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Preface

’Odesys, a pure act of socio-technical design integration to confront
con
icts and dissolve problems with and for people.’

Why, so often,

.... do we build what nobody wants?

.... do engineers optimise their solutions based only on physical capabilities and
fail to consider the stakeholders’ desires?

.... do policy makers keep the decision-making process non-transparent and non-
participatory?

.... do conflicts stem from failed attempts to constructively design?

.... do we continue to democratically govern through past compromises instead of
socially designing future syntheses?

These are typical questions arising from real-life experiences within the public
space, our built environment and infrastructure management practices. The actual
answer to these questions is that socio-technical problems are often solved from a
one-sided point of view, without considering the fact that the problem is multi-
faceted. Misrepresenting this complex and interconnected problem nature results
in what we call ‘bridges to nowhere’ solutions. Therefore, a participatory process
that does justice to both the ’hard’ technical and ’soft’ social aspects within solv-
ing these problems is needed. It is thus crucial to truly connect and bridge the gap
between human preferences (‘desirability’) and system performances (‘capability’)
using transparent models for complex systems design and integration solutions
(‘feasibility’). These models offer unprecedented opportunities and ‘bridges to
anywhere’ solutions. Moreover, if stakeholders dare to confront their conflicts and
put their ‘cards’ openly on the table, pure best fit for common purpose design
solutions will become possible. Designing is thus a matter of conflict dissolution.

The state of the art design methodology Open Design Systems (‘Odesys’),
as introduced in this book, enables all the aforementioned and answers the above
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4 PREFACE

questions. It is Odesys’ purpose to foster adoption of civil infrastructures that sur-
round us every day through a multi-system level socio-technical approach, suppor-
ted by sound mathematical open-glass box models as means of observation during
participatory design and collaborative decision-making. Here, systems thinking
and a stakeholder-oriented focus is required to search for different solutions within
an open-ended solution space, uniting both capability (technics) derived from the
system properties, and desirability (economics) derived from individual subject’s
objectives. This will result in an open dialogue and co-design approach that en-
ables a-priori best-fit for common purpose design synthesis dissolution, rather than
a-posteriori normative design compromise absolution. This makes Odesys a pure
socio-technical systems integration methodology that offers a wide range of multi-
objective design and decision making applications, uniting stakeholder preferences
(‘what a human wants’) and physical assets performances (‘what a system can
deliver’). Moreover, classical multi-objective design optimisation methods suffer
from fundamental mathematical flaws and do not provide a single best-fit design
configuration, but rather a set of design alternatives. This leaves designers without
a unique solution to their problems.

As part of this Odesys methodology, a new Integrative Maximised Aggregated
Preference (IMAP) optimisation method for maximising aggregated preferences is
introduced. According to classical decision theory, decisions are based on pref-
erence. Here, preference is an expression of the degree of ’satisfaction’, and it
describes the utility or value that something provides. That is why we trans-
late all the different stakeholder objectives (including money) into one common
preference domain to find a best-fitting aggregated optimum. The IMAP method
forms the basis of a new software decision support tool called the Preferendus, in
which individual stakeholder preferences, social objective- and technical design per-
formance functions are integrated into one aggregated preference function. Here,
Odesys combines the state of the art mathematical principles of Preference Func-
tion Modeling (PFM) with both the extended social threefolding theory and the
models from the organizational development theory-U. Odesys takes the math-
ematical application of the PFM theory a step further by extending it from an
a-posteriori evaluation to an a-priori design methodology. Moreover, it uses PFM
based multi-criteria decision analysis and the social threefolding theory to derive
the so-called Corporate Social Identity (CSI) indicator, which is an expression
to identify the socio-eco purpose and corporate responsibility of an organization.
Odesys also introduces a new threefold modeling framework linked with the open-
ended Odesys U-diagram, that connects the socio-technical design process, through
a three-layer metamorphosis of picture-purpose and prototype and incorporates
three open-ended design loops: (1) open config – technical cycle, (2) open space
-social cycle and (3) open source - the purpose cycle. Odesys’ added value and
use are demonstrated for design and decision applications within a real-life engin-
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eering management and service provisioning context showing how to achieve pure
’best-fit’ for common purpose solutions.

First of all, this book can be used by academic colleagues working in the field
of complex systems design. The methodology is not limited to infrastructure and
building applications in public space, but Odesys and its IMAP/Preferendus can
also be used for a much broader range of participatory design and decision-making
problems. Problems that need to be solved within a socio-technical context, where
multiple stakeholders with different conflicting interests are seeking to arrive at
the best solutions for common solutions or where stalemate situations need to
be dissolved through transparent conflict management. Therefore, this book is
also of interest to industrial professionals working within public and/or private
organizations, where socio-technical decision-making can be both hardened and
opened by the Odesys principles and its Preferendus. Only this will enable organ-
izations or cooperating organizations, where old so-called democratic top-down
control decision-making processes govern, to transform themselves into sociocratic
bottom-up organizations where participatory and open-minded design processes
result in future-oriented socially responsible synthesis solutions.

Secondly, this book serves as the primary reference material for a substantial
number of TU Delft systems design and management courses for master students
(MSc) from diverse backgrounds. All of these integrative engineering and manage-
ment courses are being conducted along the principles of the state of the art educa-
tional ODL concept. ODL is a constructivist and design-based learning approach
(“learn to design by real-life designing”) where students actively develop new solu-
tions originating from their inner and outer designs. It forms the fundamental basis
for creating ‘open, integrative and persistent learners’ concerned about dissolving
future world problems. ODL, like Odesys, is not limited to education within a
technical context. It is in fact an educational concept that in principle can be
used in any discipline where there is an openness to apply design-based learning
to develop what does not yet exist, instead of instructivist research-based learning
which investigates what already exists.

