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“Let us use love and compassion.  

Let us use joy. 

Let us use knowledge. 

These qualities are in us, obscured though we may let them be  

by the lethal strategies of our dinosaur society.” 

 

(Beer, Designing Freedom, 1974, p. 100) 
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Abstrakt 
 
In den letzten Jahren haben sich neuartige Informations- und Kommunikations- 

Technologien, sowie Mensch-Maschine-Schnittstellen in hohem Maße entwickelt. 

Technologien wie die künstliche Intelligenz und das Internet of Things werden als räumliche 

Voraussetzung für wachsende Städte gefördert. Daten, Robotik und digitale Vorfertigung 

bilden die Konglomerate, die uns zu neuen Möglichkeiten führen, wie wir als Menschen mit 

Technologie in der Umwelt interagieren. Die vorliegende Forschung zielt darauf ab, 

Beispiele historischer architektonischer Visionen und der heutigen Smart City Bewegung 

im Zusammenhang mit AI, Ethik und dem Mensch-Maschine-Verhältnis im 20 Jahrhundert 

zu evaluieren. Können sich die Menschen an diesen Übergang anpassen, indem sie ein 

neues Bewusstsein entwickeln? Was bedeutet menschliche Partizipation im Zeitalter der 

künstlichen Intelligenz? Eine große Herausforderung für Planer ist die Adaption und 

Integration von menschlichen und nichtmenschlichen Echtzeitdaten für 

Entscheidungsprozesse.  

 

Um diese Fragen zu beantworten, wurde ein physischer Prototyp eines "Conscious City 

Laboratory" erstellt und nach Umfragen und deren Rückmeldungen über drei Jahre 

angepasst. Das Stadtlabor optimiert Prozesse durch adaptive Echtzeitmodellierung und 

dynamische Aushandlung als eine neuartige Stadtplanungsmethodologie. Historische und 

aktuelle Präzedenzfälle zeigen, dass Laboratorien als partizipativer Standort in Städten 

dringend benötigt werden. Die Dissertation bezieht sich auf den Radikalen 

Konstruktivismus und die Kybernetik zweiter Ordnung, die von Heinz von Foerster und 

Ranulph Glanville unterstützt wurden. Es wird die kritische soziale Sichtweise von Robert 

Boguslaw in Bezug auf Technologien diskutiert. Die These kommt zu dem Schluss, dass der 

Begriff "Bewusstsein" in Architektur und Stadtplanung neu entwickelt werden muss und 

Städte als "Geräte" verstanden werden können, um ihre Komplexität zu reduzieren, was im 

Einklang mit Michael Batty und Jay W. Forrester steht. Ein neues Bewusstsein, das ethische 

Ziele beinhaltet, muss im Hinblick auf gesehene und unsichtbare Netzwerke diskutiert und 

gelehrt werden. Tatsächlich wird es ein neues Bewusstsein sein, das Technologie als eine 

Erweiterung unseres menschlichen Körpers bezeichnet. 
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Abstract 

In recent years, novel information, communication technologies, and man-machine-

interfaces have advanced at a prolific pace. Certain technologies, such as Artificial 

Intelligence and Internet of Things, have been intensely developed as spatial conditions for 

growing cities. Data, robotics, and digital prefabrication constitute the conglomerates that 

are leading us to novel possibilities for how we, as humans, interact with technology within 

our environments. The present research aims to evaluate case studies of historical 

architectural visions and today's Smart City movement in the context of AI, ethics and 

human-machine relations in the 20th century, and to discuss the transition occurring in the 

architectural profession. To achieve this, some core questions are addressed. For example, 

can humans adapt to this transition by developing a new consciousness? What does human 

participation mean in the age of AI? In the near future, architects and urban planners will 

face an enormous challenge of adaption and integrating human and non-human real-time 

data for decision-making processes.  

 

To answer these questions, a physical prototype of a Conscious City Laboratory has been 

built and iterated according to surveys and feedback over three years. This Conscious City 

Laboratory optimizes this process through adaptive real-time modelling and dynamic 

negotiation as a novel urban planning methodology. Historic and actual precedents 

demonstrate the urgent need for such laboratories as participatory locations within cities 

to generate requisite knowledge. The dissertation is written from a theoretical perspective 

that prioritizes the radical constructivism and second-order cybernetics, which were 

advocated by Heinz von Foerster and Ranulph Glanville.  It also refers to the critical social 

view of technologies described by Robert Boguslaw. The thesis concludes that the concept 

of "consciousness" within architecture and urban planning has to be redeveloped, and that 

cities can be understood as “devices” to reduce their complexity, which is consistent with 

the views of Michael Batty and Jay W. Forrester. A new consciousness, which implicit 

ethical goals, needs to be discussed and taught in terms of seen and invisible networks. 

Indeed, it will be a novel consciousness that designates technology as an extension of our 

human body. 
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Methodology 

 
The presented research is based on a trans-disciplinary and participative approach that 

converges a wide range of expertise and knowledge, on both academic and professional 

levels. The thesis is written from a theoretical perspective that assigns priority to the 

development of critical knowledge, what is needed to strengthen the administration of 

cities. Algorithms were scripted by a team, but not by the author himself. Moreover, an AI 

system has not been directly created in this thesis. However, since we are surrounded by 

AI systems and they are essential to the present research, they are studied here. This 

approach is executed through physical experiments, surveys, personal interviews and site 

visits, as well as by attending conferences. The CCL functions in its physical and in its written 

form, as an interface between architecture, urban planning, art, intervention in relation to 

the optimization of feedback, and social science. Therefore, case studies are presented to 

facilitate the complexity of the theme and provide better access to the topic. These are 

presented in Part I and Part II. Part I focuses on the history of computation in relation to 

cybernetics. Two case studies, Cybersyn and the Grassland Biome Study, use early 

computational methods to calculate data to simulate complex systems. Two artistic 

installations, the Colloquy of Mobiles by Gordon Pask and the Technobody by the author, 

are described as case studies of arts in relation to participatory animatronic installations. 

The terminology wicked problems that was introduced by Rittel and Webber in their paper 

“Dilemmas in a General Theory of Planning” in 1973 (Rittel & Webber, 1973) are reviewed 

in today’s context.  Part II discusses today’s technologies, such the Internet of Things (IoT), 

Industry 4.0 and Factor 4. 
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The importance of cyber-physical systems and the requirement for building kits in 

architectural environments are elaborated in detail. To answer the question of how to deal 

with the data in terms of participation in planning processes, the BrainBox was set up. It 

can be used to experimentally simulate the urban dynamics of participatory processes.  

With the help of the BrainBox, all participants and all planning parameters of a planning 

process can be combined, simulated and tested, in so-called scenario games. The special 

feature of the BrainBox is that it is connected as a digital, interactive interface with the 

artistic concept of the BlackBox and the Urban Gallery (UG) as an instrument for 

protoplanning. Details about physical experiments of the BrainBox that were performed 

from 2014 to 2016 can be found in Part III together with an examination thereof. A 

transcript of the interviews can be found in the Appendix.  

 

The method of working is based on the idea that the human being is considered as a 

corporate body, and we therefore experience what we do and where we are. The body is 

identified as a system or algorithm, in which the input is history that contains the power of 

adapted goods that may act to cause, i.e., a collection of extended phenotypes. This 

knowing cannot be transferred one-on-one; rather, it is up to the individual to connect 

observations and experiences with his or her own references.1 The methodology of this 

Ph.D. assumes that each human being creates its own reality, and that this can be shaped 

by knowledge. Traditional science, however, attempts to remove the agent and perceive 

subjective knowledge. This is often the case in system dynamics and partly also in 

cybernetics. However, in this thesis, we will show that second-order cybernetics (SOC) 

already blurs the boundaries of these sciences, as it is also quite close to general system 

theory (GST). This thesis is based on the awareness that a human being is always a part of 

a system and, in this way, it diverges from the precepts of traditional science. Thus, we 

speak of cybernetics, and more precisely of SOC, as a way to conceptualise our world. This 

approach is associated with the view of radical constructivism that was supported by 

Ranulph Glanville. The importance of this view is outlined within this thesis, as we explore 

observation, knowledge, and understanding. This is discussed in the introduction in the 

chapter Ethics, AI, and Human Being.  

                                                
1 Cf. Ernst von Glasersfeld / Radical Constructivism. 
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It is asserted that each human being constructs its own world based on observation and 

knowledge gained from diverse sets of data that “…should be stable to be useful in making 

knowledge, i.e., the outcome should be repeatable unambiguous (stable in interpretation).” 

(Glanville, 1998, p. 2), 2 and it should fit with what is already known. This view contends 

that all human beings are different, and communication is the only way to ensure that we 

all see the same thing, and determine whether the receiver understands the intended 

communication. Thus, data and knowledge should be repeatable and unambiguous, as 

pointed out by Glanville. Of course, communication is much more complex than shown 

here. Nevertheless, we rely on this tameness to map complex participatory processes, but 

always in the knowledge that we are dealing here with a simplified model. It is further 

asserted that only feeding a circular system can develop knowledge and understanding. 

This can occur through observation, communication, and/or design, as design constitutes 

a state of a construct that must be based on intelligent thinking. As a positive outcome of 

generated knowledge by such a system, we understand the conclusion and consciousness 

during and after using the CCL as a prototypical installation. The outcome is recorded within 

an interactive table and by feedback sheets. The feedback sheets were evaluated for this 

thesis to improve the installation and to elucidate the influence of the installation on the 

visitors. The CCL is a prototype and functions as a physical experiment, to answer the 

question how human participation within cities can look like in the future and if such 

participatory systems are accepted by human beings. Thus, the method used is artistic, and 

is combined with social scientific research. Consequently, we can state that it constitutes 

the use of a pioneering spirit. As design is a fundamental activity of human beings and 

combines thoughts and action, it plays a fundamental role in this dissertation. However, it 

should be stated that this is not a Ph.D. thesis about design. Design is regarded in this 

context as an elemental tool of communication. 

The collection and analysis of data were performed by interviewing a network of experts 

on each sub-topic of the research. The initial results are reviewed and connected to other 

                                                
2 The ideology of the methodology is partially adapted from my master’s thesis, “Electro Flesh Disorder “, 2007, 

accomplished at the UCL, Bartlett School of Architecture. It refers to STELARC’s idea in which the human body is viewed as 
a site. I personally believe in second-order cybernetics to observe systems from the inside, while being aware that the 
observer is part of the system. Logically, this means in a wider context, that humanity is always part of a system and 
therewith part of nature. I am at this moment not sure however if there is a real first-order in cybernetics if the brain of 
the user is active while dealing with such a system. After an e-mail exchange with Ranulph Glanville († 2014/12/20), we 
can also accept that with this view and understanding of SOC, there is no possible productive third order.  
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sub-topics, thus ensuring a continuous expansion of the knowledge base. These results are 

then integrated to predict further connections and simplify complexity of the iterations. 

The outcomes were further studied, adjusted, and utilized as a base of scenarios/prototype 

development. Such a study is only possible if we can link the results to our interpretation 

of our existing knowledge, in order to validate feedback.  

Ludwig von Bertalanffy speaks in this context from a generalist perspective, who guides 

such processes and systems with knowledge and intuition, at that time available in the 

context of his realism. von Bertalanffy reasoned that: 

 

“… if the law of gravity applies equally to apple and planets, and if the law of probability 

applies equally to genetics and life insurance, then laws of biological systems might well be 

applicable to the human psyche to social institutions, and to the entire global ecosphere.” 

(Davidson, 1983, p. 23). 

                                           

This quote emphasizes how dissimilar fields of interest are cross-connected and how the 

boundaries of such fields are blurred. In this thesis, this approach has been adapted literally 

to understand how the virtual world, which is influenced by sensors, algorithms and AI, can 

be utilized as a participatory element to the meta-space, and if citizens are interested in 

participation with this unseen world, as both worlds are connected. Meta-space is precisely 

defined by Gordana Dodig-Crnokovic (a professor of computer sciences in Sweden, 

Chalmers) and Raffaela Giovagnoli (an analytic philosophical researcher from California, 

Berkley) as follows: 

 

“For every Metaspace we assume that there is a core set M0 that is ‘known’ and that there 

is a process of some sort to discover the remaining elements of M, especially when meta-

items that contain valuable information (‘knowledge’) are believed to exist. If no such 

process is available, we may wish to design it”. (Dodig-Crnkovic & Giovagnoli, 2017, p. 72). 

 

Thus, the notion of design becomes critical if we discuss communication and reality, as 

noted by Ranulph Glanville. Glanville states: 
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“Designers are constructors: in how we make in what we make and its existence for us to 

use in the environment.” (Glanville, 1998, p. 3). 

 

Here, we could speak of an integrator, a system or person in which the output constitutes 

an integral part of the input, and then a constructor, as mentioned by Glanville. Through 

this collaboration, the project will generate extended3  scientific knowledge about the 

history of computation and utopia linked to the actual “future city” movement, and provide 

a concrete and ready-to-use theory that bridges the gap and opens new vistas for further 

discussions. Ultimately, the CCL will enable sharing of results with regional and global 

stakeholders, and will offer a communication and planning interface for the elaboration of 

concrete action plans. Finally, this novel awareness and knowledge leads to seven strategic 

directions of conscious design that are not definitive, but rather form a basis for a new 

discussion. Although the dissertation is not research by design, this process is used to 

present the concept of interaction and the connection to cyberspace and virtual systems, 

which are affected by artificial intelligence. However, the dissertation works with elements 

and methods, which are to be attributed to the field of art and the artistic experiment. 

 

The following pages provide insight into the research request. The preface attempts to 

avoid listing the facts of the current trend of urbanisation, such as the number of people 

who will by 2050 live in cities, etc. These issues have been addressed in a large body of 

extant literature, and thus most people should at least be aware of them. Rather, this 

project starts from the premise that the new machine is in us, and that we are not the 

machine.  

                                                
3 Extended as the extended phenotype, aligning with the view of Richard Dawkins.  
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Preface 

 
I have been fascinated by real-time data and art forms for many years. As sound can act as 

a transmitter for communication, and sound itself can be presented in waveforms (which 

again are data), I view data as a tool for communication. In general, some kind of data are 

always required for design, which implies that data and design are interrelated. Thus, my 

interests reflect the ideas of blurring and observing the boundaries between various artistic 

disciplines. My master’s degree in 2007 provided me with the opportunity to focus on these 

interests in a theoretical and science-based application, i.e., an animatronic device. This 

project resulted in my master’s thesis, entitled “Electro Flesh Disorder” that evaluated the 

overcoming of barriers between data, the body, and the object in real-time. One chapter 

was entitled “The Technobody” to which I will refer in this project (Chapter 1.6) because it 

involves concepts in the development of passing on digital genes in virtual objects. In 2007, 

I utilized the term virtual extended phenotypes (VEP) for this approach. In addition, an 

improved version of the Technobody was exhibited at the “Silverlinings” exhibition in 

Vienna at the Academy of Arts in 2015 and at the “Cybernetics: State of the Art” conference 

at the Technical University Berlin in June 2016. 

Since 2007, I have applied my ideas to the relationship between energy, food, and the city 

of the future. This sparked my interest in studying the education of a novel kind of architect, 

and a systemic approach to architecture and urbanism. This progress was enabled by the 

Jaap Baakema Fellowship in 2009-2010 from the NAI/Rotterdam, and was then elaborated 

on in the publications “Floating Permaculture” and “Smart City Concepts” that 

conceptualised my understanding into a more generalist manner about the city of the 

future. The relevance of real-time data to the city led to a complex field: the “Conscious 

City”. Since 2012 and while I was an assistant professor at the Technical University Berlin, I 

have focused on this topic, which finally resulted in this thesis.  

I would also note that much of my past researched embedded the work of Erving Goffmann 

that he defined in his book “Frame Analysis”. To understand his position would constitute 

the work of another Ph.D. thesis, and I am aware that I could only superficially address it 

here. I therefore decided to exclude his work in this thesis. This does not mean that “Frame 

Analysis” is not of importance. 
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Abbreviations 

 
Action Plan (AP)  An instrument to embed prototypes and 

policies in an overall plan in relation to time 
and costs. The AP describes the potential of 
inserted PTs in their relation to each other. 

Ambient Intelligence (AmI)   AmI constitutes a multi-disciplinary process for 
human-machine interaction. It is a necessary 
infrastructure of networks to implement the 
connection between intelligent environments 
and communication to human beings through 
code. 

Artificial Intelligence (AI)  AI refers to machines which react to their 
surroundings based on algorithms to (ideally) 
maximise outcomes in a positive way. 

Artificial General Intelligence (AGI) AGI is an intelligent approach that allows 
machines to solve intellectual tasks. AGI is 
based on AI and is also referred to as strong AI. 

BrainBox  The original name for the experiments in 2014, 
2015 and 2016. Because of legal reasons, the 
name has changed to Conscious City 
Laboratory.  

Black Box  A fictitious construct applied by an observer at 
a location where change is observed. The 
insertion of a Black Box allows a description to 
be developed for what might account for 
observed and yet-to-be-observed changes 
through the interaction of the observer and his 
or her Black Box. Many users of the Black Box 
forget its fictional nature, assuming that this 
description is a mechanism/explanation that 
however, the Black Box can never reveal 
(Glanville, 2003, p. 24). 

Climate-KIC  Europe’s largest public-private funding 
platform for innovation focusing on climate 
change. It was created in 2010 by the European 
Institute of Innovation and Technology. 

Communication  The act and means by which one system 
persuades another system to create 
knowledge transfer and understanding. 

Conscious City  Coined as a term in a manifesto published in 
The Guardian (2015) by Itai Palti and Moshe 
Bar. The manifesto is named “A Manifesto for 
Conscious Cities”. It centers the human in a 
responsive environment, based on AI, data, 
technology, neuroscience, etc.  
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Conscious City Laboratory (CCL) Physical location of the Conscious City 
Laboratory. Prototypical space that engages 
people in participatory processes within the 
context of urban planning and data. The CCL 
has been initiated by Prof. Raoul Bunschoten at 
the Technical University Berlin. 

