and sustainability science whose function is to help in-form the 
preferences, decisions and actions of individuals and collectives (the ontology 
and its functional affordances are presented and discussed in the triad of 
papers included in Chapter 5). 

Chapter 5 consists of a triad of papers (Part I – III), which collectively aim to 
lay the foundations for an integrated risk, resilience and sustainability science. 
That  includes: 

(i) formulation of the purpose, scope and target audience for this integrated 
science (Part I); 

(ii) establishment of the logical premises through a domain ontology of 
concepts generic to the phenomena the individual traditions of risk, resilience 
and sustainability aim to understand and model (Part II)); and 

(iii) development of a model (blueprint for education design) for how (ii) can 
support a synergy between research and education (inquiry problem based 
learning) as the instrumental means of achieving the objectives of governance 
based on informed (rather than stated or revealed) preferences (Part III). 

The problem addressed in the triad of papers is formulated as a design 
problem, for which matter-form-function reasoning elaborated in the 
architectural design methodology of Alexander (1967) provides a paradigm 
for best-fit problem solving. As a truly generic paradigm for creative 
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synthesis, it enables an analogy to the process of structural design in civil 
engineering where function-form-matter logic similarly underlies the 
construction of any artifact in the built environment. Whether it is applied in 
the context of biology, ecology, engineering, architecture, philosophy, or art, 
a key characteristic of this approach is its emphasis on context, which is to be 
understood as the dynamic interaction of entities in motion. 

In the triad of papers included in Chapter 5, matter is information – the 
immaterial material and the contents of form. In the design of the domain 
ontology, matter means the set of all concepts possibly relevant to the set of 
decision problems a unified science of risk, resilience and sustainability may 
addressed, to the best of knowledge. Form means the structural arrangement 
of the set of concepts in a domain ontology. In Chapter 5  form is described as 
a flat hierarchy. What this means is that the concepts are grouped 
categorically, but no category is more or less significant than another one prior 
to a formulation of a particular question (decision problem context). To 
explain how particular concepts acquire meaning or significance only in 
relation to a context, two planes in the ontology are distinguished: flat and 
semantic planes. The flat (also referred to as formal) plane is based on the 
concept of non-informative priors from Bayesian probability theory (Part I, 
Section 2.2.4). The flat plane of the ontology is presented and discussed in 
Part II of the triad. The semantic plane is where a concept’s relative 
significance is weighed in relation to the context of education. In interaction 
with misfits and educational requirements, concepts from the ontology form a 
dynamic model (blueprint) for education. The semantic plane is the subject of 
Part III of the triad. 

The challenge to make multiple disciplinary traditions inter-operable in a 
common framework is immense. Its importance cannot be overstated in the 
context of developing objectives and metrics on which to base strategies for 
resilient and sustainable governance. Since these objectives and metrics 
involve many global challenges, they cannot be formulated based exclusively 
on Western conceptual and cultural (behavioral) traditions. To this end, a 
shared language for an integrated risk, resilience and sustainability science is 
instrumental to not only solving the problems that make up the agenda of this 
science, but also to ensuring that the right questions are asked. A shared 
language is not a matter of synchronizing glossaries of technical terms among 
disciplines, or importing - exporting neologisms across speakers of different 
languages. A shared language in Chapter 5 is discussed in terms of a shared 
conceptual system.  
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To address the possibility of a shared language among disciplinary traditions 
within the Western conceptual system, the research tradition of embodied 
cognition provides an empirically tested model of image schemas as dynamic 
structures for categorizing experience (Lakoff and Johnson 1999). 
Biologically in-formed but undetermined, image schemas interact with the 
context (sensory, cultural, spatio-temporal) in producing meaning, not in a 
symbolic sense-reference manner but in action. Image schemas are thus used 
to unravel the perceptions that in-form the con-ceptions included in the 
ontology (Chapter 5, Part II, Sections 5-6)  

To address the possibility of a shared language among cultural traditions, 
Chapter 5 goes to some length in trying to find a basis for a shared language 
between the philosophical-cultural traditions of West and East. The Chinese 
tradition is selected as it is typically perceived as antithetical to Western 
thinking. Starting with the introduction of categorical pairs (the Chinese 
ontological unit) as complements to the individual categories (the Western 
ontological unit) in the ontology (Part II) to placing side by side in the 
educational requirements of the blueprint (Part III) the Chinese notion of 
daoxue (learning the way) and the Socratic ideal of “following the argument 
where it leads”, a rudimentary step has been made toward this non-trivial 
challenge. 

In Chapters 6 and 7 examples are provided for the application of the 
theoretical contribution of this PhD study to education and to governance. 

Chapter 6 includes a paper written collaboratively by students and teachers in 
the context of an EU Erasmus +  project aimed at developing educational 
designs in the context of disaster risk management and promoting knowledge 
sharing in a consortium of countries from the Western Balkans, Central 
Europe and Scandinavia. The specific problem context of the paper is to 
investigate a possible correlation between social cohesion and disaster 
recovery, which may form the basis for policy in the geographic region known 
as the Western Balkans. The results presented in this paper are not of direct 
relevance to the PhD’s goals and objectives. However, it was considered 
relevant to include in this thesis as the process of its production served as the 
basis for the design of one of the multiple adaptive learning pathways 
described in Chapter 5, Section 5. The same paper provides the basis for the 
sketch of a repository of digital learning objects in support of adaptive learning 
navigation described in Chapter 5, Annex A. 

Chapter 7 includes a paper to which the author of the present PhD has 
contributed (in Sections 1-3) to the theoretical basis of a decision framework 
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for the governance of risk, resilience and sustainability based on informed 
rather than stated or revealed preferences. The paper is considered relevant for 
the thesis as it provides an example application for how the theory developed 
in the present thesis can contribute to the applied decision context of urban 
resilience. 

In Chapter 8 results are discussed in relation to the thesis’ objectives and 
research questions. Chapter 9 closes the thesis with a reflection on the thesis 
contribution to the general body of knowledge on risk, resilience and 
sustainability and an outlook for future activities. 
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CHAPTER 2. RESEARCH DESIGN 

The research design of the present thesis is structured according to a model 
developed by Saunders et al. (2015) to facilitate the planning of research 
activities, including research philosophy, approach and methodologies. In Fig. 
2 a visualization of the research design components and choices is provided 
in accordance with this model. 

 

Fig. 2 Research design based on the model of Saunders et al. 2015. 

In the following, the layers of the model are described and an explanation 
provided for the specific choices made in the context of the present PhD thesis. 
The selected options are circled in red. A dash circle indicates that a given 
option was partially adopted. Options which are not part of the original model 
but were added by the author to more specifically describe philosophical 
positions, research strategies and data techniques appear in red font. 

In the original formulation of the model by Saunders et al. (2015), the initial 
stage of the research process is associated with the outer-most layer, i.e. the 
layer called ‘Research Philosophy’. However, the sequence of steps followed 
in the actual research of this PhD project has been the reverse, i.e. initial point 
for inquiry is data. Surely, whether a bottom-up or top-down approach is 
chosen is also a philosophical question. The data driven phenomenological 
approach chosen in the thesis is coherent with the philosophical position of 
embodied realism, so the author feels justified in adding this option to the 
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