Thirdly the name of this book, Odesys, is not just an abbreviation, but is in-
spired by Odysseus, who was a legendary Greek king of Ithaca and one of the most
influential Greek problem solving champions. To become a true Odesys engineer,
three typical sayings from the famous Odysseus stories might be companions on
your personal problem solving journey:

� ‘Find an Odysseus ruse, like the Trojan horse‘, meaning a creative way out
of a seemingly insoluble problem;

� ‘Be able to choose between Scylla and Charybdis‘, meaning how to find/
secure the golden mean even in the case where one has to (merely) balance
between ‘two evils’;
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� ‘Make use of Cassandra information‘, meaning a prophecy of doom that later
proves to be correct and in particular based on true relevant information that
one should not or does not want to hear.

In closing, I would first like to sincerely acknowledge Ruud Binnekamp and
Harold van Heukelum for their valuable support, their co-creation activities and
their constructive feedback on designing and developing this book. I really enjoyed
our joint Odesys expedition. Moreover, the editorial help of students Lukas Teuber
and Matt Julseth was much appreciated. In addition, I wish you as a reader a true
Odesys journey that starts from an open-minded and ’con-scientific’ perspective,
a perspective that goes beyond a purely materialistic-physical one. Also, I wish
you much success in using Odesys & ODL in your specific context and discovering
its added value as spiritual mind and physical matter converge. I plead for a syn-
thesis solution of a dual gesture: outward opening and inner deepening to unite
the open design impulse. I invite you to contribute to this ongoing development
effort so that Odesys & ODL will not only mature, but also spread its wings to
cover domains other than just the engineering management domains. Finally, I
am convinced that everyone has a designer within themselves; it is the pure art of
Odesys & ODL to awaken this inner designer.

Delft, Prof.dr.ir. A.R.M. (Rogier) Wolfert
June 2023

open-design.school odesys.nl
rogier@odesys.nl

https://open-design.school
https://odesys.nl
mailto:rogier@odesys.nl


Contributions

In this section, we present the most important new Odesys contributions in this
book. These are deltas drawn in comparison with earlier important works by sev-
eral leading academicians within the field of socio-technical design, organizations
management, mathematical modeling within engineering physics and/or manage-
ment sciences, education- and/or research development (see the Bibliography for
their main reference works). Note that the author had the privilege of working
with some of them at TU Delft, the University of Nizhniy Novgorod, and within
various (inter)national workshops over the past 30 years. Partly based on their
inspiration, we have developed the significant contributions of Odesys which are
concisely summarized below.

Contribution (1)
Compared with earlier work of Ackoff, Van Gunsteren, Van Loon:

� Extension of the earlier open design principles by Van Gunsteren/Van Loon,
with a human oriented threefold decision making U-model, comprising of
a technical, social and a purpose cycle, enabling an idealized design meta-
morphosis ‘picture-purpose-prototype’.

� A full non-linear multi-objective design optimisation approach extended with
(a) systems’ capabilities and human desirabilities, (b) technical design per-
formance functions, as opposed to the linear program approach of objective
functions only, (c) extended towards different domains of application, as op-
posed to architecture only.

� An integrative social threefolding based Preferendus for collective decision
making, taking the collectivist utility based decision-making a step further.

Contribution (2)
Compared with earlier work of Barzilai:

� Extension of Barzilai’s Preference function modeling and measurement (PFM)
principles from a pure multi-criteria decision analysis (MCDA) approach to-
wards a multi-objective design optimisation (MODO) approach.

7



8 CONTRIBUTIONS

� A generalised mathematical threefold framework for multi-objective socio-
technical design optimisation: i.e., a threefold modeling framework of in-
tegrative performance, objective and preference functions supported by a
new optimisation method that enables the integrative maximisation of the
aggregated preferences (IMAP).

� A full intergenerational genetic algorithm (GA) solver to search for the in-
tegrative maximum aggregated preference using PFM principles.

Contribution (3)
Compared with earlier work of Blanchard, Dym, Fabrycky, Little:

� A pure socio-technical design methodology supported by the qualitative
Odesys U-model and the quantitative Preferendus which supports a design
synthesis and goes beyond the usual one-side technical design methodologies
as for example in the classical V-model.

� A new state of the art PFM based optimisation method IMAP that (a)
suffers from fundamental mathematical flaws (b) provides a single best-fit
design configuration, rather than a set of design alternatives following from
classical approaches.

� A new socio-eco common interest diagram which for the basis for the social
design cycle and design to best fit for common purpose. A translation and/or
connection between common socio-eco interests and (a) the individual pref-
erence function (stakeholders individual desires) and (b) design performance
functions (physical/mechanical object behaviour)

Contribution (4)
Compared with earlier work of Brüll, Glasl, Kahneman, Lievegoed, Scharmer:

� Extension of the Glasl’s/ Scharmer’s U-model and theory (a) to design and
learning & development (b) incorporation of Kahneman’s ‘thinking slow’
supported with open glass box modeling (c) integration of epistemological
and ontological U-model approaches.

� Extension of social threefolding principles and elaboration to a service pro-
vider with the so-called economic, isonomic, and ecologic sub-parts and its
socio-eco purpose. This also enables (a) the qualitative basis for the Prefer-
endus (b) to quantify and evaluate the Corporate Social Identity (CSI) using
the socio-eco purpose characteristics and PFM modeling.

� Quantitative support and transparent substantiation for Glasl’s qualitative
model of conflict escalation by confronting the conflict and the Preferendus
‘getting into yes’.
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Contribution (5)
Compared with earlier work of Metrikine, Neimark, Vesnitskii:

� Extension of the use of mathematical models of systems dynamics, which
were primarily used to study wave dynamics phenomena in elastic systems
(e.g. transition radiation and dynamic system behavior), to an approach
for design optimisation. Incorporation of these physical system dynamics
models into the IMAP/Preferendus.

� Automated search algorithm to find the optimal design parameters given
different physical constraints and/or objective functions, including the in-
tegration surrogate modeling.

� Automated search for best-fit mitigation measures using an integrative ap-
proach of non-linear optimisation, probabilistic Monte Carlo simulation and
PFM for dynamic control on-the-run (incl. Discrete Event Simulating (DES)).

Contribution (6)
Compared with earlier work of Eekels, Heusser, Roozenburg, Zajonc:

� Extension of Eekels/Rozenburg’s R&D process flows, including a new 4-
Quadrants model to position Odesys within the empirical R&D context.