Cybernetics  The science of communication between sender 
and receiver in a holistic manner. It is 
considered as the science of being in relation 
to one’s environment. According to the chosen 
system, it can have two entities, i.e., the first-
order and the second-order.  

Cyber-Physical System (CPS)  A CPS constitutes a computer system which 
interacts in real-time with networks, sensors, 
and physical processes. This occurs in feedback 
loops that affect the physical processes of the 
computation and vice versa. 

Database  The database holds the description of dynamic 
processes that are described as MS, PT, OF, and 
PT. It stores processes of actions of the SG and 
enables links to create new PTs.   

IBP  International Biological Program / Grassland 
Biome. 

Industry 4.0 Industry 4.0 is the name for the comprehensive 
digitization of industrial production. This 
transition is so compelling that it's called 
Industry 4.0. 

Integrator  A system or person in which the output is an 
integral part of the input.  

IoT  The Internet of Things – a network that 
connects things (such as tablets, televisions, 
automobiles, robots, etc.) to people and 
machines. The network is based on technology 
and various platforms or interfaces. 

LNdW  Long Night of Science is an event in Berlin that 
opens laboratories to the public in Berlin, 
Potsdam. In 2016, the event had 
approximately 29,000 visitors. 

Meta-space  Physical space defined by Erasure origination, 
Transformation, and Mitigation (EOTM). Mini-
scenarios are located within the meta-space. 
The EOTM processes symbolise a dynamic 
environment. Cyberspace is a virtual extension 
of the meta-space. 
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Mini-scenario (MS)  A narrative to familiarise one with the urban 
condition according to time and space. It 
constitutes a small tool to assess urban areas 
through a narrative process. 

Operational Field (OF)  An OF identifies problems and opportunities 
that arise from the analysis of the MS. It is 
linked to generic themes as an outcome from 
the observation of MS. 

Prototype (PT)  A PT is created on the basis of MS and OF. It 
demonstrates opportunities of space linked to 
themes, such as sustainability, energy, etc. It 
can reorganise existing processes, create novel 
ones, or be a hybrid of both processes. 

Second-order Cybernetics (SOC) The cybernetics of cybernetics. It incorporates 
perceived reality and adds to its recursive 
application and feeds back to humanity. 

Scenario Game (SG)  SG refers to the simulation and testing of the 
conditions in which prototypes can be initiated 
and developed. The dynamic processes 
registered in the database form the raw 
material of the SG and the fuel for the 
prototypes. 

Syntegrity  A cybernetic model developed by Stafford Beer 
that is based on a structural principle 
(Tensegrity/Buckminster Fuller) as knowledge 
transfer between humans.  

Technobody  An art-form that represents human being and 
adapts to technology and vice-versa, as a 
continuous feedback loop. 

Universal Basic Income (UBI) The UBI is a socio-political financial transfer 
concept, according to which every citizen 
receives an equivalent state contribution as 
state aid, without having to pay anything. 

Urban Gallery (UG)  The UG constitutes a method to understand 
and manage the complexity of a city through a 
layered, non-directional process. It is utilized to 
create and manage new solutions for the city 
of tomorrow. 
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Prolegomena 

 
The prolegomena defines the background of the examination, the subject, and the actual 

relevance of this dissertation. It introduces the subject, and specifically contextualises 

dissertation and objectives. Historical and actual examples are provided, and then finally 

the overall aim. It constitutes an ideology based on how certain fields of interest are 

interlinked and should be reflected with a new consciousness to inform the reality of the 

observer. In an augmented environment, the deformation of an object is no longer affected 

by physical forces. Rather, it is shaped by different types of coded information. Internet 

platforms have long known more about the city's vital functions than the city planner itself. 

Because the Cyber-Physical Systems (like the smartphones) are constantly shovelling 

supplies into the data cloud with a variety of sensors. The digital image of the city is 

becoming increasingly high-resolution with millions of users. So how can we keep up with 

this development as a human planner? This is only possible by incorporating the generated 

cloud data and new technologies into the planning itself. But the current ethical debate 

about data and the anthropogenic society is frequently influenced negatively.4 This can be 

understood through media coverage relating to data protection and privacy. Nevertheless, 

the process of networking has now been underway for decades. Indeed, because it is 

important to understand that evolution with a negative attitude cannot be successful, 

awareness needs to be created. This awareness should respond to the invisible world of 

the sensor, so that each individual acts in this context and is aware of what data he or she 

reveal and what he or she do not. To make the impact of new disruptive technologies 

perspicuous, we could pose the following question: What was your favourite sports app 

during the Soccer World Cup in 2006? While most people spend time thinking about which 

app they used, the answer is quite simple: In 2006, there were no apps on the market. In 

fact, apps were introduced with the first iPhone in 2007.5 Modern smartphones made 

                                                
4 There is more negative news than positive. For example, the Edward Snowden leaks that started in 2013, showed 

that the NSA is monitoring communications worldwide. A second example is the VW pollution scandal in September 2015, 
in which the Environment Protection Agency (EPA) found out that certain cars from VW had a software program that 
could recognise when the engines were tested with the result that they run with a specific performance to match the 
results. 

5 Prof. Dr. Frank Behrendt from the Technical University Berlin used this example during a workshop in December 
2016 at the Technical University Berlin. 
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cyberspace tangible and touchable. Can the proposed Conscious City Laboratory (CCL), 

which is proposed like the smartphone, make cyberspace tangible and touchable? The term 

“touchable” is quite clear, as it refers to objects that can physically be touched. “Tangible” 

relates to the idea that more than just the object exists. An example is feelings that are 

obviously there, and which, although they cannot be physically touched, can be generated 

by physical action. Therefore, tangible and touchable refer symbiotically to the connection 

of meta- and cyber-space. Thus, one can see how the invention of a communication tool 

with an intelligent interface, like the smartphone, has changed the way that we perceive 

and communicate within this novel environment.  

Architects and urban planners are especially asked to cope with this development, leading 

to the following question: How is the public space and architecture designed with these 

new technologies? A novel consciousness of planners must thus be created to elucidate 

the transition currently underway. This constitutes the urban planning of the future, and 

necessitates the inclusion of advanced technologies to improve quality of life and more 

efficient production. This is in line with the view of Noah Yuval Harari (Harari N. Y., 2017), 

even if this is a dystopian view, and Martin Ford (Ford, 2015). These views are supporting 

a new understanding of the man-machine relation and are described in detail within the 

introduction in the chapter “The man-machine relation in the 20th century”. 

It is the case that every citizen will be “attached” to the digital city of the future. All urban 

citizens will consume it, including private persons, political entities, and companies. The 

question is not who will use it, but rather how it will be utilized, i.e., consciously or 

unconsciously. Consciousness is defined in the Oxford Dictionary as “the state of being 

aware of and responsive to one’s surroundings”.6 When we talk about autonomous cars, 

the question of who will drive these cars is legitimate. So what is then creating trust in this 

unseen world of data, the cyberspace? This is indeed a tricky question and can not be 

answered right away. This issue of “trust” is well described in Pariser’s “The Filter Bubble”, 

in which he specifically refers to the Internet as follows: 

 

 

                                                
6 Source: en.oxforddictionaries.com/definition/consciousness (accessed 17/10/25). 
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“To establish the trust that community and capitalism are built on, you need to know whom 

you’re dealing with.” (Pariser, 2012, p. 111). 

Some of Pariser’s principles that are also associated with ethical issues, if we do not know 

who we are communicating with, are directly transferable from the Internet to the city. 

For example, regarding conscious use, the interaction of cyber-physical systems, such as 

the “smartphone”, is most likely understandable to the user; however, the control of 

sensors, such as our automobiles and the use of navigation systems, are less understood 

because here we deal with unseen networks (unconscious use). Likewise, technologies, 

such as Happn, a dating app that can show the user how physically near them people that 

were connected to them were during the day. This app is a perfect example of how the 

borders of meta- and cyber-space can be blurred in a new environment. This information 

may be useful for not only the intended purpose, but also for the developer of this app, 

which creates an ethical dilemma. 

For example, the developer can create movement and behaviour patterns that are 

combined in data packets and then sold. Far more dangerous is such a “filter bubble” if 

people are politically influenced by “Fake News”. If Fake News is disseminated, the creator 

of this news attempts to gain as much attention as possible. This can be accomplished by 

using an alarming headline, provocative images, or a particularly bizarre topic that might 

seem interesting. If we think about this, the difficult part has not yet started because when 

we now use our computer and the Internet to obtain more information according to the 

given topic, algorithms of search engines recognise this and lead us to similar news. In 

conclusion, a filter bubble is created with political news that is guided by algorithms and 

based on Fake News. This then creates a cyberspace of political views that also influences 

the meta-space. John Naughton refers in his article for “The Guardian” to this problem as 

a “failed state”:  

“…at the same time, everything we do on the network is monitored and surveilled by both 

governments and the huge corporations that now dominate cyberspace.” (Naughton, 

2016). 
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Naughton further writes that, as result, parallel universes merged and we ended up with 

the networked world that we now inhabit. This networked world has demands in both 

cyberspace and meta-space (Naughton, 2016). With this parallel universe, Naughton refers 

to cyberspace. It is therefore obvious that we need new planning environments that also 

implement cyberspace, which is one of the aims of the Conscious City Laboratory. If we link 

back to the app Happn, it is clear why Naughton’s quote is revealing commentary on the 

blurring of boundaries. Thus, we should always verify that we are not using the Internet as 

a sole source for information. 

Thus, personal data comprise the real value for the developer. Overall, we should view this 

development as being positive because it is ultimately up to the user to decide what kind 

of personal information to offer. The user is even in the position to direct this process to 

some degree if he or she is conscious about the use of media. Indeed, it is not worth being 

part of all systems. For instance, we decide whether or not to use a smartphone that can 

now also read our fingerprints. If we chose to do so, then we are also adding a fingerprint 

to our digital identity. Interestingly, a new patent from Apple in 20168 enables stolen 

iPhones to capture a fingerprint and photo of the thief.  

While, of course, it is not officially legal to store fingerprints from persons, the requested 

patent, named "Biometric Capture for Unauthorised User Identification" from Apple could 

change this for certain groups.9 If this fingerprint is then sent with a current GPS position 

to a government tracking center it should be easy to locate the thief. Although this might 

be a very useful technique, it could also easily lead to a misuse of data. A simpler solution 

would be to track a serial number of a mobile phone directly, i.e., the IMEI number. IMEI 

stands for International Mobile Equipment Identity and with this number if reported as 

stolen, the mobile phone could be made unusable. In this way, the thief would have stolen 

a non-working device that could still be tracked. Although this might seem futuristic, such 

a process is already a reality within the automobile market. Each automobile has its own 

ID, i.e., the Vehicle Identification Number (VIN). With this VIN number, it is simple to track 

                                                
8  Source: www.iclarified.com/56570/apple-patent-details-method-of-capturing-fingerprints-photos-and-video-of-

iphone-thieves (accessed 16/08/30). 
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the history of an automobile, such as determine if it was stolen or has had damage or 

certain services in the past. Moreover, with the new iPhone X that will be released in 2018, 

Apple has introduced a new face recognition algorithm that then also allows Apple to 

translate the user’s emotions into data. At the moment, the company has stated that these 

data never leave the phone, and they are stored in a secure part of it. Unfortunately, it is 

probably the case that only time will tell if this is true and how secure this part actually is 

(Griffin, 2017). Apple’s patent rather demonstrates the intense desire of companies to 

legalise ways of collecting and storing personal data. Another example of this is connecting 

real persons to their digital identity, which we will not elaborate on here. Briefly, it is the 

fusion of Facebook with WhatsApp and the transfer of mobile numbers to Facebook 

accounts (Titcomb, 2016). Here, the “failed state” has truly become a reality. Can the CCL 

counteract the failed state instead? 

Let us focus more, however, on the urban relation. In the past, urban planning constituted 

a slow process. Even in the world of economics, there has been little controllable 

advancement in the last 700 years (Forrester, 1998, p. 7). Dr. E.S. “Steve” Savas, an author, 

researcher and currently Presidential Professor of Baruch College CUNY – SPA, describes 

this slow process in his paper, “Cybernetics in the City Hall”, published in 1970:  

“The large time constants and the incredibly involved multivariate nature of the city as 

systems require that we employ a very large, very sophisticated, very complicated governor 

– that is, a control device we call government.” (Savas, 1970, p. 1067). 

Currently, this process can be accelerated in the wake of novel technologies. This relates, 

on the one hand, to the planning process, which should include top-down, as well as 

bottom-up strategies, and novel ways for human participation.  For example, new methods 

of simulation exist, such as wind calculations, shading, fresh air, flow of water, gas, 

electricity, etc., that are the most common. However, modern “agent-based modelling” 

can also be simulated, i.e., how people behave when they leave a stadium, and how they 

travel (e.g., by automobile, public transportation, etc.). Real-time traffic management, the 

integration of energetic planning, and the analysis of a specific urban structure in relation 
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to energy are considered.10  But the question remains, if these novel technologies can also 

address wicked problems, which will be discussed in chapter 1.7 Tame, Complex, and 

Wicked Problems (Rittel & Webber, 1973). With all of these new technologies and systems, 

we should be aware that the main actor is the citizen. Over the years, although novel 

possibilities were created to support the planner, there has been little research on 

participation in connection with real-time data and computation, even though this has 

been a major topic over the past 60 years. Far more research has been performed by 

companies about how to control data to maximize profits. This aspect also relates to Savas’ 

article, “Cybernetics in the City Hall”, in which he stresses the critical role of the citizen. He 

refers to cybernetics and the multiple roles of the citizen in the process of urban planning 

and the city (Savas, 1970, p. 1070).  

 

Figure 1. Re-drawn and extended on the basis of Emanuel S. Savas. “Cybernetics and the City Hall”. A basic 
feedback-control diagram added with the creation of phenotypes and Black Swan Events, which represent the act of 
unforeseen disturbance. Overall, human values must be reviewed as ethical goals. 
The system of this process can be seen in Figure 1. Savas states that decentralisation is 

critical to optimise decision control and reduce the complexity of cities. Moreover, 

decision-making must be integrated into the community if we aim to create fast and 

responsive systems. Today, we can take Stuttgart 21 or Tempelhofer Field in Berlin as 

                                                
10 Lehrstuhl für Geoinformatik, TU München: www.energyatlas.energie.tu-berlin.de (accessed 16/03/31). 
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examples of situations in which urban centers, citizens, and planners are highly involved in 

decision-making and participation processes. Similar questions arose in the 1970s in 

connection with arts and participation. However, what does participation mean, in the age 

of AI?11 The Intelligence Unit of “The Economist” refers interestingly to this in an article 

entitled “Empowering Cities” (The Economist Intelligence Unit, 2016). This article asserts 

that cities could do more to provide communication channels and transparency to establish 

trust with their citizens and to facilitate their participation in the architectural and urban 

development of space. While “trust”12  was addressed already earlier by Eli Pariser, it 

constitutes a very strong argument in relation to participation and data. Of course, why 

should we use data that we do not trust? Consequently, our first act must be to verify the 

particular data. Indeed, even though a successful project is always based on a strong 

concept, the process is a critical part, as is who is involved in the process, especially from 

the project’s initiation. If a human being is part of the system however, then it comprises a 

genetic code. It is the human being which sets the ethical guidelines for decision processes 

within the city, and it is the city that shapes the human being through its physical, social, 

and virtual environments. As the “integrator” forms the system of a city, the new 

environment of the city shapes the phenotype of the human body.  

Bearing in mind that these are two highly complex issues, Figure 1 presents this in a 

simplified way. What is essential is to generate a consciousness of the correlation of these 

two systems, especially with a focus on human values and ethical goals. The vibrant part 

that introduces new unforeseen events in an evolutionary system is random variation or 

disturbances. This addition can lead to uncontrollable events with both positive and 

negative aspects. Discussed above was the impact of the smartphone as an example of 

disruptive technology that could introduce “Black Swan” events, as referred to by Nassim 

Nicholas Taleb (Taleb, 2010). Even with all of the available technologies, humans will not 

be able to envisage all contingencies as described by Taleb. This never-ending feedback 

mechanism shapes the outer experience of the city, as well as human bodies.  

In order to achieve a positive outcome, citizens should become involved from the outset, 

                                                
11  Alsleben, Kurd; personal communication (16/12/24). 
12 Reference to the Filter Bubble, Fake News and the emerging ethical issues. 
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according to Savas. He is supported by a newer document introduced earlier, “Empowering 

Cities”, that includes many inserts of leading researchers and politics.  

Let us focus on one question that is ubiquitous in this thesis for empowering human beings 

within cities:  

What does human participation mean in an age of artificial intelligence (AI)? 

Still in 2018, for most of us, AI is an idea from the world of science fiction. However, the 

truth is that it is already a reality. For example, Google is now using it to optimize search 

results, and Amazon is utilizing it to analyse the behaviour of consumers and suggest new 

books for them to purchase and read. AI is also used in public transportation, automobiles, 

navigational systems, and streaming services, such as Netflix. Moreover, even though most 

current algorithms can be considered as highly advanced, it is clear that the possibilities of 

AI are still in their infancy. This truth can be seen in the proposal initiated by Elon Musk and 

Mustafa Suleyman to ban autonomous weapons combined with AI because we do not 

know how to control super intelligent machines (Gibbs, 2017). With all of the above 

examples, we may ask how we, as humans, can participate or even control these 

mechanisms. Are we in the position to control AI algorithms at the moment?  

Indeed, most of these systems are already controlling and steering our environment. In 

numerous situations, we have to rely on them, i.e., it has become an “all or nothing choice”, 

in which we often do not have a choice if we want to participate in the modern world. The 

logical conclusion is that we have to research novel ways of participation to enable a co-

existence with AI algorithms, in which we, as humans have control. Approximately 2,500 

years ago, Aristotle addressed this requirement: 

 

“Now it is for data-collectors to know all the details, and for mathematicians to establish 

the reasons. For they can demonstrate causes, often without knowing all the details; just as 

people can entertain a generalization without knowing each instance of it singly – which 

they have not examined. …” Aristotle (384-322 B.C.) in Posterior Analytics in (Beer, 1966, p. 