� An extended 4-Quadrant model (compared to the pure empirical one, and
elaborating Heussers’s call for a ’new’ science) to position Odesys within the
con-science context, including open-ended research questions for further self
schooling.

� Integration of the Glasl’s/Scharmer’s U-model with Zajonc’s principles of
the theory mind and its contemplative inquiry.

Contribution (7)
Compared with earlier work of Ackoff, Argyris, Biesta, Schön, Schieren:

� Extension of Steiner Waldorf education for Master students within the age
of 21+ (so far this education concept has only been developed for students
under 18-21 years of age).

� A new constructivist open design learning (ODL) concept that (a) educates
future problem solvers and persistent learners (b) goes beyond research and
inquiry based learning concepts such as organizational/experiential learning
(c) integrates the human learning & development process, viewed from the
general human (threefold) principles. This includes a new ODL U-model and
other new concepts like the ODL response, ODL commendation and so on.

� A new way of design-based learning where students choose their own System
of Interest (SOI) as an ODL learning vehicle, as opposed to a given and
predefined casus that has already been solved by the teachers (such as in
most of the existing PBL/CBL/CDIO education concepts). This includes
Odesys’ U-based modeling and the use of IMAP/Preferendus (’double-U’).
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Commendations

In this section, a number of collegial commendations are included from various
scientific and industrial fields. These are drawn from different perspectives with a
specific focus on parts of this book, such as design and decision science, mathem-
atical modeling, socially responsible systems design, conflict management, design-
based education, and industrial applications. Their substantive endorsements are
given below.

Commendation (1)
“Existing system design methodologies are one-sided because they ignore the dy-
namic interplay between preferences of the users (demand) and the physical per-
formance of the engineering aspects (supply). Moreover, classical multi-objective
optimisation methods contain fundamental modeling errors. Also, these classical
multi-objective optimisation methods do not o�er a best-�t design point but rather
a set of design performance alternatives. This leaves designers without a unique
solution to their problems. Finally, current multi-objective optimisation processes
are rather disconnected from design and management practices because they lack
deep involvement of decision makers in expressing their con
icting interests in one
common preference domain.
To overcome these shortcomings, the author of this well-written book o�ers a new
open design system methodology and a novel integrative optimisation method which
is based on maximising the aggregated group preference. Their added value and use
are demonstrated in real-life design applications, which show how to arrive at a true
best �t for one common-purpose design. This ground-breaking work is based on the
highly original and e�ective Preference Function Modeling (PFM) methodology in-
troduced and studied by Barzilai. Wolfert and his colleagues have converted PFM
from an evaluation methodology into a design methodology, which I am certain will
be of great interest and value to theoreticians and practitioners alike.”

Simeon Reich (Doctor of Sciences)
Professor of Mathematics

11



12 COMMENDATIONS

Commendation (2)
“It is a real essential advance that Wolfert integrates within the Odesys meth-
odology, the ontological U-model we developed with my colleague Lemson of the
Netherlands Institute for Organizational Development (NPI) with the epistemolo-
gical and now widespread U-theory of Scharmer from MIT, into a holistic model of
great practical value for strategic management, organizational development, design-
based learning and con
ict management. Particularly in my work as a mediator
in dramatically escalated multi-party political con
icts, de-escalation was found to
be easier by �rst �nding a consensus on what the con
icting parties perceive as a
horrible and undesirable future to be prevented, before they could agree on positive
perspectives of a desired future and constructive ways to achieve it.
Odesys has the potential to truly connect stakeholders and bridge the gap between
their con
icting interests using transparent and participatory methods and models
to �rst de-escalate their complex problems and then provide shared solutions.“

Friedrich Glasl (Doctor of Sciences & honorary Doctor)
Professor of Conflict management & Organization development, founder of Trigon

Commendation (3)
“An important challenge of systems design, whether it concerns roads, airplanes
or government policies, is that it has to respond to engineering needs and wants
of many di�erent stakeholders. More than ever, next to research, engineering and
management oriented institutes of higher education need to foster design capabilit-
ies. With a cutting-edge approach, embedded in a harmonious framing of pragmatic
design activity and scienti�c inquiry, this book provides a rigorous solution for
multi-stakeholder design problems. Wolfert further contributes with a construct-
ivist, experiential design learning approach that recognizes stakeholder preferences
and helps students to address socio-technical complexity in systems design.
I strongly recommend this volume to educators of design, engineering and man-
agement, to researchers interested in preference-based optimisation, and to practi-
tioners who are wondering how to create socially responsible systems.“

Lóri Tavasszy (Doctor of technical Sciences)
Professor of Logistics systems & Freight transportation

Commendation (4)
“The topic of integrating human preferences into system design optimisation is
important. Over the years, many methodologies were proposed and used to tackle
this issue. Nearly all of them su�ered from some serious 
aws caused by using
inadequate ways to quantify and measure human preferences. Wolfert and his
colleagues o�er a novel and promising methodology to address the system design
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challenge through the Preference Function Modeling (PFM) that was developed by
Barzilai over the last three decades. PFM was proven to overcome major 
aws in
previously used methods and as such it can become a highly useful and e�ective
tool for future system designers seeking to take true account of the preferences of
various stakeholders involved in the design.”