69). 
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It is remarkable to note that Aristotle had thought about this already, although probably 

with another understanding at that time. However, one can clearly see how it is actually 

was, currently is, and why Stafford Beer pointed this out. 

Let us now elaborate on data-collectors in the context of Conscious Cities. 

 

Figure 2. The Conscious City - seen and unseen networks. Citynight Concept of the movie Iboy; with generous 
permission of Anthony Mestriner, Casaratto 2017. 
 
A Conscious City combines cutting-edge data, technology and planning techniques to 

address stable patterns of behaviour, as it is framed in the Conscious City Manifesto by Palti 

and Bar (Palti & Bar, 2015). If, according to Itai Palti and Moshe Bar, the city has become a 

data-collector, then we have to consider where and how we make decisions with these 

data in which everyone can participate. Therefore, the CCL and the BrainBox experiments 

constitutes a beginning to break the hierarchy of algorithms to a more user-based 

application of city-making, in which codes and algorithms assist, rather than control.  

The seen and unseen networks through which we communicate presently are visualized in 

Figure 2. It shows architecture in its physical form, but also real-time data networks from 

sensors and communication within the urban fabric, in London as a setting. Even if this 

image is a concept visualization for a movie, it reveals today’s reality, i.e., the Conscious 

City. 
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Figure 3. Unseen network - electromagnetic waves blurring with our reality. Screenshot of the application 
“The Architecture of the Radio” by Richard Vijgen; Screenshot 2017. 
 
We could even link this to another example that uses real-time data. That this concept 

sketch is not science fiction can be seen in Figure 3, a screenshot of the application “The 

Architecture of the Radio” programmed by Richard Vijgen in 2015. This application 

visualizes magnetic radio waves in real-time according to the location of the user. It shows 

the location in longitude and latitude, and scans the environment for cell towers, Wi-Fi 

routers, and satellites. According to location, perspective and time, it highlights the Russian 

Cosmos 2476 Satellite. This satellite is part of the Glonass Satellite Navigation System, 

launched on the 4th of November in 2011, and is operated by the Russian Space Forces. 

Glonass itself constitutes an alternative to GPS, and offers the same precision. It is a radio-

navigation satellite system.13 Therefore, the Conscious City, as described by Palti and Bar 

(Palti & Bar, 2015) is a current reality. We are surrounded by sensitive networks through 

which we communicate. Figure 3 reveals that data can always be tracked in both ways. This 

satellite might gather data about the user by tracking his mobile phone, but the user can 

                                                
13 Source: https://en.wikipedia.org/wiki/Kosmos_2476 (accessed 17/11/09). 



	

	 11 

also track the satellite back, even to its operator. This is the case for all data. We are not 

invisible, i.e., we always have at least one IP attached to our body or machine. 

The Conscious City Lab (former BrainBox) was initiated by Prof. Bunschoten at the Technical 

University Berlin (Bunschoten, 2018, p. 787), which will be elaborated in detail in chapter 

3.3 Technical Set-up and General Functioning. The first prototypes of the CCL that are 

discussed in this thesis were demonstrated as BrainBox experiments at the Long Night of 

Science in 2014, 2015, and 2016 in Berlin, as well at the Metropolitan Solutions Fair in Berlin 

in 2015 and 2016. The system should not only be regarded as a didactic tool, but primarily 

as an experimental laboratory. It functions as a “performance space” to research different 

characteristics of urban processes. Thus, the laboratory can be utilized in the following 

different states: 

• To experiment with urban dynamic models and to simulate urban dynamics. 

• As a tool to design scenario games that interact in real-time with a database (in this case, 

the urban gallery) that will lead to didactic experiments. This can be used by stakeholders 

and students, as well as citizens, to visualise different forces within the urban fabric and 

the human needs. 

• As a visualisation space for investors and politicians. It visualises all kinds of actions within 

the provided urban layers through interactive maps and models. Layers are designed 

according to the urban gallery, the database, prototypes, action plans, and scenario games. 

This is the goal of the CCL at the Technical University Berlin. The CCL is a place where all 

involved parties can come together and learn urban planning in “scenario games” and 

communicate, discuss, and exchange ideas in real-time. These events must be guided in 

order to create well-being within a city. The CCL links to the artistic concept of a Black Box 

for interactive installation with and without audiences. The CCL itself is a physical location 

supported by digital instruments, such as an interactive table, that function as a link and 

interface to the urban gallery. The urban gallery acts as a tool for “proto-planning” with a 

public interface. It enables discussions and visualisations of the current debate and 

research. Therefore, the CCL constitutes the physical aspect of the urban gallery.  
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The overall aim should be to speed-up the process of urban planning in a more positive, 

participative, and forward-thinking manner that also includes the integration of new 

technologies. This also allows the process to proceed in a non-linear way if circumstances 

affect earlier results. Finally, it must be said that the future does not simply happen, but is 

planned, or designed, even if one often has a different view. But that is precisely why 

participation in shaping the future should be of great interest. 
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Introduction  

Ethics, AI, and Human Beings 

 
Technology has always impacted human evolution and the social structure of human 

societies. The economist Nikolai Kondratiev hypothesized about this cycle-like phenomena 

in his theory of the Kondratiev Wave (Mager, 1986). The Kondratiev Wave conceptualizes 

this phenomenon and its effects on human beings. It comprises a paradigm about the 

relationship between human beings and machines, and thus technology. The current AI 

debate is especially concerned about this interdependent development.  

 
Figure 4. A sketch of the history of AI (gray gradient), machine learning (yellow) and deep learning (blue). The 

data is represented by the light green circle. The red arrow indicates the time and the process. The question mark 

symbolizes unforeseen events. Algorithms are omnipresent. 
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Adaption itself, of course, is a central human ability, and also occurs in our interactions with 

software. According to Max Tegmark, human adaption can only take place by developing 

knowledge, which is expressed in the theory of Life 3.0 (Tegmark, 2017). Thomas Fischer 

expresses the process in another way, stating: 

 

“In our efforts to maintain our well-being, we adapt to given circumstances and adapt 

our circumstances to our needs.” (Fischer, 2019, p. 281).  

 

Fischer also writes that, from the perspective of cybernetics, human beings as a whole form 

a closed loop. Specifically, our environments, and specifically our living conditions, make 

adjustments within us and we make adjustments to our environments. This is essentially in 

accordance with the view of Heinz von Foerster and radical constructivism (von Foerster, 

1973). It must be noted, however, that every human being does not develop the same body 

of knowledge, as we live in varied environments. These differences also exist in natural and 

technological barriers, as well as different cultural and ethical views. Moreover, if we create 

our environment, and the environment influences us, and this environment is steered and 

influenced by AI, what spectrum of options do we have to determine our environment? 

This leads to so called hard- and soft sciences connected to wicked problems, which are 

elaborated in Chapter 1.7 Tame, Complex, and Wicked Problems. However, it is clear that 

these challenges can only be solved through communication and participation in our 

environment. It is also important to examine the possibilities already possessed by various 

algorithms to influence our environments adaptively. 

As soon as an algorithm knows you better than you do, democracy and free choice become 

obsolete (assuming that humans are not just biomass and do not react solely in a 

genetically programmed manner), and ultimate authority will shift from humans to 

algorithms (Harari N. Y., 2017). This is indeed a very dystopian view and something that 

humanity should not strive for. The ideas of Max Tegmark and Life 3.0 will be unpacked in 

detail later, but we first need to closely consider what AI can achieve in terms of offering 

choices to human beings or determine the choices that it is already making for them. For 

example, we could imagine an election in which an AI system already knows the results 

because it possesses more knowledge about voters than the voters do themselves. Since 
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an AI system normally has goals, two options exist: (1) option A, in which the code knows 

who wins, and this is one of the goals of the AI system; and (2) option B, in which something 

might occur that is different from what was foreseen by the AI system, and it can 

counteract that occurrence, and thus influence our environment. In addition, it is worth 

noting that an AI system does possess a form of intelligence, and can form a “Friendly AI”. 

The term Friendly AI was coined by Eliezer Yudkowsky in his text, Artificial Intelligence as a 

Positive and Negative Factor in Global Risk (Yudkowsky, 2008). Yudkowsky’s work concerns 

making the world the best place that it can be. Yudkowsky claims that a Friendly AI has the 

goal to not hurt people, and should be designed with this goal in mind from the beginning 

of the creation of any AI system. It is critical, however, for designers to realize that their 

own designs are flawed, and that the AI system will learn and evolve over time. Indeed, a 

friendly artificial intelligence constitutes a hypothetical artificial general intelligence that 

exerts a solely positive effect on humanity, and is therefore an integral part of the ethics of 

AI. A major problem would arise, however, if this intelligence were to lead to goals that are 

misaligned with our (human) own goals (Tegmark, 2017, p. 44).  

We, as human beings, already have an interesting man-machine relation. This man-

machine relationship is explained in the following chapter of the introduction: The man-

machine relation in the 20th century. What can be anticipated when a physically strong 

human-like AI is created? If a strong AI is no longer perceived as a machine or algorithm, to 

what/whom are we then communicating? In contrast, it has also been asserted that human 

beings may just constitute algorithms, as claimed by Yuval Harrari. Another pertinent 

question would be: is an algorithm a natural phenomenon, or do we presume that 

algorithms are written by human beings?  

By analyzing people’s web browsing histories over decades, AI will possess a truly thorough 

understanding of what a person is interested in more than that person will know him or 

herself. Indeed, this is already reality. It can also compare these data with locations that 

the person has visited, determine what triggered the person to make certain decisions, and 

even “listen” through the microphone of mobile phones or smart televisions to determine 

what he or she has discussed with other people. Will free-will then become obsolete? 

Eventually, and perhaps sooner than later, a Friendly AI will be able to analyze all recorded 
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history in seconds to evaluate the best option for a particular human being in a specific 

situation.  

It is also worth noting that bias may occur with AI systems, either through biased data, bias 

consciously or unconsciously introduced by the programmer, or bias that the AI system 

develops within itself. For example, biased data may be used as the basis for certain 

calculations, which might determine important decisions, such as whether or not a person 

will be approved for a bank loan. This, in turn, can be manipulated by man himself when 

man increases his possibilities of so-called free will by manipulating his own body, which in 

turn leads to biased data. Harari addresses such developments in his book, Homo Deus, in 

which he explains how data are being used to analyze every citizen, stating: 

 

 “Doubting free will is not just a philosophical exercise. If an organism indeed lacks free 

will, it implies that we can manipulate and even control their desires by using drugs, genetic 

engineering, or direct brain stimulation.” (Harari N. Y., 2017, p. 332).  

 

Deric Brownds notes, in his review of Homo Deus, that “Authoritarian governments could 

gain absolute control over their citizens” (Brownds, 2018). Linking this to the example of 

elections, we can agree that this is not a desirable reality. Governments could also easily 

become obsolete in the relatively near future. If governments no longer possess these data, 

behemoth corporations, such as Google, Facebook, and Amazon, may obtain them. So, who 

will make governmental decisions, if the government itself no longer possesses these data? 

Even if these companies cannot yet fully control our minds, they can certainly manipulate 

us in profound ways. Tegmark addresses this, and contends that the goals of AI need to be 

clearly delineated, stating: 

 

 “The goal should be to create not undirected intelligence, but beneficial intelligence.” 

(Tegmark, 2017, pp. 35-36).  

 

Nevertheless, we, as citizens and human beings, are the entities supplying the data about 

ourselves. Consequently, before we criticize these companies and their use of our data, we 

need to initiate an ethical debate about applying ethics to itself (Sweeting, In Press), as we 
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aim to adapt optimally to this transition. Ben Sweeting argues that the connection of ethics 

and cybernetics is especially critical, as cybernetics comprises the act of (self) reflection, 

which is termed the cybernetics of cybernetics, or second-order cybernetics (SOC) (von 

Foerster, 1995). Currently, the act of self-reflection is solely a human ability and does not 

apply to AI. For how much longer, however, will this be the case? 

Heinz von Foerster elaborates on this in detail in his paper, On Constructing a Reality 

published in 1973, writing, “Act always so as to increase the number of choices.” (von 

Foerster, 2003b, pp. 211-228). The pertinent question here is how is this possible if AI in 

the future is qualitatively faster and possesses exponentially better ways to analyze its 

options, perhaps even comparing its options to literally all extant options? Fortunately, 

such a strong AI does not yet exist, and human beings uniquely possess such a deep self-

awareness. In von Foerster’s sense, these algorithms may soon be in the position to fully 

navigate our choices and make us into “trivial machines”. A trivial machine is a simple 

machine, in which input A predicts outcome B. According to von Foerster, such a trivial 

machine never creates something new, it simply performs the task for which it was 

programmed, and thus the output that results from the input creates trivial knowledge 

(Glanville, 2003). If this is the case, human beings should not aim for such a transition. Such 

a basic algorithm, however, is already being applied, such as in the above-mentioned 

example of a person applying for a bank loan. In this case, human beings are reduced to 

trivial machines. However, we, ourselves, are not trivial machines, i.e., given input A, we 

cannot be certain about what the outcome will be. In this way, a strong, human-like AI may 

be able to predict outcomes through analyzing sources and their data, but the accuracy of 

such outcomes is not guaranteed. Although algorithms may create logical cause-and-effect 

“trivial knowledge”, when applied to individuals or groups of human beings, outcomes may 

be wholly unanticipated.  

Indeed, human beings are characterized by unpredictability and wonder (i.e., they are non-

trivial machines), and it is currently unclear if a strong AI will ever be able to encompass 

this. Glanville wrote about this in his paper, Machines of Wonder and Elephant’s that Float 

through Air, in which he notes that it is unpredictability that was of most interest to von 

Foerster. Glanville writes:  
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“… we have a model for a world we inhabit where what we observe may change in ways 

we cannot imagine. And that means we are never truly in control, that we can and must 

keep learning – maintaining our involvement. The world of the Non-Trivial machine, as if by 

magic, creates surprises and cannot be tamed by us.” (Glanville, 2003, p. 99).  

 

In turn, the results of an algorithm used by banks are often dubious and do not reflect 

reality. Unfortunately, people in such situations often do not have a choice in such matters. 

In fact, most people using such an algorithm must trust the outcome, and thus may deny a 

loan. This issue of trust will be addressed further in this chapter. 

In considering the remarks of Tegmark, our current form of life requires an update. 

Tegmark defines this as Life 3.0, which is not yet reality, but will be in the near future. He 

defines life in three steps: Life 1.0 is biological evolution; Life 2.0 is cultural revolution; and 

Life 3.0 is technological evolution. These three categories are defined by the human body, 

which represents hardware, and knowledge, which is viewed as software. Life 1.0 cannot 

redesign its software or its hardware. Life 2.0, however, can update its software by, e.g., 

learning a new language which enables further adaption, and is one of the capabilities that 

makes human beings successful. On the other hand, hardware has a limited lifespan, which 

is not the case for algorithms. Algorithms can be understood as Life 3.0, which constitutes 

an unlimited lifespan and the capacity to acquire new software to adapt optimally to 

environments. A strong AI is especially capable of this. Adam Gazzaley asserts that it is now 

time to adapt our brains as well as possible to keep up with algorithms, i.e., further changes 

to the brain (human body) need to be made. Gazzaley, however, is not concrete about 

precisely to what our brains must adapt. Perhaps he is alluding to new drugs or 

advancements in genetic engineering to achieve an infinite lifespan. Harari proposes a 

similar view in his book, Homo Deus. In contrast to Tegmark or Gazzaley, however, Harari 

is clear that this is only an option for a relatively small group of people. Harari predicts that 

elites will reach for immortality, while the vast majority of people will be unable to do so 

(Trappendreher, 2017). Whether or not this is a desirable future may be up to the individual 

to decide. It is clear, though, that this does not solve human’s most pressing concerns, e.g., 

overpopulation, climate change, etc.  
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A major issue involving humans and AI is the problem of losing trust in our AI systems.  This 

relates to the typical BlackBox problem: If we do not know how AI comes to its results and 

conclusions, then we do not trust the system. An option to overcome this challenge is found 

in a work by Alan F.T. Winfield and Marina Jirotaka, who propose an Ethical Black Box for 

AI systems. This Black Box functions in a way that is similar to a flight data recording system. 

Such an Ethical Black Box creates transparency because, for example, it can analyze why a 

robot caused an accident, which then establishes accountably and responsibility in AI 

systems. It will also enable us to inspect incorrect decisions made by an AI system and 

update the algorithms accordingly. These updates, of course, must be made according to 

agreed-upon ethical standards, as made clear by Winfield and Jirotaka. However, for 

precisely what ethical standards should human beings aim? Can we develop trust even in 

this Ethical Black Box, as this box will inhabit AI systems and largely determine their 

behavior? A core tenet of The Future Life Institute, a volunteer-led research and 

networking organization that aims to reduce the existential risk of AGI, is that AI should be 

always beneficial to human beings. This may seem abstract: precisely what does being 

beneficial to humans mean? Does it concern health, which also comprises cost and 

availability to diverse environments? Or does it relate more to happiness that we 

experience within our lifespan and our responsibility for the happiness of future 

generations? It could then also be asked, who defines happiness? What if different 

individuals, cultures, and societies have mutually exclusive definitions of happiness? A 

consensus of the Future Life Institute, however, is the paramount importance of the 

development and assurance of AI safety. The Future Life Institute predicts that a strong AI 

will be developed sometime prior to 2060 (Tegmark, Future of Life Institute, 2016). 

Consequently, it is certainly an intelligent and logical decision to begin now to define and 

ensure AI safety because this achievement may necessitate decades of work.  

A well-known, moral regulation was proposed by Isaac Asimov in his “Three Laws of 

Robotics” (Asimov, 1942), which are as follows: 
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• A robot may not injure a human being or, through inaction, allow a human being to come 

to harm; 

• A robot must obey the orders given it by human beings, except where such orders would 

conflict with the First Law; 

• A robot must protect its own existence as long as such protection does not conflict with the 

First or Second Laws. 

 

Although these moral laws can be applied to AI, they are abstract. These laws would also 

not work for certain military weapons, such as drones and rockets, as they have other 

purposes, which are often to spy on, injure, or kill human beings. This constitutes another 

serious ethical debate. In a wider sense, even with the First Law, applied to robots in 

production, they would only be allowed to function in an environmentally sustainable 

manner. Otherwise, although the specific work that a robot may do could be beneficial to 

human beings, such robot would be ultimately harming human beings if they produced 

pollution or caused environmental degradation. It must be admitted that such issues are 

neutral regarding algorithms and thus AI systems, i.e., it is entirely up to the programmer 

or funding institution to determine which ethical standard will be included in AI system 

algorithms. Asimov seems quite cognizant of this issue (Madgwick, 2017), as delineated in 

his three laws (Asimov, 1991). Hence, returning to Sweeting (Sweeting, In Press), we need 

to apply ethics first to itself, and thus human beings. Another problem then arises 

concerning  moralization, as elaborated by Sweeting (Sweeting, 2015), and which is also in 

line with von Foerster’s view (Broecker, 2003). Monika Broecker writes about a 

conversation that she had with von Foerster, in which he stated that ethics needs to be 

implicit. This is again only possible with a consciousness and a capacity for self-criticism, 

which are outside of the scope of AI. Ethical standards must currently be programmed by 

humans until such a time that sufficiently strong AI develops its own consciousness, and 

thus an ability of self-criticism. This underlines the call to begin now to develop AI safety 

and associated legislation. Indeed, only legally-binding standards for AI will lead to trust in 

new systems.  
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It could also be asked, why should we apply ethics to the discussion of AI at all? Perhaps 

we should apply ethics to ourselves and therewith embody our ethics in AI systems. As 

human beings, we are always a part of our social environment. If we tell someone, including 

an AI system, you shalt (not) do X (von Foerster, 1995), then we are assuming certain 

dishonesty, because it does not act to the programmed goals, and thus we do not trust the 

system. In von Foerster’s sense, this is the origin of moral codes, and neglect of it will lead 

inevitably to disrespect and the cessation of communication. Such an end to 

communication and the loss of ethical values lead to social exclusion, which is already 

occurring. An example of this is the previously mentioned case of financial exclusion, 

determined by algorithms, concerning bank loans.  

Social exclusion can also occur in massive elimination of certain jobs, initiated by AI. Sam 

Harris argues in his book, The Moral Landscape, that: 

 

 “If we value scientific truth, rationality, and universality, we implicitly value ethics and 

objective moral facts.” (Harris, 2012).  

 

Consequently, current researchers need to embed a code of ethics into the algorithms of 

future strong AI that will produce beneficial results for mankind. These ethics should not 

consider specific cultures, however, as the views and norms of different cultures may vary. 

This is primarily about imbedding an ethical code of self-reflection, “I shall…, I shall not” 

(von Foerster, 1995). Glanville goes further when discussing “values”, stating that we must 

make ethics implicit (Sweeting, 2015), which is again in line with that what von Foerster 

already said (Broecker, 2003). It is important to note, however, that a difference exists 

between moral and ethical thinking. Moral views often relate to certain standards for 

reacting to someone, i.e., “You shall or you shall not”, while ethics concerns self-reflection, 

our own ego, and our own culture. Paul Pangaro says that: 

 

 “The difference lies in being responsible for our actions and being aware of that 

responsibility. From such awareness we may strive, at least, to reach a future we desire.” 

(Pangaro, 2011).  

 



	

	 22 

As a result, we need to first reflect on our own ethical goals, which is possible with SOC. 

These points can only be understood if we possess a certain consciousness and capacity for 

self-criticism, which is comprised by the use of SOC. Finally, we must adhere to humanist 

principles and ethics in order to achieve positive communication.  

Following the logic of Life 3.0, it remains unknown how AGI with an ultimate lifespan will 

react to ethical standards. However, with an ultimate lifespan, a sustainable future should 

be ensured. If this debate seems largely negative, it should be noted that the facts are much 

more positive than negative in aggregate. For example, Hans Rosling in his book, 

Factfulness (Rosling, 2018), highlights that the proportion of people living in extreme 

poverty from 1800 to today has more than halved worldwide and 80% of all one-year-old 

children are vaccinated. A certain amount of credit for these and other great 

advancements, directly or indirectly, must be given to AI. 

In the overall cycle of development, a recession and a depression inevitably follow a phase 

of prosperity. For example, digital transformation of the workplace will certainly make 

many jobs obsolete, and indeed this process is already in progress. Robots will make people 

redundant in numerous functions, and unemployment should rise steadily as a result. 

Martin Ford addresses this topic in his book, The Rise of the Robots (Ford, 2015). Ford 

identifies this as occurring especially in jobs in the service and retail industry. This will then 

lead to more unemployed people, i.e., fewer consumers, which constitute the major driver 

for an economy. Ford’s conclusion is that new political, ethical, and economic guidelines 

are absolutely requisite. He also insists that researchers question the social and economic 

impact of their work (Ford, 2017). This issue naturally leads to the ethical idea of a universal 

basic income (UBI). With a UBI, however, a risk exists that it will become an industrial 

donation serving only to combat poverty (Schwartz, 2010).  In this way, this scenario has 

been compared to an enormous welfare state. The socialist project Cybersyn, which existed 

in Chile from 1970-73, is relevant here because it was a prototype of a data- and people-

related idea intended to counteract this. The aim was to increase the country's production, 

while counteracting rising unemployment in an essentially socialist paradigm. Cybersyn can 

be considered as an early model only; today’s computational ability has made such systems 

real, and citizens are often excluded from employment and participation as a consequence. 

About Cybersyn, Eden Medina assert: 
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“It was a system designed to help the state regulate the nationalized economy and raise 

production without unemployment.” (Medina, 2011, p. 211).  

 

Indeed, most of Cybersyn's earlier ideas are commonly held today, but do not exist under 

socialist governments. AI does not have an answer to the well-founded fear of coming high 

unemployment, i.e., it is being focused on creating a UBI to compensate for this. However, 

Fischer disputes this by pointing out that industrial automation has displaced many 

employees, and is forcing them to seek new jobs that focus on information and services, 

instead of industry, especially for low-income people (Fischer, 2019, p. 295). Is this, 

however, a desirable direction to pursue? It is necessary to discuss and decide on the role 

of human beings in AI systems, and perhaps ways to retain or even increase the level of 

human participation in the economy and other sectors.  A commonly proposed remedy to 

AI-resultant job elimination is to invest in the education of human beings, in the hope that 

new jobs will be created that cannot be done by AI. What still differentiates humans from 

AI is that humans possess social and creative intelligence skills, as well as unpredictability, 

which AI needs to be taught (McDermott, 2014). This may only be achieved by newly and 

highly trained employees, faculties, and institutes. This also agrees with the logic of Life 

2.0, according to Tegmark, in which, at the moment, we are only capable of updating our 

software (Tegmark, 2017). However, raising awareness now can eliminate the risk of 

unemployment by enabling employees to make prudent career choices in advance by 

identifying which jobs will be especially needed in the future. It is certainly hoped that these 

jobs will also follow common ethical standards to benefit human beings.  

Overall, it is the ethical thinking of von Foerster (von Foerster, 2003b) which is especially 

pertinent to issues concerning human beings and AI systems. His explanation of a non-

trivial machine leads to fundamental questions that only we can answer, and thus requires 

personal responsibility (Fischer, 2019, p. 297). If we decide to act as trivial machines, or do 

so through indecision, all knowledge will be predictable, and nothing new will be 

generated. We will also act without deliberation or self-reflection. Most people would 

agree that this future is not desirable, and may be repugnant. To ensure that we chart out 

and achieve a future characterized by freedom, safety, progress and happiness, 

researchers, scientists, government officials, and indeed all human beings need to view 
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themselves as global citizens who are capable and responsible of making optimal choices. 

We must develop a universal code of ethics, and ensure that it is an integral and permanent 

aspect of AI systems if we aim to live within a bright future.   

 
  



	

	 25 

The man-machine relation in the 20th century  

 
The evolving relationship between man and machine has a long history. New technologies 

and human circumstances bring with them novel possibilities and powerful 

transformations in this relationship. Mortimer Taube, a pioneer of information retrieval, 

had already written in 1966 that information is neither matter nor energy, but rather a 

mathematically comprehensible structure (Taube, 1966, p. 123). With our current 

understanding, we can assert that this structure is based on data and is computable. 

Moreover, the outlook of Marshall McLuhan described in his book “The Gutenberg Galaxy” 

from 1962 remains accurate today. It concludes that media are shaping our society and 

creating artificial perceptions and values based on simulations. In addition, he contends 

that commodification of data has transformed our society from an industrial to an 

information-based one (McLuhan, 2011). Clearly, commodification also constituted an 

integral part of the Industrial Revolution, in which the steam engine largely replaced human 

labor (Brynjolfsson & McAfee, 2014, pp. 6-7). Brynjolfsson and McAfee extend this, 

however, to claim that it is even more important to have machines that can complete 

cognitive tasks, and not solely physical ones (Brynjolfsson & McAfee, 2014, p. 91). This can 

be observed in the current development of smart cities and Industry 4.0, which are enabled 

by sensors that deliver massive real-time data from their environments to augment 

productivity. However, Claudia Springer writes in her book, “The Electronic Eros” that “the 

inhospitable clutter of commodified postmodern age, human perception is invited to skim 

the surface rather than explore meaningful depths” (Springer, 1996, p. 43). Further, 

Springer notes that this is the result of how information is presented by television and 

computer screens, which are “flattening” our perceptual experience. Currently, our 

perceptions are enhanced by artificial intelligence (AI), which ties together our social and 

environmental experiences and greatly diminishes this flatness. Nevertheless, her 

comment about exploring meaningful depths should be considered. Hence, through the 

evolution of machines, labor has become much easier, and thinking and cognitive abilities 

have improved by orders of magnitude. However, will each actually benefit from this 

process or be constrained by it? If we are provided with more free time, how should we 

utilize this time? Will human beings and machines derive benefits from their 

commodification?   
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Currently, we are creating simulations of diverse subjects and objects, and are able to 

simulate behavior. Taube refers to this by stating that it is necessary to distinguish between 

a simulation of the structure and a simulation of the function (Taube, 1966, p. 73). Hence, 

at that time, it was clear that there is a second entity other than human beings, which is 

data-based. Dirk Baecker, a German socialist, poses an interesting related question: What 

kind of structure does society react to? (Baecker, 2018, p. 32). One could also return to the 

main argument: What does human participation mean in the age of artificial intelligence 

(AI)? Is society then just reacting to a simulation? If yes, is this a simulation that is created 

by machines or AI itself? According to McLuhan, this issue concerns media (data) and 

society (human beings). Baecker also refers to McLuhan, as well as to the topic of new 

possibilities of instant communication at the speed of light. Specifically, Baecker adds to 

this discussion by concluding that spatial and temporal distances that characterized earlier 

societies disappear without space and time disappearing (Baecker, 2019 ). However, we 

are not yet able to compute a whole brain or human being. This would require a new 

evolutionary step, as promoted by Max Tegmark in Life 3.0 (Tegmark, 2017). In fact, this 

would mean that data and humans would form a new symbiosis, in which the distinction 

between man and machine would be removed. This symbiosis, which has not yet occurred, 

is based on human-machine relations and its evolutionary process. Here, however, we are 

specifically focusing on the relation of man and machine in the 20th Century. Furthermore, 

if we speak about the relation between man and machine, the machine was, in the past, 

understood as an external extension of the physical body. This is indeed interesting 

because, with the presented logics, two entities exist, i.e., the human being and structures, 

and both entities can be presented as data. These two entities have also currently merged 

into a new entity and form of life, which perhaps will soon be termed Life 3.0.  

 

An interesting difference in the above-mentioned two approaches of understanding the 

relation between humans and machines has been identified by Thomas Lamarre (Lamarre, 

2012). Lamarre perceives two different types of relations of man to machine, one which 

refers to Martin Heidegger and the other to Norbert Wiener. Heidegger promotes a 

deconstructionist understanding of an “essence of technology” from a linguistic 

perspective, which considers everything through the lens of law (as a moral view) and 
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being. Andreas Luckner writes that technical thinking and acting are therefore already 

contradictory forms of work, to the extent that they concern making use of available means 

to transcend labor (Luckner, 2008, p. 45). On the other hand, historically, the development 

of more efficient machines has aimed to increase commodification in order to make 

existing work more effective. Only the development of an Artificial General Intelligence 

(AGI) would finally succeed in the goal set by Andreas Luckner, i.e., to overcome the labors 

of work. Whether or not human beings would then achieve happiness constitutes a 

different question. Especially, the definition of happiness presents challenges, as different 

cultures probably possess different understandings of happiness, which leads to a general 

ethics problem in developing the goals for an AGI. For further exploration of Heidegger and 

his ideas about human-technical relations, please see Luckner (2008). 

 

Norbert Wiener, however, employs a different approach. With his cybernetic model, 

Wiener explores the distinction between animal and machine. This, in the view of the 

French philosopher Gilbert Simondon,  is dangerous as it reduces human beings and society 

to a machine (Lamarre, 2012). Simondon’s contention is probably related to a tactical 

mistake (Glanville, 2012) made by Norbert Wiener, who published the book Cybernetics: 

Or Control and Communication in the Animal and the Machine (Wiener, 1948) prior to his 

publication of The Human Use of Human Beings (Wiener, 1954). Ranulph Glanville assumes 

that if Norbert Wiener had published his two books in reverse chronological order, 

cybernetics would be more appropriately valued as an ethical discipline (Fischer, 2019, p. 

297). On the other hand, it is also possible that Wiener deliberately chose this order, as it 

was just at the end of the 2nd World War, and people may have had no time or will to 

engage in an ethical discussion of the man-machine relation. Today, we understand, 

however, that ethical implications are requisite, even in war time. Nevertheless, both views 

are currently important, and the boundaries between the differentiation are becoming 

blurred. Indeed, both views support understanding the relation of man and machine.  

Rolf Eraßme delves even further to speculate about four current possibilities for AI, 

according to the English physicist, mathematician and philosopher, Roger Penrose, which 

derives from the human understanding of this machinic topic (Eraßme, 2012). AI could be 

accurately considered as a machine, as only through machine learning did AI become 
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applicable. Today’s deep learning constitutes a subcategory of machine learning in the 

overarching field of AI research and application. From Roger Penrose’s perspective, a 

strong human-like AI is based on the conception that all thinking is calculation, whereas a 

weak AI indicates that consciousness is a property of physical processes occurring within 

the brain. This implies that everything can be simulated mathematically, but a simulation 

does not generate consciousness. This essentially means that an AGI proclaims that 

mankind itself is just an algorithm, and therefore can be considered to be an intelligent 

machine. However, as long as AGI is not invented, something exists within human beings 

that cannot be translated into an algorithm, which could constitute consciousness or 

“magic”. In addition to these two possibilities, a physical explanation also exists that asserts 

that, although there are physical processes in the brain that lead to consciousness, they 

cannot be simulated mathematically. If this is the case, it certainly requires the creation of 

a new science. When comparing this to the ideas of Mortimer Taube, the importance of 

this is evident. Finally, the mystical perspective, which combines science and humanities, 

contends that consciousness cannot be explained scientifically to any extent, i.e., neither 

in the language of physics nor in the language of computers (Eraßme, 2012). This view 

proclaims that human beings are more than an algorithm, and consciousness is here viewed 

as a uniquely human attribute. In von Foerster’s sense, human beings are somewhat akin 

to a non-trivial machine (Glanville, 2003). Interestingly, if we subscribe to von Foerster’s 

idea, i.e., that human beings are linked to the goals of a machine which he further divides 

into trivial and non-trivial machines, why can this not be machine or being? Baecker writes 

that the non-trivial machine responds recursively to itself without having to consider the 

purpose for which it was created (Baecker, 2018, p. 181). Consequently, the question of 

“What purpose at all does being have?” arises. At least, we can state that it should relate 

to health and happiness, as previously noted. In addition, this relation must be supported 

by a new understanding of the man-machine relationship or, in other words, that way that 

we will participate with AI in the future.  

This discussion reveals a desire that exists to either create life to be like algorithms or at 

least stimulate them. This defines AI and strong AI, or the so-called artificial general 

intelligence (AGI). Yuval Harari goes further in his vision of a dystopian future, and 

concludes that we are the last generation of homo sapiens. He proposes that, within a 
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century or two, the Earth will be dominated by new entities (Harari, 2018). Actually, he is 

correct in that we are currently at the very initial stage of the development of an AGI, which 

will erase the subdivision between the simulation of structure and function. If this is the 

case, then death will become obsolete. This constitutes a strong, but also dubious, 

argument because this does not constitute a desirable future. Rubin suggests, that instead 

of Homo Deus, “The Algorithmic Man” would be a more apt title for the book (Rubin, 2018). 

Indeed, Harari admits that this contemporary approach to a materialistic understanding of 

life in general and human life has not approached solving the problem of consciousness 

and self-esteem. This is again related to the often-noted mind-body problem. However, the 

idea of overcoming our bodies does not appear from a vacuum, but rather has historical 

roots. One of these roots probably traces back to Russian Post-Humanism, and to Nikolai 

Fyodorov, a Russian philosopher and precursor of Russian Cosmism and therewith 

Transhumanism. Transhumanism is a philosophical movement that advocates 

transformation of the human body through technology to improve human beings, 

hopefully today through friendly AI, while simultaneously considering the ethics and 

negative implications that will be implicit. Fyodorov did not believe in the soul, but in the 

body. For him, the physical, material existence was the only possible form of existence. 

Likewise, Fyodorov believed in technology, because he perceived that everything is 

material, physical, feasible, and technically manipulatable (Groys, 2016, p. 9).  Colleen 

McQuillen states that, “The autotrophic strain of Cosmism is one of the most vivid examples 

of philosopher-scientist anticipating how human physiology might change in response to 

evolving conditions on Earth or a new, interplanetary habitat.” (McQuillen & Vaingurt, 

2018, p. 109). Nevertheless, it is interesting to note that not many sources exist that link 

the development of AI to Russian Cosmism. However, if one compares this quote to that of 

Norbert Wiener, who asserted that: 

 

"We are the slaves of our technical improvement and we can no more return a New 

Hampshire farm to the self-contained state in which it was maintained in 1800 than we can, 

by taking thought, add a cubit to our stature or, what is more to the point, diminish it.  
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We have modified our environment so radically that we must now modify ourselves in order 

to exist in this new environment. We can no longer live in the old one. Progress imposes not 

only new possibilities for the future but new restrictions." 