Boaz Golany (Doctor of Sciences)
Professor of Data & Decision sciences

Commendation (5)
“Our contemporary engineering challenges must increasingly meet multiple object-
ives which even become more complex. Not only technical feasibility or safety is
required, but also economic feasibility, contractual compliance, social responsibility,
environmental management and other requirements must be met simultaneously.
Odesys has so far proved to be ideally suited for �nding these best-�t solutions.
Wolfert and his colleagues bring a new perspective within this �eld of design op-
timisation and operational excellence. Their new Preference Function Modeling
(PFM) based design methodology Odesys, operationalised in the design and decision
support tool the Preferendus, has been applied to several industry use cases. The
Preferendus was capable of outperforming existing design/decision management
approaches to searching for the most optimal synthesis for multiple stakeholder,
ranging from planners, engineers, production managers and/or vessel captains.
The developments the author describes in this book are of great signi�cance in
bringing the Odesys methodology to industrial value within a broad engineering
management context.“

Sander Steenbrink (Doctor of technical Sciences)
Director Corporate Research & Development at Boskalis
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Reading guide

This Open Design Systems (Odesys) book is split into three main parts:

I – Setting the Odesys scene. In the first part (Chapters 1-5), we set the
Odesys scene by first defining our frame of reference and Odesys’ key starting
points and paradigms, including a view on world and man. We then put forward
our perspectives on design and management within the context of science and
engineering. We also present our view on how to mathematically model design
and decision problems. In other words, we gradually zoom in from the science
and engineering context and the respective positions of design and management,
through the socio-eco management organization with engineering assets in order
to finally mathematically- and U-model the participatory design and decisions
related to these engineering assets considering the stakeholders’ conflicting socio-
eco interests.

Key topics that are introduced within this part are: (1) R&D methodologies
and the 4-Quadrants models to position Odesys (2) the socio-eco organisation
model as the basis for quality of service (QoS) engineering asset management (3)
social threefolding and its laws and principles as the basis for the participatory
socio-technical systems design integration and for the Corporate Social Identity
(CSI) (4) the socio-eco design to best fit for common purpose diagram (5) the ex-
tended Odesys U-models for open loops management, designing and learning (6)
preference function modeling (PFM) theory and its basic principles (7) PFM-based
multi-criteria decision analysis (MCDA) and multi-objective design optimisation
(MODO).

II – Odesys methodology and applications. In the second part (Chapters
6-8) we introduce the Odesys methodology, address the development gaps, and put
forward both the state of the art IMAP optimisation method and the Preferendus
design and decision support. We describe how Odesys and IMAP/Preferendus
overcomes other existing shortcomings compared with contemporary and single-
sided multi-objective design optimisation methods. Moreover, we present Odesys’
U-model, including a threefold modeling framework, which incorporates three
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open-ended design loops: (a) open config – technical cycle, (b) open space - social
cycle, and (c) open source - the purpose cycle.

Key topics that are introduced within this part are: (1) Odesys’ mathematical
formulation (2) the function of IMAP and the Preferendus (3) the threefold optim-
isation framework of preference-, objective- and design performance functions (4)
the open-ended Odesys U-model and the technical, social and purpose cycles (5)
formative Odesys examples as learning vehicles (6) summative real-life Odesys ap-
plications as design demonstrators (7) validation of IMAP/Preferendus synthesis
with min-max compromise and or single-objective design solutions.

III – Educating the Odesys engineer. In the third part of the book we first
academically position the Odesys engineer as a true systems integrator within the
domains of scientific research and engineering development, closing the loop with
Chapter 2. Next, with the knowledge of the required integrative position of the
Odesys engineer, we present a fully congruent and new education concept with this,
called Open Design Learning (ODL). With this we close the loop with Chapters
3 and 4, and introduce in addition to the open loop management and the open
design U-models, a third U-model but this time for the ODL concept (ODLc).

Key topics that are introduced within this part are: (1) the 4-Quadrant model
applied (2) the position of the Odesys engineer within both 4-Quadrant models
(3) the key principles of the ODL concept (4) the ODL U-model as the basis for
design learning.

We consider this book to be a never ending work in progress and therefore ”open
end” the book with a section on further developments and outreach. Linked to
current Odesys conclusions, we outline the scope and potential for confronting the
conflicts in various applications, including stalemate situations. Finally, the book
is larded with so-called incitements (mainly included in Parts I and III) . These
are contextual opening questions or problems to spark the reader’s imagination
for a particular topic, create awareness or provide food for thought.
Last but not least, all quantitative examples or design applications from Chapters
5, 7, and 8 have been worked out and can be found on the Odesys Github:
github.com/TUDelft-Odesys/.

https://github.com/TUDelft-Odesys/
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Setting the Odesys scene
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Chapter 1

Frame of reference

Before we introduce the open design system (Odesys) methodology, we first set the
scene for the most important concepts, terms, principles, and definitions. These
will be specifically coloured for their prominent place within the Odesys and open
design learning (ODL) context. For the sake of clarity and to prevent confusion,
we list these as a concise ’portal’, and as used in this book.

1.1. Design, science, engineering & management
We will introduce the following concepts of design, engineering, and management,
and place them in the scientific research and development context. First, we will
define the ’broad’ interpretation of design within the Odesys context.

Design
To design is to imagine and specify things that do not exist, usually with the
aim of bringing them into the world. The “things” may be tangible – machines
and buildings and bridges; they may be procedures – the plans for a marketing
scheme or an organization or a manufacturing process. Virtually every professional
activity has a large component of design, although usually combined with the tasks
of bringing the designed things into the real world. So how does a designer reason?
In a certain sense, design is the opposite of induction. The aim of induction is
theoretical knowledge; design is aimed at a functioning thing. Induction is a
process of abstraction and designing a process of concretization: an innoduction
process, see Roozenburg & Eekels (1995). In contrast to research, designing is a
future-oriented action, where a new articulation is created from the unknown (i.e.,
de-sign: ‘a not yet drawn mark’). The core of design, then, is the transformation
of the functional needs of a new artefact into the description and manifestation of
its true meaning and form.
In addition to its meaning as a verb (to design or designing), design can also be
used as a noun. Design means (in a non-artistic sense) a plan or scheme in the
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mind (inner) for a potential realization in the observed world (outer). According
to Steiner (1995), development purpose is related to the inner human motive (i.e.,
‘the impulse that gets you in motion/ gets you motivated’) that transforms a de-
sire via an intent into an inner and/or outer design. According to Ackoff (2006),
the so-called intentional or ‘idealized design’ serves as the motivator/stimulator
for the devise and design process. A true living dialogue in the space between
subject and object creates an open space where new designs can emerge. In the
words of Goethe: ”only human can sense the interactive experience experiment as
the mediator between subject and object”.