 (Wiener, 1954, p. 46). 

 

one can see that the main issue was always about human beings in relation to technology 

and their environment. For Wiener, it concerned the man-machine relation to the 

environment. This is indeed interesting if we examine both Da Vinci’s Mechanical Knight 

from 1495 and Stelarc’s Exoskeleton. As the sketches of Da Vinci’s Mechanical Knight were 

rediscovered in 1957, Fyodorov could not have been aware of the ideas contained in the 

Mechanical Knight. However, he was probably cognizant of other inventions by Da Vinci, 

which were remarkable machines that improved or manipulated the human body (Cox, 

2019). In addition, it is astonishing that Da Vinci had already formulated ideas about how 

to create a machine based on the anatomical structure of human beings. Nevertheless, he 

probably struggled in creating an autonomous intelligence which would operate this 

Mechanical Knight, which could be today called AI. The Mechanical Knight is just one 

example of this. His Flying Machine is another machine that constituted an extension to 

the human body. Even modern drones and how they are operated in combination with 

human beings and AI seems close to Da Vinci’s thinking when he was designing the 

Mechanical Knight. A different, more advanced approach for the manipulatable body was 

created by Stelarc as a kind of performance art. Stelarc created a six-legged, pneumatically-

powered walking machine as an extension to the manipulatable body (Stelarc, 2019). While 

the exoskeleton remains a mechanical manipulation of the body, Stelarc also created a 

third ear as a biological extension. Grown from his own cells merged with sensors, this third 

ear was connected to his arm. The central element of Stelarc’s work is the prothesis as an 

extension to the human body. The prosthesis, in this case, does not constitute a lack of 

something, but rather a symbol of an additional feature. AI can be regarded as a prosthesis 

that forms an additional feature of the human body, i.e., instead of replacing a missing or 

broken body part, these interfaces and devices enhance the shape and functions of the 

body (Frieling, 2019). This is particularly interesting if we compare this to the ideas of 

Kristina Toland. For her, 
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 “Cognition itself is essentially prosthetic – meaning that we use technology to articulate 

our perceptions of the world and of ourselves, and because of this, our evolution is grounded 

in technics.” (Toland, 2018, p. 159).  

 

This also agrees with the ideas of Fyodorov and Stelarc, and the examples of seeing the 

body as something that can be mechanically or organically improved, in which human 

evolution is interconnected with the technical. Today’s behavior with modern 

technologies, such as a smart phones, is similar. Decisions, intelligence, and liability are 

often outsourced to so-called “Apps”. In addition, as already shown by the exoskeleton 

created by Stelarc, mechanical additions or manipulations are transcendent. Human beings 

now have the possibilities of genetic engineering, cyberware, and pharmaceuticals that can 

greatly augment our brainpower. 

 

The manipulatable body has been linked to many science fiction movies, of which Blade 

Runner is an excellent example. Much has been written about the relation of man and 

machine in the film Blade Runner (Gunzenhaeuser, 2006). However, the issues contained 

in Blade Runner 2049 (2017) are worth further exploration. In the film, AI reproduces itself 

as a human-like entity through changes in code. Of course, corporations and scientists are 

not currently able to achieve this; in Blade Runner 2049, this is done by the Tyrell 

Corporation. Returning to the theory of Tegmark, Blade Runner 2049 is based on the idea 

of the next evolutionary step, i.e., Life 3.0. A major question then arises: What will happen 

if this new AGI entity appears precisely like a human being, acts like a human being, and 

reproduces itself like a human being? In this case, will any differences remain? Clearly, the 

issue of the man-machine relation will no longer be relevant. Baecker supports this idea by 

concluding that the comparison of machines with people loses interest (Baecker, 2018, p. 

17). Although this may certainly be the case in the future, an important and pertinent 

debate currently exists. Luckner adds to this by proposing that the losses resultant from 

existing in the modern age of technology can only be compensated for by having the ability 

to simultaneously make the best use of technical thinking and also circumvent it (Luckner, 

2008, p. 93). Nick Bostrom supports this in an interview in 2006. In it, Bostrom stated that 

we need to advocate strongly for the ethical use of technology to expand human capacities 
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(Bostrom, 2006), which is also in accordance with the views of Max Tegmark and the stated 

goals of the Future of Life Institute.  

With the further development of machines, the issue of the difference between man and 

machine becomes increasingly obvious. Alan Turing and the well-known Turing Test is 

pertinent here. Alan Turing was one of the inventors of computer science and deeply 

considered the man-machine relationship. Turing opened his seminal paper with the 

question “Can machines think?” (Turing, 1950, p. 433). To answer this question, Turing 

developed the well-known Turing Test in 1950 to determine whether or not the intelligence 

of a particular system corresponds to that of a human being. Within AI, the Turing Test and 

its modifications are regularly utilized to review and evaluate developed systems. The 

Turing Test is set up as follows. A human being is connected to another human being and 

a computer via a keyboard and computer screen. Both the computer and one of the human 

beings attempt to convince the human questioner that they are people. If the questioner 

cannot determine who is the machine and who is the human being, the machine has passed 

the Turing Test, and the machine is judged to be experienced on a human scale (Kahl, 2016). 

An adaption of this Turing Test appeared in the movie Blade Runner (1982). In Blade 

Runner, a test was employed to determine if the tested object was human or a replicant 

(machine). Here, this test was named the Voight-Kampff test. The major difference 

between this test and the actual Turing Test is that the Voight-Kampff test is based on face-

to-face communication, which is assisted by a machine; whereas, in the Turing Test, the 

human being is connected by a keyboard and a computer screen, and has to use its own 

consciousness. In other words, with the Voight-Kampff test, human consciousness and the 

ability to make decisions are increased through the use of an external machine. In fact, it 

assumes that a machine is necessary to detect other machines, which are also identical to 

human beings.  

A major extant criticism of the Turing Test is that only the functionality of a system is tested, 

and not whether the intelligence is based on consciousness or intent. This critique could be 

connected to the possibilities of AI according to Searle. Although we are considering what 

will occur when AI transforms to AGI within its own consciousness, we do not currently 

know consciousness is generated in the human brain; thus, how would it be possible to 

develop an algorithm for an AGI to generate its own consciousness? One of the main 
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proponents of this criticism is the American philosopher John Searle (Hifarva, 2016). 

Theoretically, the Turing Test could constitute a system that merely mimics and programs 

human behavior in order to manipulate the interlocutor and conversation to become 

human, but without the need for true intelligence. That this is possible was demonstrated 

when the IBM computer, named Watson, played the game Jeopardy! and won. Although 

this was a milestone in AI and its ability in question and answer tasks, it probably does not 

demonstrate that Watson is actually a human being (Carmel, 2014). It clearly showed that 

Watson was able to answer questions according to machine intelligence that was superior 

to human intelligence. Watson, however, was unable to respond emotionally or to answer 

with a certain consciousness. A way to express this might be that Watson could tell us how 

to build planes that fly, but would be unable to express why we build planes. 

 

Reviewing the 20th Century and the relation of man to machine, we now delineate this 

evolution into three distinct periods. The first was driven by the invention of the Centrifugal 

Governor by James Watt, which enabled the Industrial Revolution by making use of the 

steam engine. Utilization of the steam engine replaced and greatly surpassed the 

productive capacity of human muscle power. The second period was catalyzed by the 

concept of AI, which was first defined as a scientific term at the now legendary Dartmouth 

conference in 1956. This was, of course, facilitated by the development of the computer, 

which was used to enhance and sometimes replace human brain power. The final period 

constitutes the combination of sensors, robotics and advanced automation, which leads to 

Industry 4.0 and perhaps AGI in the future. While the first two periods replaced muscle and 

brain power, precisely what the third period might replace is not yet clear. Perhaps the 

replacement will concern intelligence and human beings.  

Another way to consider this is to refer to the three stages of the Industrial Revolution. The 

first began in Britain in the late 18th Century through the mechanization of the textile 

industry. Consolidating this mechanization into large cotton mills further increased 

efficiency,  and the factory was born. The second part of the Industrial Revolution was 

initiated by Henry Ford and the creation of the assembly line. Finally, the third part was 

enabled by digitalization of industry and production on the basis of new information 

technologies, such as the IoT. These three stages constitute the Industrial Revolution, and 
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were necessary for subsequent inventions that resulted in massive social rearrangement. 

These three stages can also be used in a general manner to understand developments in 

the relation between man and machine.  

 

It is difficult to determine a precise start of the man-machine relation for the first period 

because the boundaries here are also blurred. Da Vinci’s work could be considered as a 

starting point, as could the development of certain machines in the Baroque era. The latter 

will not be addressed here because it is essential to our discussion and is somewhat 

complex. However, the beginnings of the Industrial Revolution were shaped by great-

minded people other than James Watt, such as Alexander Graham Bell, Thomas Alva 

Edison, Henry Ford, and Otto Lilienthal. With their and others’ inventions of the steam 

engine, the telephone, the light bulb, the perfection of the assembly line, airplanes, etc., 

mankind entered into a new mechanical man-machine relation. Frederick Winsor Taylor, 

the founder of ergonomics, most also be mentioned here. The aim of Taylor was to identify 

the "best way" of performing a work step in order to make the work measurable and to 

ensure machine-like, error-free, and efficient execution (Hessler, 2014). Human labor 

became, though Taylor’s work, measurable and therewith humans could be “optimized” 

and perhaps even replaced by the usage of machines. Martina Hessler further notes that 

knowledge was transcribed and thus made into an objectified form of the individual body, 

whereby the workers were, to a certain extent, living machines. Moreover, at this time, 

and with the inception of cybernetics and advancements in AI, the superiority of man was 

obvious. This superiority of man, however, becomes dubious in the third period, which 

constitutes a major shift in the man-machine relationship. Overall, however, it can be 

concluded that, in the first period and the beginning of the second period, the man-

machine relation was characterized by automation.  

 

Another part of the second period comprises the years from 1940 to 1985, which were 

further categorized into three 15-year eras by T.B. Sheridan in his paper, Forty-Five Years 

of Man-Machines Systems: History and Trends (Sheridan, 1985). Sheridan’s three eras are: 

A (1940-55): Acuity, Anthropometry, and Activity Analysis; B (1955-70): Borrowed 

Engineering Models; and C (1970-85): Computers and Cognition. Era A was characterized 
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by empirical human factor engineering. As it was during the Second World War, people did 

not have much time to devote to developing a new philosophy of the man-machine 

relation. Nevertheless, it was indeed at that this time that cybernetics was introduced as a 

science by Norbert Wiener. Wiener dealt with the automatic aiming and firing of anti-

aircraft guns. Subsequent developments in communication theories and 

telecommunications led to (in simplified terms) the scientific discipline of cybernetics.  

In era B, the new system theory became widely accepted. Although many projects were 

already driven by the engineering ideas of era A, they were now applied to human beings, 

in which human beings were regarded as the operator. In addition to cybernetics, general 

system theory (GST) was also proposed during this time by Ludwig von Bertalanffy, as was 

system dynamics by Jay W. Forrester. The seminal paper, “Machines Without Men”, by 

Weaver and Brown (Weaver & Brown, 5 / 1946) is also worth noting here, as they stated 

that men became obsolete in factories and will be replaced by machines. Indeed, one can 

see that this has become reality. Machines can work for 24 hours each day, do not get sick, 

do not need holidays, do not have unions, can operate in the dark, and do not require 

heating. The work of Weaver and Brown can be considered in light of the subsequent ideas 

of Juergen Schmidhuber, one of the luminaries in the science of AI, who stated that man 

will no longer play a dominant role in work. Approximately 10 years after the publication 

of Machines Without Man, in 1955, George A. Miller published his influential work “The 

Magical Number Seven, Plus or Minus Two - Some Limits on Our Capacity for Processing 

Information” to which we will refer when we examine Cybersyn. Cybersyn is an excellent 

example of era C. In the beginning, the computer was operated by humans and used simply 

as a machine to manipulate numbers or solve equations (Sheridan, 1985). In era C, 

however, the computer became the basis of decision-aids, such as in the case of Cybersyn. 

This new awareness catalyzed an extreme change in the human-machine relation. Now, 

not only do machines help with physical work, they also assist people to improve their 

intelligence to make decisions. 

 

Having discussed the first and second periods, we now examine the third period, which is 

characterized by digital transition. The complexity of computational systems in our 

environment is now at the point where we could wonder if human beings remain the 
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operator. Gerd Leonhard points out that the demarcation between fiction and reality has 

also been blurred by inventions, such as intelligent personal assistants (e.g., Cortana, Siri, 

Google Now), expanded virtual reality (e.g., Microsoft Hololens, Oculus Rift), and numerous 

others (Leonhard, 2015). Leonhard also wonders that, while machines were initially 

programmed with the goal to perform tasks, perhaps we will be able to program them to 

ask “Why?” in the third period. The third period truly presents a qualitative change, that is 

driven with, and not by, machines that will hopefully possess an ethical awareness. The 

urgent need for a clear human-machine ethical system becomes apparent because we no 

longer have to worry about whether technology can make a difference, but whether it will 

determine why a change should be made (Leonhard, 2015). The change of the question 

from how to why also involves the idea of wicked problems and the relation of soft- and 

hard-sciences.  

 

In conclusion, mankind began its awakenings already possessing tools, such as the hammer, 

to make labor easier. However, the first machines were more akin to prosthetics, in which 

precisely what a machine was and how it appeared were clear. It was also evident that 

machines were designed to be operated by human beings. However, in our current third 

period, boundaries are blurred, and it is no longer clear whom is directing whom. According 

to Leonhard, the most fundamental and pertinent question is determining whether and 

how we can remain human in a world that is rapidly evolving into a kind of global brain 

machine (Leonhard, 2015). For this, we need to develop new ethical guidelines, which aim 

above all to secure happiness and health. However, as previously mentioned, health can 

be defined relatively easily, while happiness can be culture-dependent. Furthermore, 

Leonhard notes that we may soon be forced to behave like machines, or to actually become 

them, to remain productive or useful in the economy of the machine age. This is indeed an 

interesting and perhaps alarming question. Although it cannot yet be answered, we need 

to at least create a clear awareness of this new man-machine relation. It could be 

concluded that this new relation was already foreseen in the late 19th Century by Nikolai 

Fyodorov, within the scope of Russian Cosmism. Fyodorov regarded the physical body as a 

manipulatable entity, and the soul did not exist. Consequently, he believed that material 

existence was the only possible form of existence (Groys, 2016, p. 9). Indeed, even 



	

	 37 

hundreds years prior the highly discussed book Homo Deus by Yuval Harari, where he 

declares, that homo sapiens will be replaced by a new entity. If this constitutes a desirable 

future is not yet clear and is ultimately up to each individual to decide. Nevertheless, it is 

now time to make the decisions necessary to purposefully establish the course for a 

desirable human future with or without AGI, and thus a new man-machine relation.  

 

Finally, it should be noted that the above-discussed projects, people, inventions, and ideas 

only constitute a sample to hopefully stimulate readers’ minds about the topic. There are, 

of course, many other people, inventions, etc., which had major impacts. As the paper’s 

title indicates, this constitutes a brief overview, and not an explicit treatise, of these 

revolutions. My aim is to present a very abridged summary of the progression of the man-

machine relation, and to show that one stage followed somewhat logically from the 

previous one. More importantly, however, may be the conclusion that a quantitative 

change has occurred and exponentially greater changes may follow. Indeed, in the past, 

machines were attached to the human body, and now the machine is entering us. We have 

the power now to consider how best to direct this enormous transformation so that its 

primary aims are to serve our health, happiness, and autonomy.   
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The City, interaction, and Human Beings 

“Smartness” in architecture is currently achieved by data that oscillate between human 

and machine. This relationship between human and machine leads to an innovative and 

immersive world of complexity in the field of contemporary architecture and urbanism. 

“Smart cities” concern the intelligent fusion of complex systems that are self-aware, know 

their strengths and weaknesses, and take their requirements and desires seriously. Such a 

description is very like the description of artificial intelligence (AI). AI refers to machines 

that respond to their surroundings based on algorithms to (preferably) maximise the 

outcome (ideally) in a positive manner. Therefore, AI is part of today’s cities. The city’s 

smartness is a vehicle for moving towards continuous improvement of quality of life and 

competitiveness amidst continually changing circumstances. Using the new possibilities of 

data gathering, exchange, and analysis, it enables all of its components to adapt to the 

changing conditions of its internal and external systems. Participation constitutes a central 

element of intelligent urban centers, not only as an application and acceptability generator, 

but as an evolutionary strategy for innovative solutions in our environment. Consequently, 

decisions are informed and participatory. Citizens, infrastructure, services, and the natural 

environment become communicative, self-regulating the urban metabolism, which leads 

to a collective intelligence and social innovation.  At present, it is not clear if this social 

innovation will take place, but it does describe an ethical goal that is important. Self-

regulating processes also imbed criticism, which we will refer to in Chapter 1.3 The 

Grassland Biome and Cybersyn. 

Wim Elfrink, Executive Vice President of Industry Solutions and Chief Globalisation Officer 

from Cisco Systems, states that:  

“…largest impact from cities with a grand vision and strong leadership that deploys these 

solutions holistically across departments and urban services, whether it is smarter 

management of parking, water, lighting, energy waste or traffic.” (Elfrink, Wim. Interview 

14th of March 2014). 

This approach is shown in Figure 5. 
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Figure 5. City of the future. Complex relations based on ICT and communication. Often the complexity of the 
Smart City is represented in a bar chart, which however does not represent the interaction of the individual areas, which 
is visualized with this chart. Especially the importance of the ICT structure. 

 

Yet, smartness has not emerged phoenix-like from the ashes of an earlier world. Since the 

early 1980s, when computers became affordable, we have adapted them to many different 

fields, including architecture. An example of this is “Ekistics”, a science founded by Dr. 