Incitement 1.1 Design, a broad perspective

(Prof. Herbert Simon’s research was noted for its interdisciplinary nature such as cognitive
science, computer science, public administration, management, and political science. He
won a Nobel Prize & Prof. Russell Ackoff was a pioneer in the field of operations research,
systems thinking and management science).

For Simon and Ackoff, design is problem solving, is tinkering with artefacts. So, it was his
key ambition to have design driven curricula. One can imagine a future in which our main
interest in both science and design will lie in what they teach us about the world and not
what they allow us to do in the world. Design like science is a tool for understanding as well
as acting.
Moreover, Simon saw design theory as a bridge to connect ‘epistemic communities’ that are
usually disconnected. In essence, composers, medical professionals, engineers, and managers
are all doing the same thing. They are designing, i.e. they are ‘devising courses of action
aimed at changing existing situations into preferred ones.’ Understanding the core under-
lying problem solving processes would enable these professionals to engage in meaningful
conversation.
In everyday life, we solve all kinds of problems. Not just unpleasant ones but also fun ones.
Consider the following travel commercial. ”From the moment you leave for the airport to
the moment you arrive home after your holiday, we have organised your trip. Flights, car
hire, transfers, activities, accommodations, meals, and stopovers. We can put together your
personalised holiday, so you don’t have to worry about anything in Australia. We have a
perfect plan in mind for you!” So, is a travel agency actually also a co-design office?

The following formal definition of engineering design is the most useful in the
open design systems context, see Dym (2013): ‘Engineering design is a systematic,
intelligent process in which engineers generate, evaluate, and specify solutions for
devices, systems, or processes whose form(s) and function(s) achieve ‘stakeholder’
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objectives and users’ needs while satisfying a specified set of constraints. In other
words, engineering design is a thoughtful process for generating plans or schemes
for devices, systems, or processes that attain given objectives while adhering to
specified constraints’. For further reading, see Ackoff (2006); Bohm (1994); Dym
(2004); Roozenburg & Eekels (1995); Scharmer (2016); Steiner (1995).

Science
Science, any system of knowledge that is concerned with the physical world and its
phenomena and that entails unbiased observations and systematic experimenta-
tion. In general, science involves a pursuit of knowledge covering general truths or
the operations of fundamental laws. Science can be divided into different branches
based on the subject of study. The physical sciences study the inorganic world
and comprise the fields of astronomy, physics, chemistry, and the earth sciences.
Social sciences like anthropology, psychology, management, and economics study
the social and cultural aspects of human behavior. For further reading, see Bohm
(1994); Bortoft (1996); Heusser (2016/2022); Roozenburg & Eekels (1995); Simon
(2019).

Incitement 1.2 Mind and matter

(Prof. Erwin Schrodinger, physicist and Nobel Prize
winner in physics)

What is life, mind, and matter?

“..And thus at every step, on every day of our life, as
it were, something of the shape that we possessed un-
til then has to change, to be overcome, to be deleted
and replaced by something new. The resistance of our
primitive will is the psychical correlate of the resist-
ance of the existing shape to the transforming chisel.
For we ourselves are chisel and statue, conquerors and
conquered at the same time it is a true continued ’self-
conquering’ (Selbstüberwindung)...”

Engineering
Engineering is the pursuit of optimum conversion of the resources of nature to
the purpose of humankind. The field has been defined as the creative process to
design or to develop structures, machines, apparatus, or manufacturing processes,
or works utilizing them singly or in combination; or to construct or to operate the
same with full cognisance of their design with respects to an intended fit for pur-
pose (quality of service). The words engine and ingenious (i.e., ‘inborn nature’) are
derived from the same Latin root, in-generare/in-gignere, which means “to create
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or generate / to give birth.” The early English verb engine meant “to contrive.”
Thus, the engines of war were devices such as catapults, floating bridges, and
assault towers; their designer was the “engine-er,” or military engineer. The coun-
terpart of the military engineer was the civil engineer, who applied essentially the
same knowledge and skills to designing buildings, streets, water supplies, sewage
systems, and other projects. For further reading, see Blanchard & Fabrycky (2011);
Dym (2013); Hastings (2014); Wasson (2015).

Management
Management (or managing) is the art and science of managing resources of a pro-
ject or service providers. Management is setting the strategy of these organizations
and coordinating the efforts of its people to accomplish its objectives through the
efficient and effective application of available resources, such as financial, natural,
technological, and human resources. Two concepts are used in management to
differentiate between the continued delivery of products or services and adapting
of products or services to meet the changing user needs. The term ”management”
may also refer to those people who manage an organization: managers. Because
the term management is often confused with leadership, the following explains the
difference between the two.

Incitement 1.3 Explanations using systems thinking

Take an automobile for example which is a simple mechanical system that you are all familiar
with. Why is the motor in the front? Well, you probably know the reason, it was because
it was originally called the horseless carriage. Therefore the motor was put where the horse
was in front of the cart.
Do you think that somebody that did not know that can find that out by taking the auto-
mobile apart? The automobile was originally a six passenger vehicle, why? Why was it not
five and not four, fifteen, or nine, why was it six? Will taking it apart tell you? Of course
not.
How many of you have ever been to Britain? You know they drive on the wrong side of the
road, why? Do you think that taking British cars apart is going to tell you why they drive
on the left and we drive on the right? Of course not.
Seemingly questions about objects called systems cannot be answered by the use of detailed
analysis (only).
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Management versus leadership A manager is usually focused on controlling
or dealing with situations, matter or people within the workplace which often
involves constantly reassessing and adjusting results to measure efficiency and
improve effectiveness. Note that management differs from leadership. Leadership
tends to focus more on increasing fit for common purpose by motivating, inspiring,
and encouraging others to pursue an idealized design rather than ensuring tasks
are completed through management. So, management focuses on optimising the
planning and execution of a process (fitness for only on effectiveness and efficiency,
rather than fit for purpose), while leadership focuses on optimising a system as
a whole (focus on fitness for purpose). For further reading, see Argyris & Schön
(1995); Bower (1997); Scharmer (2016); Schön (1987); Senge (2006).

1.2. Systems engineering & thinking
Systems engineering is an interdisciplinary field of engineering and engineering
management that focuses on how to design, integrate, and manage complex sys-
tems over their life cycles. At its core, systems engineering utilizes systems thinking
principles to organize this body of knowledge and products. The field of systems
engineering is related to systems thinking, and (open) systems theory.

System
A system is a group of interacting or interrelated elements that act according to a
set of rules to form a unified whole, from Greek ����"��, organized whole, a whole
compounded of parts or a sum of the vital processes in an organism. A system
is composed of sub-systems: e.g., in case of technical systems the sub-systems are
the engineering assets (and its physical subsystems) and in organizational/social
systems these could be the (sub)departments (and people). One could even fur-
ther zoom-in to object/component or subject/person level respectively. A system,
surrounded and influenced by its environment, is described by its boundaries,
structure and purpose and expressed in its functioning: the so-called embedding
systems dimensions. Systems can be further classified and discerned as open and
complex systems.

System classi�cation A system can represent both physical and non-physical
artefacts. Physical systems can be technical and/or mechanical systems comprising
of engineering assets and their components. These systems, also sometimes called
deterministic systems, are characterized by the following features (a)’integrate
the parts’ (b) ’are causal’ (c) neither the parts nor the whole are purposeful.
On the contrary, non-physical systems can be social and/or biological systems
comprising of their living (sub)parts. These systems, sometimes also called organic
or human (related) systems, are mostly characterized by the following features (a)
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’differentiate from the whole’ (b) ‘goal-oriented’ (c) both the parts and the whole
are purposeful, see Figure 1.1.
So, we can distinguish between systems consisting of living elements (subjects) and
dead elements (objects or engineering assets). A special subclass of social systems
are so called management systems. A management system is a set of policies,
processes, and procedures used by a human or an organization to ensure that it
can fulfill the tasks required to achieve its purpose and goals. Typical examples
are planning-, information-, safety-, and/or organization systems.

Figure 1.1: Purposive metamorphosis.

In addition, something remarkable can be observed when you consider a ‘dead’
mechanical system next to an organic ‘living’ system. For it is common knowledge
that nature behaves as a threefolding system and a mechanical system mostly
shows itself as a twofolding system, see Figure 1.2.

Figure 1.2: Twofold material/mechanistic system (digital ‘under-nature’).

An interesting fact when comparing multiple living threefolding systems is that
there can be a so-called inversion principle, see Lievegoed (1996) and/or Figure 1.3
This means that if you compare plants and humans with each other, for example,
they are actually a mirror image of each other and we will see this mirror image
again later in organisational development within the context of society.
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Figure 1.3: Threefold living/organic system (nature) and its inversion principle.

Complex systems A complex system is a system composed of many objects
and/or subjects which may interact with each other. Examples of complex sys-
tems are organisms, infrastructures such as transportation or energy systems, soft-
ware systems and/or social organizations (like companies or cities). Systems that
are ‘complex’ have distinct properties arising from relationships or interactions
between their sub-systems or between a given system and its environment, such as
non-linearity, emergence, adaptation, and control loops, amongst others. A special
class of complex systems are socio-technical systems. A socio-technical system is
the term usually given to any combination of social and technical elements that
exhibit purposeful behavior. Participative socio-technical system design is the key
of this book.
Open versus closed systems The open systems that we know of are systems
that allow interactions between their internal elements and the environment. An
open system is defined as a “system in exchange of matter with its environment,
presenting import and export, building-up and breaking-down of its material com-
ponents. Closed systems, on the other hand, are held to be isolated from their
environment. Equilibrium thermodynamics or dynamics of mechanical systems,
for example, are fields of study that applies to closed systems. In social sciences,
schematically, if there is an interaction or feedback loop between ideal and mater-
ial or subjective and objective then the system is an open system, otherwise it is
a closed system. A closed system offers a deterministic relationship. The idea of
open systems was further developed in systems theory.



26 CHAPTER 1. FRAME OF REFERENCE

Incitement 1.4 Systems’ emergence

Avalanches often occur in spots where
the layers of snow are unstable. Cu-
mulative forces build and push one an-
other to extremes, at which point they
can release unprecedented power in the
mere blink of an eye. Whereas natural
phenomenon can cause irreparable dam-
age, this ‘avalanche’ rolls itself back up
as if nothing has happened. Interlocking
or uncovering rings regather themselves
into emerging ‘mountains’.

From the exhibition Momentum 2020 in Museum Voorlinden, by artist
Zoro Feigl, see youtu.be/LEe4KiNSTHQ.

Systems theory
Systems are the subject of study for systems theory and other systems sciences.
Systems theory is the interdisciplinary study of systems, i.e. cohesive groups of
interrelated, interdependent parts that can be natural, social, or human-made.
General systems theory is about developing broadly applicable concepts and prin-
ciples, as opposed to concepts and principles specific to one domain of knowledge.
It distinguishes dynamical or active systems from static or passive systems. Active
systems are activity structures or components that interact in behaviors and pro-
cesses. Passive systems are structures and components that are being processed.
For example, a program is passive when it is a file and active when it runs in
memory. Every system is bounded by space and time, influenced by its environ-
ment, defined by its structure and purpose, and expressed through its functioning.
A system can be more than the sum of its parts if it expresses synergy resulting
in emergent behavior.