Konstantinos A. Doxiadis, a Greek architect, urbanist, and visionary who did his Ph.D. work 

at the Technical University Berlin, in 1936. The science ekistics is concerned with a holistic 

view of human settlements,14 that is actually not too dissimilar from our comprehension of 

cities today, in which we acknowledge that we must generate a holistic view to manage 

such complex systems. In the 1950s, regular meetings took place on boat trips with people 

                                                
14 Source: https://en.wikipedia.org/wiki/Ekistics (accessed 17/04/05). 
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such as Buckminster Fuller and Marshall McLuhan. The results were published in the 

magazine “Ekistics”. More information about these events can be found in the chapter 

“Network Fever” of the publication “Architecture in the Age of the Radio” by Mark W. 

Wigley (Wigley, 2015, p. 279 ff.). The concepts and novel technologies that had arisen at 

that time have had an enormous impact on our society, as well as how we proceed with 

architecture, environmental strategies, and urbanism. This process has resulted in the birth 

and evolution of several architectural genres, such as the well-known “Blob Architecture” 

(Schmal, 2001) and “Parametricism” (Schumacher, 2010). It was not until the late 1990s 

that computation became a specialised field within the architectural environment, 

spearheaded by entrepreneurs, such as Nikolas Negroponte, Greg Lynn, and John Frazer. 

They made digital architecture fashionable and, since then, it has become a daily tool in 

our lives, even for architecture students. Indeed, today it is nearly impossible to imagine a 

university without computers. A clear majority of our historical knowledge has been 

digitalised and stored in virtual space. We are also now developing “programs for programs 

in programs” to achieve higher complexity, as well as more freedom in the way that data 

are processed and manipulated. To this end, Eisenman and colleagues assert:  

“The digital is no longer a Black Box, a magic thing that’s going to fulfil a vision of the future, 

rather it is a concrete thing with character and limits and influences. Today, it is time to 

start to write a history and a theory of digital technology. Archaeology of the Digital is about 

stating: in the past, digital technology did this …” (Eisenman, Gehry, Hoberman & Yoh, 

2013, p. rear page). 

However, we differ from Eisenman et al. in that the digital is no longer a Black Box.15 We 

argue that we should consider computation as a specific tool that can be used in 

architecture and urban planning because, in our reality, most processes are already based 

on virtualisation. However, we require knowledge of the background of computation, and 

where the utopian ideas of the 1960s and earlier led us if we discuss smartness. Awareness 

of how we use these technologies is requisite if we intend to understand the complexity 

                                                
15 If we relate the term Black Box to that what Maxwell and Joseph-Louis Lagrange meant by this, each user of the 

digital world would know the detailed mechanism of the process of computation in the digital world. We can have 
knowledge, but not total understanding, of these systems.  
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that architects deal with today. The new buzzword, “smartness” is, in fact, intrinsically 

linked to history; it is neither a new style nor a formal language. Instead, it is a network that 

alters the space in which architects work (as well as other spaces that are nevertheless 

expressed through the eye of an architect). We are surrounded by networks plus their data, 

and we can react in real-time to certain conditions.16 As Batty states: 

“In a world now dominated by the end of this century, it is high time we changed our focus 

from locations to interactions, from thinking of cities simply as idealized morphologies to 

thinking of them as patterns of communication, interaction, trade, and exchange; in short 

to thinking of them as networks.” (Batty, 2013, p. 15). 

This novel paradigm dictates that architects must interact through networks instead of 

through locations first (Batty, 2013). These networks are wonderfully captured in an image 

by Martin Roemers (Figure 6). It shows human motion, perception, ageing, evolution, data, 

love, traffic, and more to which citizens are constantly exposed. It is necessary however to 

reduce complexity first.  

Thus, we have to differentiate between knowledge and understanding (Deutsch, 1998, p. 

30) to approach this complexity. Deutsch calls this in his introduction to “The Fabric of 

Reality” the “Theory of Everything”. Deutsch contends that: 

“Being able to predict things or to describe them however accurately is not all of the same 

thing as understanding them.” (Deutsch, 1998, p. 2). 

This can be easily exemplified with a mathematical formula. We know that two plus two is 

four, and this is basic knowledge. We do not even have to think about it. However, do we 

understand why this is four? Is it due to the law of nature or due to our perception of 

reality? Is it related to the environment which shapes us? Perhaps the answer is all of this; 

in this case, mathematicians speak about an axiom. An axiom constitutes a basic statement 

                                                
16 I would like to mention that human beings always communicate in real-time. In this context, the term real-time 

should refer to communication with computers that can calculate certain data and feedback at a speed that was not 
possible 10 years ago. This leads to new possibilities in evaluating the output and speeding-up the process – calculation 
of a vast amount of data can now be seen as real-time communication. However, in 2017, data are still too complex for 
such calculations. 
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that is taken for granted without the need for proof. It relates to a method of thinking that 

is not based on facts. This proof is then transferred into a law, i.e., a rule that helps to 

handle complexity if we see two melons on a table by using math to calculate one plus one 

together as number two.17 We all know what reality is, but who understands the term 

reality itself? In addition, if this causes problems, how do we tackle real-time data and 

networks for those who know about it, but have not developed an understanding of it? 

 

Figure 6. Human motion, perception, ageing, evolution, data, love, traffic, and more to which citizens are 

constantly exposed. All these factors are creating complex data networks, which can be mined to optimize the city. 

Nevertheless, most data is linked to human beings and therefore the process of data mining needs to imbed ethical 

values. Martin Roemers 1998, Shibuya Tokyo.  

 
The easiest way to reduce this complexity is to create a consciousness regarding these 

topics that evolves into knowledge. With this consciousness, although we cannot define 

                                                
17 Actually, there is a mathematical proof that 1+1=2. This can be found in the book “Principia Mathematica” by 

Russel and Whitehead on page 362. 
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reality, we are aware that the use of data and networks is convenient. We do know these 

terms, but do not totally understand them. Thus, a novel consciousness would help us to 

handle data and networks or at least to communicate about them.   

 

The evolution of computation shows that in the last 30 years, humanity has optimised 

machines to fulfil their functions through direct or indirect calculations of a central 

processing unit (CPU). Ironically, it was Charles Babbage, the father of computers, who 

needed a computer that could finish his design of the first difference engine. This is quite 

difficult if you are designing the first computer.19 In other words, he required a working 

computer to finalise the design of the first computer that constitutes a polemical answer 

in the context of a non-working machine. However, with Charles Babbage’s unrealised 

difference engine, conceived in 1821, humanity entered a new era of philosophical 

thought. The difference and analytical engines are widely regarded as the first computers. 

Doron Swade states in “The Difference Engine” that:  

 

“The encounter with Herschel in 1821 when the two friends met to verify the calculations 

of the computers was the genesis episode in the history of automatic computation.” 

(Swade, 2001, p. 17). 

 

Since the invention of the computer chip and its development, humankind finally 

succeeded in creating a new era in which technological innovations appear at an ever-

increasing pace. This pace is known as Moore’s Law. 20  As noted in 1965 by Robert 

Boguslaw, computers are manmade systems and are not found in nature:  

 

“They have to be built. And they must take their places within a framework of existing 

social systems” (Boguslaw, 1965, p. 182). 

 

Yet, owing to the evolution of prefabrication systems, it is only a question of time regarding 

when they will escape their factories, their birthplace, and reproduce themselves. In fact, 

                                                
19 Noted in Ranulph Glanville’s introduction lecture about Cybernetics at the M.Arch. course at the Bartlett 2006. 
20 Cf. https://en.wikipedia.org/wiki/Moore's_law (accessed 17/10/04). 
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although they still must be built today, they are more real in our world than other human 

beings. For example, because each modern phone is a small computer, it can connect to a 

global network, such as in trains, automobiles and planes. We can assert that, by today, 

each user has a mobile Internet Protocol (IP) address attached to his or her body, and thus 

there is no escape possible from failures that occur in meta- and cyber-space; traces are 

left from the “body IP” unless we obscure our identity. Being on the cutting-edge with 

technologies, such as singularity, Boguslaw’s quote might belong to history. A published 

article in 2017 Spiegel.de that is interesting in this context concerns warfare and the 

successful test of a swarm of drones (Boehm, 2017)  Detractors stress fear of autonomous 

weapons, while the Pentagon focuses on that the drones will be able to assist to make 

better decisions. In addition, the Pentagon states that humans will always be part of the 

system.  This leads to the following question: Will each human body have its own IP in the 

future?  

The future of the human body thus becomes unclear. The human need for passing 

genotypes in future systems has been intertwined in a world of electronic circuitry. The 

human body has become virtually extended; the body is displaced in its environment. 

Authenticity is no longer grounded in individuality, but rather “in the multiplicity of remote 

agents” (Arcadiou, n.d.) that it hosts. Compared to industrialisation, there is an analogous 

result: the alienation of the human body. Even if this is polemically written and not very 

optimistic, one of the leading minds in the science of AI, Juergen Schmidhuber, who works 

for the Google Research Center in Zurich, stated in an interview:  

 

“Man will no longer play a dominant role” (Fellmann, 2016). 

 

We could go as far as to assert that the Technobody (Koering, 2007) is degrading mankind 

to the status of an object; mankind is becoming fragmented through its data reduction, 

decomposition, and recomposition in a continually fleeting space each time the body alters 

its location.21 The Technobody (Figure 7) concerns this dehumanisation through extended 

phenotypes and commits to the idea that it is just a site for the mind. Because it is crucial 

                                                
21 The location becomes obsolete if we consider the communication of emails, as an example. It is the sender and the 

receiver, and not the direct way. The message is split up in small parts that finally reunite.  
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to learn how to survive this disjuncture of reality and fictional space, the term 

“Technobody” is just an idea, i.e., a state of intelligent thinking. 

 

The technical degradation of mankind in machines and algorithms began in the early stages 

of the industrialisation era, that was made feasible by the invention of an early cybernetic 

steering device in 1788, the Centrifugal Governor, by James Watt and his business partner 

Matthew Boulton (see Figure 8). This term derived from the term “governance” that refers 

to the act of governing. Governing relates to decisions that define expectations, grant 

power, or verify performance. Governance thus describes a strong link to cybernetics that 

concerns communication between humans, animals, and machines by learning through 

feedback. It concerns processing the language of objects. This Centrifugal Governor has 

now been replaced in machines by a pre-programmed computer chip that carries the code 

of time delay and responds to the input of its sensors.22 

 

At this point we refer to Heinz von Foerster’s ideas of cybernetics of first and second order. 

Bernard Scott (Scott B. , 1980) writes that Heinz von Foerster distinguishes first-order 

cybernetics as the "science of observed systems" and second-order cybernetics  (SOC) as 

the "science of observational systems." Hence, SOC tries to explain itself to the viewer; it 

imbeds the act of self-reflection, which is a unique human gift. However, Ashby noted in 

1961 his article "What is an intelligent machine?" (Ashby, 1961), that the first generation 

of cybernetics asks "What is a brain?" Has answered and now the question is, "What is the 

mind?" Bernard Scott writes accordingly that in von Foerster’s terms, the former question 

is first order, the latter question is second order (Scott B. , 1980, p. 3).  

 

 

                                                
22  Cf. Steam engines replace muscle power and computation as an extension of the mathematical brain. This 

combination leads to AI and robotics. 
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Figure 7. Artistic visualization of  “The Technobody”. Human Being forms a symbiosis with technology, 
however technology has become a burden, which is attached to the human body. It represents a shift in the man-
machine relation as described in the introduction: The man-machine relation in the 20th century.  



	

	 47 

 
         Figure 8. Bend curve of human history and the effect of the steam engine. Based on a chart from the book “The 

Second Machine Age” (Brynjolfsson & McAfee, 2014, p. 7) 
 

Second-order cybernetics proclaims that the observer is his or her own ultimate object, his 

or her own Black Box. In other words, first-order cybernetics describes the observation of 

a system from the outside, while the second-order is based on the ideology that the 

observer is part of the system. We are therefore analysing the system from the inside. This 

concept is crucial if we consider “Conscious Cities”, as the human being is always part of 

the system and should not be considered as detached from it. The photography above by 

Winfield Parks in 1974 (Figure 9) captures this mood precisely. It shows Hunedoara as an 

industrial city with generated pollution. The pollution hovers over the city and creates a 

new atmosphere which also affects the light. The cable automobile lorry symbolises the 

transportation of goods for the energy required for production and electricity. An old 

symbol of power, i.e., the castle, is present, but is obsolete. In the middle of the foreground 

is a human in a red jumper, wandering, lost in this environment. In this way, he is merged 

with a device and communicates through networks. 
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Figure 9. Winfield Parks 1974, National Geographic Creative, Hunedoara (Eisenmarkt) Romania. 

 

Here, the following questions arise: How should architects work currently, and how do we 

interface with computers? Rather than still focusing on how to get data into the machines, 

we should be inquiring how the machines could inform us in return. In the future, the way 

that we interface with machines must be optimised to create a constant positive feedback 

loop. This is necessary because the process is currently out of control, as described in the 

introduction in the chapter "The Man-Machine Relationship in the 20th Century". Norbert 

Wiener, a mathematician and regarded as the father of cybernetics, had already identified 

this problem in 1940, stating:  

 

“We have modified our environment so radically that we must now modify our self in order 

to exist in this new environment.” (Wiener, 1954, p. 46). 

 

The integration of computers in our daily lives occurred so rapidly that humans did not have 

time for a long evolutionary process to adapt to these new circumstances. In the past, we 

observed that life is only feasible through the evolutionary process when adjusting to a 



	

	 49 

novel environment. In other words, an environment in which our brains can cope with 

technological adaptations has not been previously encountered.  

Nevertheless, technology continues to evolve. For example, a new Centrifugal Governor is 

the smartphone. The intelligent fusion of technologies bundled in one device and equipped 

with a user-friendly interface, that was introduced in 2007 and enables us real-time control 

and access to all kinds of data, has had the same impact as the Centrifugal Governor by 

James Watt. It also enabled a revolution. This new Centrifugal Governor provides us with 

real-time access to sensors and measures data in cities. The output also embeds feedback-

related processes. The major critique of this reality is that this new device also gives other 

observers access to our behaviour and personal information. What data we request, where 

we live, our names and addresses, who we call, and the patterns of our movements can 

easily be detected. What is novel is just how strong the impact is of this device and its 

consequences. The pertinent question is: Why does everyone accept this as a normal state? 

This question could lead to numerous other studies. Verily, only time will inform us of what 

the outcome will be: 

 

“In the next decade smart machines will enter offices, factories, and homes in numbers we 

have never seen before.” (Davies, Fidler, & Gorbis, 2011, p. 10). 

 

Let us focus now on the benefits of technology regarding “smart cities” and urban planning. 

We can assert that, in 2013, the planning process of urban centers had still not been 

evaluated since the development of the computer (there are only a small number of 

exceptions that show the possibilities of using sensors and computation in real-time related 

to decision-making). Of course, we can argue that modern technologies are speeding-up 

the process through digital data transfer, but it is still the same system. Thus, what kind of 

system will we be interacting with in the future? Which kinds of policies should be applied, 

and how can all architects, researchers, politicians and stakeholders work on one file in 

real-time, while not being based on aesthetic rules, but rather being dependent on 

emission data and human feedback? 

A new paradigm in the process of urbanisation and demands for energy-efficiency is thus 

only possible through dynamic negotiation (participation) and modelling based on actual 
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data. We require novel devices and ideas with short response times that deal with how to 

respond to urban conditions. We need tools and mechanisms that enable dynamic planning 

of the environment through the inclusion of different collaborators and parallel integration 

of concerns regarding energy-efficiency of cities. Cities in which computation (therewith 

AI) and participatory process are brought together through positive feedback loops can be 

called “smart cities”. This is an evolutionary process that increases the quality of life for the 

citizen. However, smart cities are not only based on ICT – although, arguably, the quality of 

the ICT infrastructure is currently the driving force behind all of this. In 2017, there were 

8.4 billion “things” connected to the Internet and this number will reach 20.4 billion in 

2020,24 meaning that we have more devices connected to the Internet than people on the 

planet (approximately 7.44 billion)25. In fact, the “smart citizen” and his or her education 

constitutes the main driver of all of this. A well-educated citizen that engages in 

participative processes is essential for this city. The computation should only assist to 

overcome complexity, and should not generate a Black Box in itself. Indeed, Koch believes 

that: 

 

“We live in a universe of space, time, mass, energy, and consciousness arising out of 

complex systems.” (Koch, 2013). 

 

In conclusion, we should be aware of systems that are based on computation and identify 

the participatory process. In urban planning, the overall goal is to reduce CO2 emissions, to 

increase the quality of life, health and to comply with ethical values. Urban centers have 

the highest population densities, and therefore the highest rates of CO2 emissions and food 

consumption. However, since they also possess the greatest potential to catalyse change, 

it is logical to focus primarily on cities.  

 

Having focused on the history of computation and participation, which is critical if we 

consider smart cities, we now address food and energy. This is exemplified by Klaus 

Schwab, the founder and executive chairman of the World Economic Forum, as a shift in 

                                                
24 Source:  www.gartner.com/newsroom/id/3598917 (accessed 17/10/10). 
25 Source: https://data.worldbank.org/indicator/SP.POP.TOTL (accessed 17/10/10). 
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action in his book “The Fourth Industrial Revolution”. Here, he quotes an article that refers 

to farmers around the globe. Farmers are today using data from seeds, satellites, sensors, 

and tractors to make better decisions about what to grow and when to plant. The new 

technologies are enabling their food freshness to be tracked from “farm to fork”, and 

determine how to adapt to changing climates (Schwab, 2016, p. 145). Therefore today’s 

ecosystems are logically connected with Big Data through using pervasive networks. 