Synergy, symbiosis, synthesis The term synergy originates from the Greek
synergos, “working together”, symbiosis from the Greek symbiosis, “living to-
gether” and synthesis from the Greek syntithenai, ”to put together”. Let us
start by defining symbiosis. Symbiosis is any form of close and long-term bio-
logical interaction between two different biological organisms (with different prop-
erties/species). From this “living apart/separately but together” (i.e., a LAT
relationship) emergence (also called system articulation) can occur. Or in other
words, symbiotic life emerges from coexistence (e.g. think of the unique human
speech formation or music, a coexistence of tones, rhythm, timbre through which
music and speech experiences ‘emerge’). Primal dune formation that begins with
rippling patterns on the flat beach, created by wind or water, are an example of

https://youtu.be/LEe4KiNSTHQ
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an emerging structure in nature. Other concepts which are closely related are
synergy and synthesis. We will use synthesis in the context of design and symbi-
osis/synergy in the case of management and organisations. In all such cases, there
is emergence because from the fusion of the parts an extra ‘invisible’ dimension can
emerge so that it holds that the ’whole is greater than the sum of its parts’. Note
(1): for all these ‘syn-’ concepts, multiple parts (greater equal two) can converge
to emergence. We will use synthesis as an emergence of two and synergy as an
emergence of three or more. Note (2): sometimes this concept is also applied to
thinking or conversation between people. In this case, one refers to dialoguing or
dialectical thinking in which through the ’union’ of thesis (one) and antithesis (the
other) a new synthesis emerges, see Buber (2004) or Hegel (2021). See Figure 1.4
and/or Figure 1.5 for an abstract representation of ’syn-concepts’ and emergence
and/or some typical emergent behavior examples, respectively.

Figure 1.4: Conceptual representations of symbiosis, synergy, synthesis and emergence: a (perpetual)
force of life.

Emergence (or emergent behavior) is a common feature of complex systems,
which are characteristics of a system that are not apparent from the components
individually, but emerge from the interactions, dependencies, or relationships they
form when brought together in a system. Emergence broadly describes the ap-
pearance of such behaviors and properties, and has applications to both social
and technical systems. It was already recognised by Aristotle (i.e., the ‘1+1+1=4’
effect). Let us continue with some other high-level systems theory principles.
Changing one part of a system may affect other parts or the whole system. It
may be possible to predict these changes in patterns of behavior. For systems that
learn and adapt, the growth and the degree of adaptation depend upon how well
the system is engaged with its environment. Some systems support other systems,
maintaining the other system to prevent failure. The goals of systems theory are
to model a system’s dynamics, constraints, conditions, and to elucidate principles
(such as purpose, measure, methods, tools) that can be discerned and applied to
other systems at every level of nesting, and in a wide range of fields for achieving
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optimised equifinality. See Figure 1.4 and/or Figure 1.5 for an abstract repres-
entation of syn-concepts and emergence and/or some typical emergent behavior
examples, respectively.

Dynamical systems In mathematics, a dynamical system is a system in which a
function describes the time dependence of a point in an ambient space, such as in
a parametric curve. In physics, a dynamical system is described as a ”particle or
ensemble of particles whose state varies over time and thus obeys differential equa-
tions involving time derivatives”. These can be either linear or non-linear systems
with related differential equations. In linear systems, the effect is always directly
proportional to the cause. In non-linear systems, a small perturbation may cause
a large effect (see butterfly effect), a proportional effect, or no effect at all. At any
given time, a dynamical system has a state representing a point in an appropriate
state space. A state variable is one of the set of variables used to describe the
behavioral state of a dynamical system, also known as a system’s configuration.
As an example think of a car’s throttle position that, as a variable, determines the
car’s overall speed. In case of a manual gearbox the overall speed also depends
on the selected gear, which is another variable. Note that system dynamics (as
opposed to dynamical systems) is an approach to understanding the non-linear be-
havior of complex systems over time using stocks, flows, internal feedback loops,
table functions, and time delays. Originally developed for organizations to improve
their business processes, system dynamics is currently being used throughout the
public and private sector for policy analysis and design.

Systems thinking
Systems thinking is an approach that views an issue or problem as part of a wider,
dynamic system. It entails accepting the system as an entity in its own right rather
than just the sum of its parts, as well as understanding how individual elements
of a system influence one another.

When we consider the concepts of a car or a human being, we are using a systems
thinking perspective. A car is not just a collection of nuts, bolts, panels and wheels.
A human being is not simply an assembly of bones, muscles, organs and blood.
The notion that the system as a whole has properties provided by the elements
that individual elements cannot provide is called emergence: i.e., ‘the whole is
more than the sum of its parts’ (see also the previous subsection). In a systems
thinking approach, as well as the specific issue or problem in question, you must
also look at its wider place in an overall system, the nature of relationships between
that issue and other elements of the system, and the tensions and synergies that
arise from the various elements and their interactions. According to Ackoff (1999),
systems thinking combines analysis (zooming in) and synthesis (zooming out) in
a three step process:
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1. Identify a containing whole (system) of which the thing to be explained is
part.

2. Explain the behavior of properties of the containing whole.
3. Then explain the behavior or properties of the thing to be explained in terms

of its role(s) or function(s) within its containing whole.

Figure 1.5: Emergence and systems articulation (here di�erent types of ‘form’ emergence).

A kind of similar way of systems thinking is, according to Simon (2019), the no-
tion of properties of so-called ‘hierarchical systems’. These are systems that are
composed of interrelated subsystems, each of them being in turn hierarchic in
structure until some lowest level of elementary subsystem is reached (for instance,
animals including organs including tissues including cells). This hierarchy offers
significant advantages in dealing with external complexity. Infrastructures and/or
organizations, for instance, are hierarchically constructed artefacts created by hu-
man beings to navigate in an efficient and effective way. A good example of the
use of systems thinking within the context of engineering asset management is the
innovative multi-system intervention 3C concept, which was developed by Wolfert
about a decade ago and has since been successfully applied, see Kammouh et al.
(2021). Let us conclude with two other important concepts of systems thinking.

Phenomenology A special type of systems thinking is part of the phenomeno-
logical or Goetheanian science in which Goethe discerned a hidden relationship of
system parts that explains how one form can transform into another form while
being part of an underlying archetypal form or primeval phenomenon (Ur-phäno-
men). So, he suggested that researchers and developers seek the natural, lawful
organizing ideas or archetype pattern behind specific natural phenomena or within
(living) organic systems. They must adopt a more living, more humane, experien-
tial approach aspiring to enter into the living essence of the living system zoomed
into its primeval phenomenon (i.e., which appears or is seen as the basic element).
The experimenter aspires to allow the phenomena to reveal its inherent order and
system laws. While often invisible, these system laws are clearly objective, not
subjective, and not invented by the experimenters. Goethe intuited the practice of
rational science promoted a narrowing and contracting interplay between human-
ity and nature. A special and typical phenomenological or Goetheanian archetype
is the human threefold of: (1) empiric (sense nerve); (2) rhythmic (heart lung);
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(3) metabolic (organ limbs), which can be zoomed in and out within the human
system including the use of the principle of self-similarity, see e.g. Heusser (2016).

Self-similarity A well-known concept from biology or mathematics implies the
following. A self-similar object looks exactly or approximately like a part of it-
self, or in other words, the system as a whole has the same shape as one or more
of its parts. Many objects in the real world are self-similar: parts of them ex-
hibit the same properties at many scales. Self-similarity is a typical property of
fractals, or spiral shapes and patterns (such as Romanesco broccoli which exhib-
its strong self-similarity). A special example of ’self-similarity’ is the so-called
Droste effect, see Figure 1.6. Finally, the Sierpiński triangle (sometimes spelled
Sierpinski), is a fractal attractive fixed set with the overall shape of an equilateral
triangle, subdivided recursively into smaller equilateral triangles (i.e., principle of
self-similarity). This is one of the basic examples of self-similar sets—that is, it
is a mathematically generated pattern that is reproducible at any magnification
(zooming out) or reduction (zooming in). For further reading see, Ackoff (1999);
Bortoft (1996); Heusser (2016); Velmans (2017); Varela (2017).

Figure 1.6: Self-similarity and the Droste e�ect.

Problem solving & systems thinking
Ackoff (1991, 1999) identifies four methods of ‘problem solving’: 1) Absolve, 2)
Resolve, 3) Solve, and 4) Dissolve. His point was that the further you take your
problem solving the more likely you will make the problem go away forever. There
is even an extra twist: Absolving and Resolving do not count as solving the prob-
lem. Solving, though valid, involves current knowledge. If there is a known solution
one shouldn’t have to waste their time on it. As a manager, a paid problem solver,
only Dissolving problems is a worthwhile use of time. Dissolving requires an open
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and non-conformist manager that is interested and connected to unknown prob-
lems and has the ability to develop new knowledge and prospective expertise for
a resilient future.

Incitement 1.5 An ups and downs elevator story

The manager of a large office building had been receiving an in-
creasing number of complaints about the building’s elevator ser-
vice, particularly during rush hours. When several of his larger
tenants threatened to move out unless this service was improved,
the manager decided to look into the problem.
He called on a group of consulting engineers who specialized in
the design of elevator systems. After examining the situation, they
identified three possible courses of action: 1) add elevators, 2) re-
place some or all of the existing elevators with faster ones, or 3) add
a central computerized control system so that the elevators could
be ‘routed’ to yield faster service.
The engineers then conducted cost-benefit analyses of these altern-
atives. They found that only adding or replacing elevators could
yield a large enough improvement of service, but the cost of doing
either was not justified by the earnings of the building. In effect,
none of the alternatives was acceptable. They left the manager
with this dilemma.
The manager then did what a manager seldom does when he is
anything less than desperate: he consulted his subordinates. He
called a meeting of his staff and presented the problem to them
in the formal of what he called a ‘brain-storming’ session. Many
suggestions were made, but each was demolished. The discussion
slowed down. During a lull the new young assistant in the personnel
department, who had been quiet up to this point, timidly made a
suggestion. It was immediately embraced by everyone present. A
few weeks later, after a relatively small expenditure, the problem
had disappeared. Full-length mirrors had been installed on all the
walls of the elevator lobbies on each floor. The young personnel
psychologist had reasoned that the complaints originated from the
boredom of waiting for elevators. The actual waiting time was quite
small, but it seemed long because of the lack of anything to do while
waiting. He gave people something to do: look at themselves and
others (particularly of the opposite sex) without appearing to do
so. This kept them pleasantly occupied.

A systems thinking approach to problem solving recognizes the problem as part of
a bigger system and addresses the whole system in any solution rather than just
the problem area. A popular way of applying a systems thinking approach is to
examine the issue from multiple perspectives, zooming out from single and visible
elements to the bigger and broader picture. Systems thinking is best applied in

























































































































































































































































































































































































































































































Conspection & outreach

’Odesys & ODL join forces for social change. Odesys is the key to un-
locking con
icts and is capable of delivering socially responsible ’get-
ting into yes’ solutions. ODL is a pure act of design-based learning
to confront the emerging future and to become open and persistent
problem solvers. Everyone has a designer within themselves; it is the
art of Odesys & ODL to awaken this inner designer.’

If we distinguish feasible and infeasible design solutions, then we can make a
distinction between three types of design solutions: (1) capable but undesirable
design solutions which we call bridges to no-where; (2) incapable but desirable
design solutions which we call ‘bridges to no-land’; (3) capable and desirable design
solutions which we call ‘bridges to anywhere’. It is clear that only the last type
of ‘bridges’ are feasible as these bridge the socio-technical gap and are best fit for
common purpose.

In this book we introduced the Odesys methodology for transparent design/
decision support models which are crucial to offer unprecedented opportunities and
‘bridges for anywhere’ solutions. The aim of Odesys is to promote the adoption of
engineering artefacts in our future society by following an open config/space/source
design and systems integration approach supported by sound mathematical open
glass box optimisation models. This as a means to achieve well informed decision-
making leading to the best-fitting socio-technical solutions. This requires systems
thinking and a stakeholder-oriented focus to explore different solutions within an
open-ended optimisation process, uniting both capability (technological) derived
from the engineering asset’s performance and desirability (sociological) derived
from each stakeholder’s preferences.

Odesys results in an open dialogue and a co-design approach that enables
a-priori best fit-for-common-purpose design synthesis dissolutions rather than a-
posteriori design compromise absolutions. The Odesys combination of intuitive ‘U-
thinking’ and deliberative ‘thinking-slow’ made the IMAP/Preferendus method
and tool an effective and transparent design/decision support tool. It offers an
open-ended U-modeling approach for a spiral design metamorphosis of technical,
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