To illustrate this, we present a project that focuses on floating islands as permaculture that 

might constitute a utopic vision to deliver food and energy security. A permaculture system 

is based on agriculture in relation to social design principles as a holistic material cycle, 

which can be seen in Figure 10. In this context we refer with a metabolic system to material 

cycles. Material cycles are driven by living things. Organisms that build organic matter from 

inorganic substances, etc., as an example of how the processes of the environment are 

related. It simulates or directly applies patterns of observed natural ecosystems. 26 

However, we should also be aware that utopian visions are always based on social 

requirements. Indeed, history considered floating islands a thousand years ago that were 

already supplying society with food. Geoffrey M. Hodgson defines utopia as follows: 

 

“The word ‘utopia’ fosters a likelihood of change, and points to an unfulfilled future that 

differs from the present. In general, a utopia is a description of a desired world to come: 

whether or not such prognostications are feasible and whether or not such a desire is shared 

by others.” (Hodgson, 1999, p. 5). 

 

                                                
26 We will refer later in chapter 1.3 to George van Dynes’ Grassland Biome Study and why his study of an ecosystem 

relates to the city. 
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Figure 10. Material cycle of floating permaculture adapted from the project “Floating Permaculture” 09-10 NAI. 

Jaap Bakema Fellowship. Network and system thinking is of importance if we consider today’s cities. 
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It presents the symbiotic relationship of food and energy as an intelligent state of thinking. 

The history of civilisation can be regarded in terms of competition for food and energy, in 

which humans create a distortion in the balance of food and energy chains, taking more 

out of the system than can be sustained (Figure 11). The development of high-yielding 

varieties of different crops after the Second World War, part of the so-called “Green 

Revolution”, has increased food production and helped to reduce world demand. However, 

this was accomplished at a high environmental cost and without reducing the demand for 

energy; in fact, it did quite the opposite. Food production today is accurately depicted in a 

photography by Henrik Spohler (Figure 12). This painting shows the artistic beauty of 

industrialised food production – in this special case, a tomato plantation in the 

Netherlands. We can assume that similar situations exist for all kinds of vegetables globally. 

There is no definite need for location anymore, i.e., the weather is conditioned by programs 

and algorithms to optimize yield. If the location was not specified, this photography could 

just as well be set in China, Spain, or the U.S. 

 

 
Figure 11. “Chinampas”, courtesy of the De Agostini Picture Library, De Agostini; G. Dagli Orti.	
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Figure 12. Tomato plantation in Middenmeer, the Netherlands, 2013; with permission from Henrik Spohler. 

 

 
Figure 13. Google Data Center in Council Bluffs, Iowa. Courtesy of Google 2017. 
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Indeed, an increasing demand for energy constituted a driving force behind offshore oil 

and gas platform development. The same model could be used to satisfy our demand for 

food, using the Metabolist movement that developed in the late 1950s in Japan as a starting 

point. Metabolism in architecture was based on the concept that the built environment 

could become an adaptable and expandable mega-structure, flexibly responding to 

changing needs. Metabolist visions resonated in the work of European architects and 

artists, such as Constant and Yona Friedman, who developed utopias housed in comparable 

mega-structural constructions (Koolhaas & Obrist, 2011). If we link the mood of the tomato 

plantation captured by Henrik Spohler to the image of the Google Data Center in Council 

Bluffs, Iowa (Figures 12 and 13), we see a similarity of the built architecture. Indeed, it is 

nearly the same as the tomato plantation in Middenmeer. Is it that data are required in our 

society to survive and thus are treated in special environments – or do we speak here about 

a data plantation? Food, as data, is today our social basis that keeps humanity alive. The 

physical architecture for both is quite similar in its appearance. 

Most of these mega-structures were concerned with social issues and accommodation. 

Food production was hardly a topic, even though the name of the movement suggested 

otherwise.28  In fact, almost none of the projects were related to energy. Our current 

project thus blurs the boundaries between floating permacultures and inhabitable mega-

structures. However, it brings together the ideas of the Metabolists with a process of 

energy and food production that is based on cybernetics, i.e., a science developed by 

Norbert Wiener in approximately the same period as Metabolism. According to Wiener, 

cybernetics concerns “Cybernetics: Or the control and communication in animal and 

machine”29 (Wiener, 1948) that lays the groundwork for effectively combining ecology and 

technology in a floating permaculture while creating dynamic balances and eliminating 

negative feedback loops. The following figure of a chicken exemplifies the issue (Figure 14). 

 

Each permaculture seeks to combine sustainable energy and agriculture in a closed system. 

Systems in which the feedback has been evaluated and thereby affect the input are closed-

                                                
28 The only project which relates to agriculture is the “Agricultural City” by Kurokawa in 1960. This project relates 

more to the cultural aspect of the rural Japanese village; it focused more on experiencing agriculture as a social element 
than food production for the city itself.  

29 The book „Cybernetics: Or the control and communication in animal and machine” was written by Norbert Wiener 
in 1948 and is the first usage of the term cybernetics in wider public. 



	

	 56 

loop systems. Chapter 1.6 Loop Systems, Colloquy of Mobiles, and the Technobody focus 

on this. The input comes from natural feeders and waste feeders. Natural feeders harvest 

energy from the wind and sun resources, while waste feeders gather input from the sewage 

and biomass resources generated from the mega-structures (Figure 15).  

 

 

 
Figure 14. Control of input and output is essential. A deficit in input creates work; whereas, a deficit in output 

creates pollution.  
 

We can conclude that the utopic mega-structures of the 1960s became real through our 

smart cities, connected through all kinds of networks. Likewise, although today’s 

requirements are dissimilar, it is only through these needs that utopic visions can be born. 

A pertinent question then arises: how we will interface and what will occur to the body-

mind relation – will it remain the same? Because our new Centrifugal Governor connects 

us to a global brain, we must aware of this new technology. Furthermore, the challenges 

that have arisen due to our new sustainable lifestyles are created by global corporations 

and could therefore be solved by them – not only through technology development and 

application, but also by social participation and climate-conscious production.  

In today’s context of the increasing disempowerment of national and city governments, it 

seems inappropriate to refer to governance within the public sector only. It is obvious that 

mind and body form a symbiosis (i.e., governance), and it is not given that if we overcome 

our bodies, we will lose our status as human beings. Stafford Beer addresses this as follows:  
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“…an economy that works like our own bodies. There are nerves extending from the 

governmental brain throughout the country, accepting information continuously. So, this is 

what is called a real-time control system.” (Beer, 1974, p. 43). 

 

 

 
Figure 15. Visualization of the Floating Permaculture. Jaap Bakema Fellowship 2009-2010. NAI. 

 
 

New radical technologies will provide novel possibilities to navigate the disjunctions 

between real and fictional space. Today, man is more fascinated by the concept of dealing 

with the feasible use of modern techniques and how to escape from reality, instead of 
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pondering why and how to adequately use these new extensions of our bodies.30 This 

research thus calls for a new profession in architecture, which might have already been 

proposed indirectly by Cedric Price. We must close the gap between design and social 

needs, inserting novel technologies into the urban boundaries and guiding communication 

through networks, in order to achieve Batty’s view that:  

“Cities are devices that help us to communicate” (Batty, 2013, p. xvii).  

This quote emphasizes the importance of cybernetics and articulates architecture as a 

spatial interface, a continuous negotiating conglomerate of the ephemeral, digital, new 

world and our built, physical, urban environment. Architects should elucidate the secrets 

of Big Data that provide a treasure trove of novel ways of analysing and modelling prior to 

starting to design. This new approach aims to articulate smart understanding as an 

experiment to render possible the wildest amalgamations of our new hybrid environment 

in specific cultural and utopic contexts. 

 

 

 

 

  

                                                
30 The introduction, “In Humanities’ Machine “ is the result of blurring the previous research so far. Parts are adapted 

from the master’s thesis, “Electro Flesh Disorder “, as well as the research titled “Floating Permaculture “ that was funded 
through the Jaap Bakema Fellowship and the Netherlands Architectuur Instituut (which was unfortunately restructured in 
the “Hetnieuweinstituut”). To some extent, this research has been published in several books and newspapers, as well 
presented in certain conferences, such as the “Inselkongress 2014” in Venice organised by the German Architects Chamber 
NRW. 
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PART I – An overview of related case studies.  

 
 

1.1 Introduction to Part I 

The first chapter links different topics of historical computational experiments together, 

and places the CCL and the BrainBox in their historical context. Most of the decisions made 

with the CCL system are based on communication. Thus, this chapter intends to provide a 

brief overview of why the topic of cybernetics is relevant if we consider the CCL, future 

cities, and participation. As cybernetics concerns communication of man and machine and 

vice versa (Wiener, 1948), it is a logical consequence to have knowledge about this science. 

Knowledge is equal to information that is based on data, while data are similar to 

electricity, i.e., it is everywhere and no one thinks about it. Fredmund Malik states that: 

“It was cybernetics and the domain of systemic sciences and informational theory that were 

closely connected with it that have made it possible to conceive the third fundamental 

natural basic size, namely information, at all.” (Malik, 1998, p. 4). 

The connection to and why cybernetics is related to this thesis can be read in Chapter 1.2 

BrainBox and Cybernetics. The CCL with the BrainBox is not a totally new idea. Approaches 

were attempted in the past. One of the most important projects is Synco with Cybersyn, a 

cybernetic project in Chile from 1970 to 1973, in which a virtual network was connected to 

an operations room to create real-time feedback to optimise industry. However, such 

projects were not feasible without a larger team, in which each human being has his or her 

crucial role. To emphasize this, another early cybernetic experiment was taken in 

consideration: The International Biological Program (IBP), or Grassland Biome study 

starting in 1969. The basic idea of the IBP was computerised proof of a stable ecosystem. 

The lead scientist, George van Dyne, died before this was achieved, but it was shown that 

ecosystems are not stable. In addition, we can relate these studies to today’s environment, 

in which we live in an ecosystem that is driven by Big Data. Both projects are described in 

Section 1.3 The Grassland Biome and Cybersyn. The Grassland Biome study attempted to 

model a metabolic network of an ecosystem within a computer, while Cybersyn assumed 

a socialist approach, which was linked to society, economy and production. The modelling 
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of systems also links to permaculture systems, as we referred to in the introduction. 

Today’s aim is to model city systems with a computational environment. This shows why 

knowledge in these fields is necessary. At the same time, there were new movements in 

cybernetics in connection to arts to reduce complexity and to gather information. Chapter 

1.4 Art and Cybernetics / Information and Redundancy is associated with this, as it also 

concerns the general perception of the city and space to human beings. A pertinent 

reference is a talk given Abraham A. Moles at the Art and Cybernetic (Kunst und Kybernetik) 

conference in Recklinghausen in 1965 (Moles, 1968) and a newer project from Kael Greco 

“Seeing the City through Data / Seeing Data through the City” (Greco, 2014) that was 

developed at the Senseable City Laboratory at the Massachusetts Institute for Technology. 

From a broader perspective, Charles and Ray Eames also referred to the concept with their 

project “The Powers of Ten” in 1977. Chapter 1.5 Team and Syntegrity describes how to 

set-up teams with the logic of syntegrity. A system adapted by Stafford Beer from 

Buckminster Fuller was used to create teams with various topics in a synergetic way. The 

idea of syntegrity links to the observation of a system in all of its context and the roles of 

participant and observer. The word syntegrity derives from the consolidation of the two 

terms “synergistic” and “tensegrity”. Syntegrity is based on a geometric form, the 

icosahedral structure, an idea in which each node of a structure connects to five other 

nodes; a structural system utilized by Buckminster Fuller for his geodesic structures. 

Chapter 1.6 Loop Systems, Colloquy of Mobiles and The Technobody refers to open and 

closed looped systems and why they are critical in connection to cities. It also refers to 

Robert Boguslaw’s view of the environment, as well as to his publication “The New 

Utopians” (Boguslaw, 1965). This is exemplified by two case studies, The Colloquy of 

Mobiles and The Technobody. Finally, Chapter 1.7, Tame, Complex and Wicked Problems 

examines a paper published by Horst W. J. Rittel and Melvin M. Webber entitled “Dilemmas 

in General Theory of Planning” published in 1973 (Rittel & Webber, 1973). It constitutes an 

elemental text regarding cybernetics and sciences. The term “wicked” proposes that each 

solution creates new problems in the field of soft science, and that such wicked problems 

can only be tackled by design for a better future. 

 



	

	 61 

1.2 BrainBox and Cybernetics 

 

1.2.1 Terminology 

 
Communication – the act of transferring data from A to B and vice versa if the data are clear 

in their meaning and a conversation is occurring.  

Cyberspace – the virtual world, seen as cybernetic space. Cyberspace is made accessible 

through interfaces. 

Data – the set of values perceived from the environment that turns into a commodity after 

being analysed. This commodity is termed information. 

Device – a tool, mechanism or organism that continually transforms meta- and cyber-space, 

and thereby influences human or non-human perception. Cities can be regarded as devices. 

Feed-forward – the next action after feedback. Analysed information leads to the next 

action that is then called “feed-forward”. 

Feedback – the response of information from the receiver. Ideally, this is always positive. 

Negative feedback requires action. In this thesis, negative feedback acts as a necessary 

evolutionary event. 

Knowledge – the basic perception of a given topic that enables communication. Knowledge 

differs from understanding. 

Meta-space – the physical environment in which humans live as ordinary transcending 

physical space. Awareness of meta-space is needed to become conscious. 

Operations Center – the physical location that blurs the boundaries of meta- and cyber-

space. Data are monitored and made accessible to real-time feedback that optimises the 

process of human decisions. Computational processes are used to reduce complexity and 

to speed-up decision processes. 

Reality Index – the container in which real-time data are monitored and visualised to make 

better decisions. It is currently utilized in traffic forecasts, but can also be used for any 

needs that should be analysed in the city for which real-time data are required. 
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1.2.2 BrainBox and Cybernetics 

 

Michael Batty, a professor of planning at the University College of London and author of 

“The New Science of Cities” has stated that urban centers can be understood as devices 

that assist us to communicate (Batty, 2013, p. xvii). If we view cities as devices, we must 

also clarify what a device is. Del Signore, an architect and urban planner who concentrates 

on the relationship between urban space, social practices and information technologies as 

a mode to test how we collectively produce future urban scenarios,31 explains that a device 

performs, informs, and continually transforms the environment and the perceptions of its 

user or observer. In addition, she notes that devices manipulate data by seeking 

performative spatial relationships (Del Signore, 2011, p. 130). From this definition, we can 

conclude that the city is a device. A device can be understood as a specific architectural 

configuration. The organisational structure of devices is embedded in architecture or urban 

spaces that intertwines programmes in such a way that they endow them with dynamic 

properties. Further devices as prototypes are transforming matter; they are machines of 

mutation, as written by Raoul Bunschoten in his book “Public Spaces” (Bunschoten, 2002, 

p. 5). In addition, prototypes are also somehow linked to participatory activities. If we 

discuss participation, it is thus obvious that we should develop an understanding of 

cybernetics. Cybernetics concerns “control and communication in animal and machine”, as 

Wiener describes in his book “The Human Use of Human Beings” (Wiener, 1954). It is “the 

science of effective organisation” and the “art and science of manipulating defensible 

metaphors”, as described by Stafford Beer and Gordon Pask (Wallis, 2010, p. XVI). 

Townsend dedicates an entire chapter to cybernetics in his publication “Smart Cities – Big 

Data, Civic Hackers, and the Quest for a New Utopia” labelled “Cybernetic Redux” 

(Townsend, 2014, p. 57). In this chapter, he refers to the role of IBM and the Rio Operations 

Centre. He describes how a tool that was initially intended to predict rain and to manage 

flood response has morphed into a high-precision control panel for the entire city of Rio de 

Janeiro (Townsend, 2014, p. 67). Therefore, it transformed into a complex tool, based on 

feedback and is only accessible for specialists. This quote is of interest in the following 

                                                
31 Source:  http://taylor.tulane.edu/people/marcella-del-signore (accessed 17/10/10). 
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chapter – 1.3 The Grassland Biome and Cybersyn. However, let us first elaborate on what 

cybernetics is and how it is to be regarded in this context. 

The term cybernetics comes from the Greek word kubernetes, which means steersman (W. 

R. Ashby in Wallis, 2010, p. xvi). The science works by setting errors in the frame of 

evaluation and time. Cybernetics has some lessons to offer that can be instructive. The first 

is feedback, which explains that any result from an action has a consequence. Specifically, 

the output is in a positive way called knowledge that should then be the input for the next 

action that is called feed-forward. This leads to a circular process that is seen as 

communication. The significance is that, with this science, complexity can be modelled 

through circular causality, and therefore be represented and simulated. In this work, this 

process should ideally occur within the CCL and the BrainBox, a space in which 

communication will occur by human and machine to improve sustainable processes within 

a city. In addition, this circular process will act as knowledge transfer. The BrainBox 

concerns the processing of the language of data. As such, it is important to understand that 

this circular process (feedback) can be regulated and guided so that it can yield better 

results. Indeed, data can be optimised by sensors that lead to an accurate answer. 

For example, if a driver uses a navigation system in his or her automobile and looks for the 

fastest way to travel from point A to B, it might not be the shortest according to distance. 

If sensors are detecting a traffic jam due to certain conditions, e.g., construction, etc., the 

navigation system might steer the automobile around it if the driver accepts the output of 

the system. Thus, the trip might be longer, but less time-consuming. Indeed, in ancient 

times, ships were ideally navigated around storms due to weather forecasts by reading the 

clouds. Sensors are thus replacing the old systems.  

The basic process was already described by Iwainsky in “Populäre Kybernetik: Dynamische 

Optimierung” in 1984 (Iwainsky, 1984) . This process of actions is presented in his chapter 

“Decision Support for Drivers”, as illustrated in Figure 16. As this process concerns 

observing a system with feedback, this process is called “first-order cybernetics”. This 

relates only to the decision support system because, if we bring in a human who might 
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influence the system by his or her own feedback, and if this human is aware of his or her 

context and where he or she is driving, then we speak about second-order cybernetics.  

McHale defined the relation to cybernetic systems within a global scale in 1969 as follows: 

“At the global level, as in man’s natural symbiotic relations with plants and animals, his 

relationship to cybernetic systems has been subtly changing toward a more closely woven 

organic interdependency resembling his other ecological ties.” (McHale, 1969, p. 123). 

 

 

Figure 16. Re-drawn from "Populäre Kybernetik: Dynamische Optimierung" with permission from Prof. Dr. 
Iwainsky. The picture shows the basic process of optimization where the system selects the optimized route. 

His association to other ecological ties constitute links to communication between human 

and machine. The core idea of McHale’s book is probably that futuristic thinking is not 

about assuming what might occur in the future; instead, it concerns which choices must be 

made now if we want to have a positive future in the next decades. For him, the future 

constitutes a direct product of the present. Contemporary decision-makers must 

consciously reject traditional thought patterns in order to conceptualize the entire array of 

possible futures before us (Abler, 1970). He refers later to the possibilities of satellite 
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communications and the control of these systems. As an example, he presents an image of 

satellites controlling systems in relation to time (Figure 17). Here, it does not yet link to 

automobiles, but rather to ships and how data are computed to position movement on the 

planet.  

 

Figure 17. Navigation satellite system. U.S. National Council on Marine Resources and Engineering 
Development. (McHale, 1969, p. 41). 

Bearing in mind that the image is from 1969, it was simply a matter of time until this was 

linked to automobiles and humans. Deane Alan Simpson and Joerg Stollman pursue this 

idea in an article entitled “Leisure Nomads, Down, Agers and Escapes: Nomadic Network 

Urbanism of the Senior Recreational Vehicle Community” (Simpson & Stollman, 2007, p. 

36). The use of satellite systems to enable communication creates a highly decentralised 

network urbanism. This is feasible through mobile recreational vehicles (RV) that create a 

high degree of flexibility, as modern phones do. The roads are used as the infrastructure of 

the meta-space, blurred with satellites as communication distributors for cyberspace. The 

automobile then becomes the extension of the body and communicates in real-time with 

satellites to optimise its goal with compliance of the human driver. The RV is not only a 

mobile home, it also functions as a mobile computer. This is visualized in Figure 18. 
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Figure 18. Physical and non-physical network with generous permission from Deane Simpson. 

 



	

	 67 

The interesting part today occurs when the previously mentioned systems are combined 

with AI and autonomous driving. This can be described in the context of a company named 

Uber and prediction about how the future might evolve. When Uber launched its new 

transportation service, it constituted an immediate threat to cabs and taxi companies. Uber 

was not only cheaper, but they created a young and positive image of the company to be 

better accepted in the market.  

We should admit that with Uber, jobs within this market were generated and more easily 

accessible. Within months of its beginning, Uber grew to be the largest taxi company in the 

world with an enormous database of clients – while not actually owning automobiles. 

Everyone with a driver’s license, an automobile, and a mobile phone could download the 

app and become a self-employed driver. Well, this seems fantastic – but what will occur if 

autonomous driving becomes common reality? Uber would no longer have a need for 

drivers, and all automobiles would be replaced by autonomous automobiles and combined 

with the app. The database and the way that people use this service would then replace 

the former transportation system and erase existing jobs. In connection to this, Uber has 

launched an innovative service called “Movement”.33 Here, all Uber automobiles send real-

time data by their sensors regarding traffic movement to a central software. This software 

enables new traffic planning to make traffic jams redundant. Essentially, this means that 

automobiles are sending their real-time data to traffic lights that then react to specific 

conditions. Vehicles of a higher order, such as an ambulance, could generate a green light 

on the way to the hospital through their data. Such real-time analysis makes the city more 

efficient. Such clusters of real-time data are called a “reality index”. A reality index could 

also map weather data through the use of sensors in automobiles, planes, mobile phones, 

etc., and are thus probably more accurate than any known weather forecast. The same 

approach is used to guide traffic flows within cities to analyse the moods of citizens by 

control of the voice, etc. (Figure 19). The reality index is a powerful way of the future to 

measure cities and to make them more efficient, as well as to respond more rapidly to 

certain needs. 

                                                
33 Cf. Uber.movement.com. 
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Figure 19. Screenshot from Uber Movement introduction movie. Vehicles sensing real-time data for a reality 
index. Source: Uber.com (accessed 17/01/06). 

While writing this chapter, the latest news is that autonomous driving is no longer cutting-

edge technology. The novel concept is now automobiles with an AI that can remember and 

react. For the “Q7 deep learning concept” (Stockburger, 2017),34 the companies Audi and 

NVIDEA are combining their knowledge to create a technology that will change the future 

of transportation. The core of the AI concept is a deep neural network which has been 

specifically trained for autonomous driving and the recognition of dynamic traffic control 

signals. Today, automobiles are programmed, but in the near future they will learn how to 

adapt to their environment. Knowledge gained by this adaptation process is then shared 

within a cloud with other automobiles to optimize such a system on a higher level and to 

ensure that feedback is disseminated. However, we should note that all developed 

autonomous driving technologies are based on pervasive network technologies. Thus, 

philosophically, these automobiles are not actually autonomous, and thus autonomous 

driving might be an inaccurate term. However, this is a prediction about the future of 

                                                
34  Source: www.spiegel.de/auto/aktuell/ces-2017-audi-und-nvidia-entwickeln-selbst-lernendes-auto-a-

1128658.html (accessed 17/01/05). 
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transportation. Let us now focus more on the relationship between cybernetics and the 

city, and the meaning of feedback. 

Early cybernetic researchers realised that a difference exists in observed systems and the 

being that is observing the system. The first-order is represented by the observer of the 

model, i.e., he or she is the observer of the system. However, second-order cybernetics 

constitutes the investigation of models of cybernetic systems. It is the investigation of 

cybernetic systems with the awareness that the investigator is part of the system. This is 

only possible if we are conscious, i.e., a reason why “Conscious City” is often a better term 

for “smart city”. However, being self-aware raises another issue noted by Ashby: What is 

the mind? (Ashby, 1961) This is indeed a deep and interesting topic that is not further 

elaborated on here, but is associated with the second-order of cybernetics and the 

integration of humans as a central element of communication (von Foerster, 1995).  

In this regard, people frequently refer to new and old cybernetics.35  The old is often 

presented by the works of Wiener and his colleagues, who were clearly dealing with 

communication between man and machine. 

The new relates communication more to biological systems and organisms. If we consider 

the mind, we thus deal with second-order cybernetics. The brain is an organ that is part of 

an organism that is again a biological system. Metaphorically, we could view the city as an 

organism, but the term “device” describes it better. These two versions are visualized in 

Figure 20. 

Nevertheless, it might be misleading to consider old and new cybernetics. Within the 

framework of this thesis, we refer therefore only to first- and second-order cybernetics 

(SOC). The cybernetics of a third-order is not being addressed, as it is ineffective. Mainly, 

all arguments are based on SOC in the view of Heinz von Foerster and the belief in radical 

constructivism, as formulated by Ernst von Glasersfeld and Ranulph Glanville.  

                                                
35 Cf. The definition of old and new cybernetics was coined by Gordon Pask. 
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Figure 20. Old and new cybernetics and the relationship of feedback. In general, we will refer to first- and 
second-order cybernetics. 

As in the first chapter, in which we quote Eisenman on digitalisation and the concept of the 

Black Box, we realise that it is not feasible to totally elucidate36 the digital world. The 

following quote by Glanville on second-order cybernetics emphasizes the participation of 

the citizen within the interactive environment of the CCL and his or her involvement in 

cybernetic systems: 

“What is vital, for the development of second-order cybernetics is that the Black Box is 

essentially and crucially a construct of the observer. When we use this concept, we bring 

the observer in the process, rather than denying him. That the Black Box requires the 

observer’s presence is acknowledged, and is circularly connected in. The observer watches 

and changes. What the observer learns he learns from interaction with the Black Box (that 

is his construct).” (Glanville, 2003, p. 3). 

                                                
36 According to the difference of understanding and knowing, as proclaimed by David Deutsch. 
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The CCL combines the first- and second-orders of cybernetics, which is accomplished in two 

ways. First, the observer him or herself constructs and programmes the CCL. The 

programme is the urban gallery (UG),37 a didactic tool developed by Prof. Raoul Bunschoten 

and his team at the Architectural Association and London Metropolitan University to 

overcome the complexity of a city. The second is the observer in this system that the 

observer uses as an extension of his or her organism. The observer observes and 

investigates the local system. The view of this installation created through the language of 

the object is then provided to observers, who create their own understanding of this 

installation. In this situation, comprehension of the system is more important than knowing 

about it. The surrender of control in each system creates variety38  and creativity. Dr. 

Michael Häupl, the major of Vienna, states that: “…variety is one of the city’s leading 

characteristics and driving force behind a vital, modern metropolis.” (Haeupl, 2014). Therefore, is 

variety critical for the urban centers of the future? The object controls itself through its 

electric circuits, acting as a Black Box created by the observers. It proclaims that the 

observer is his or her own ultimate object, his or her own Black Box.39 Here, the CCL 

functions as a device which blends cyberspace with meta-world by using a stage that 

functions as an interface. This is not only interesting, as this is mentioned by John 

Naughton, an academic, journalist and author, in his essay about the Internet as a failed 

state, but it also relates to an early pioneering architect and urban planner named 

Constantinos A. Doxiadis. He exemplified the transition of cities already existing in the 

1970s in his book “Architecture in Transition”. Doxiadis describes the city of the past as 

static, while the city of the future has “to expand parabolically” (Doxiadis, 1964, p. 102). 

The following two images of this concept demonstrate how important the overlapping 

circles are, i.e., they present the idea of new cybernetics that constitutes the feedback of 

the citizen (Figure 21).  

                                                
37 The Urban Gallery was created by Prof. Raoul Bunschoten as a didactic tool. Detailed information can be found in 

the Urban Gallery reader by Dr. Tomaz Pipan at the Institute at the Technical University Berlin. 
38 Cf. W.R. Ashby – Law of Requisite Variety. 
39 The chapter, “BrainBox and Cybernetics” is adapted from the “Introduction to Cybernetics” in my master’s thesis 

of 2007, University College London, The Bartlett, p. 18. Certain information was taken from a booklet of a workshop at 
the London Metropolitan University 2010 that has not yet been published by Prof. Raoul Bunschoten and Dr. Tomaz Pipan, 
called “Cybernetic Workshop – Performing Energy Conscious Prototypes”. 
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Figure 21. The Static City and the Dynapolis - re-drawn from Doxiadis – Architecture in Transition p.102. 

While Doxiadis at the time of the publication of the book probably thought of the physical 

expansion of the city, the reality is that the diagram can now easily be adapted to the 

cyberspace that surrounds it. Prof. John Peponis from the Georgia Institute of Technology 

frames this as follows:  

“For Doxiadis, time is important not merely as an aspect of the experience of architecture, 

but also in terms of the flexibility and adaptability of buildings in response to change.” 

(Peponis, 2000, p. 2). 

In addition, we can also link Figure 21 to the view of radical constructivism. If we imagine 

the center as ourselves, what we are and where we think is expanded through our reality. 

This overlaps with what we experience, and this new knowledge grows and merges with 

the past, present, and future. However, as the center of a city expands, it is also our 

knowledge and therewith our reality that are expanding, as observed under normal human 

conditions. This expansion is the cyber- and meta-space that we are referring to and can 

be optimized by algorithms, which was not possible in such a way 10 years ago. Thus, while 

Doxiadis is thinking about the adaptability of cities in response to change, it is also our 

reality that always needs to adapt. As Paul Watzlawick states that we cannot not 

communicate, it is also like time that is always proceeding and influencing our reality 

(Watzlawick, 2018). However, we may be making a general mistake in thinking that we 

have enough time. 
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1.2.3 Summary 

 
Urban centers are, in general, complex systems. To understand such a system, a holistic 

approach to managing is required. Therefore, knowledge of the science of the sciences 

(cybernetics) is needed. Cybernetics might be, for some people, an antiquated science from 

the Cold War. However, in today’s context, it demonstrates the importance of the science, 

as well as the process that it has performed in the last decades. To grapple with complexity, 

it might be easier to view the city as a device. Although devices are simpler to understand, 

we should not forget in this context that it is nearly impossible today to understand the 

entire complexity of cities. This perspective leads to an understandable starting point. The 

outcome is that today, many cities have control rooms, operational rooms to manage 

traffic flows or electricity, or tools in the form of software based on algorithms to manage 

urban centers, even if most of them are not accessible to citizens. One of the most 

advanced control rooms or operation rooms to guide a city in 2016 is the Rio Operations 

Centre (Figure 28). However, if citizens have access to Operation Centers, they will act 

within a Black Box, as the interfaces are too complex to understand. It is like a space station 

that has many specific scientists, each of whom has his or her primary task. In fact, they 

may have no idea how all of the algorithms work together.  Automobiles and smartphones 

can be understood as small operation rooms, and therefore the intelligence of these need 

to be improved as well as the interfaces, so that the citizen understands the specific 

feedback and has more options available to participate in a positive manner. In addition, 

we can learn from Doxiadis that cities cannot be static systems and that urban centers 

expand in physical, as well as virtual, ways. When discussing cybernetics, it is important to 

speak of second-order cybernetics in relation to cities, as humans are always part of the 

system. Specifically, they must be integrated to make future cities more liveable. The 

availability of control and measurement mechanisms through operational rooms and our 

mobile devices are requisite in order to create a CCL. 

 

To exemplify the study of systems and operation rooms, we elaborate further on this in the 

next chapter with two concrete case studies: The Grassland Biome and Cybersyn. Both 

constitute exemplary prototypes for systematic research in relation to data and 

computation.  
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1.3 The Grassland Biome and Cybersyn  

 

1.3.1 Terminology 

 
Code – the DNA of software. It is a set of programmed instructions that allows controlled 

devices to make decisions. 

Data Mining – a systematic approach to analyse data to discover information that leads to 

knowledge.  

Decision-making – a cognitive process based on personal conclusions from feedback. 

Normally, decisions are final; in this thesis, they are part of communication assisted by 

computation. Decisions are elements of non-linear feedback loops that lead to policies. 

Ecosystem – an interactive system of living and non-living components. It is also based on 

meta-, as well as cyber-space. It can include both organisms and AI. 

Integrator – a system or person for which the output is an integral part of the input. These 

are currently human beings, but in the near future it may also be feasible to be AI. 

Metabolism – describes circular processes within living entities, but also in a digital world 

to ensure that data are transferred and analysed. Traditionally, metabolic systems rely on 

chemical processes; in this thesis, they adapt the technological processes in relation to 

being. The body becomes extended by technology. 

Non-linear System – non-linear systems are defined as systems in which the output is not 

proportional to the input. In our context, these decisions are not always final, especially in 

the context of politics and planning. As an example, we could identify disruptive 

technologies which make certain decisions obsolete. 

Sensor – a device that generates data / feedback. Some sensors are easily readable, such 

as an old thermograph. Here, the data are physically translated by the behaviour of the 

material. New sensors deliver data that should be encrypted through code to generate 

information. 

Simulation – imitation of processes within meta- and cyber-space to test decisions or to 

engage new views without being in the political process of embedding policies in reality. 

Fast feedback is possible, and allows to guide the process in a non-linear manner. 
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1.3.2 The Grassland Biome and Cybersyn  

 

“Politicians frequently ask for application of the “system approach” to pressing problems, 

such as air and water pollution, traffic congestion, urban blight, juvenile delinquency and 

organized crime, city planning, etc., designating this a revolutionary new concept” 

 (von Bertalanffy, 2013, p. 4). 

 

This chapter provides an overview of two projects which, at the time, were milestones in 

the fields of system theory and applied technologies. We can assume that both were 

created because of the possibilities of computation methods at the time. As Bertalanffy 

notes, quoting Wolfe, Carter and Boffey, one can see how politicians at that time were 

thinking. The realisation of such a system in cooperation with a city took nearly 40 years. 

We can assert that here lays the foundation of the IBM command center in Rio de Janeiro, 

realised in 2014. In addition, both projects focused on the importance of multidisciplinary 

research teams that must also be reflected in the CCL (see Figure 50) if we consider the 

creation of code and the decision-making process.  

 

The International Biological Program / Grassland Biome (van Dyne G. M., 1969) & (van Dyne 

G. M., 1971)functions as a prototype for the task to computerise and simulate a complex 

ecosystem (Figures 22 and 23), i.e., it is more the approach instead of the outcome that 

connects this project to the CCL. The humans who collated the data for the study are now 

replaced in urban centers by sensors. The computerised ecosystem of George van Dyne can 

be understood as a simplified system which symbolises the complexity of different 

metabolistic datasets if the aim is to guide a city. 
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Figure 22. Simplified flow chart outlining the development and use of a simulation model for natural resource 

management and system mode of statistics, optimisation, and simulation (van Dyne, 1969). 
 
The ecologist George van Dyne was fascinated by ecosystems and asserted that an 

ecosystem constitutes a self-balancing system. He asserted that, whenever an ecosystem 

is disturbed, it will return to its original state through self-regulating feedback loops. Van 

Dyne wanted to show with the Grassland Biome Study how feedback worked within nature 

and to convince us that stability is obtained within an ecosystem.  

George van Dyne believed that: 

 

“In a systems analysis of grasslands, we seek an optimal course of action, e-g. in 

management, by systematically examining the objectivities, costs, effectiveness, and risk of 

alternative management strategies – we may design additional management strategies if 

these examined are found to be inadequate.” (van Dyne, 1973, p. 21). 

 

 

 



	

	 77 

To prove this theory, van Dyne was obsessed with computation of grasslands as an entire 

ecosystem and the creation of virtual grassland, capturing nature in a computer. Officially, 

the project was administered by Colorado State University as “Analysis of Structure, 

Function, and Utilisation of Grassland Ecosystems”. Van Dyne had numerous employees 

who assisted with the data mining. This meant, for example, following a cow throughout 

the day and noting what it ate and drank, down to each blade of grass and flower, as well 

as recording the cow’s excrement. 

 

The result of the experiment was that no stable underlying pattern emerged. van Dyne 

concluded that this result was based on missing data, and therefore he entered an 

increasing amount of data in the system: 

 

“…the problem is that everyone is so busy with his other jobs – even these of us who spend 

our time coordinating the program – that there are not enough people to sit down and 

begin piecing all of the data together. So now we have identified some new roles – these of 

integrators.” (van Dyne, 1971, p. 8). 

 

This is indeed an interesting quote by van Dyne, for if we relate it to today, these processes 

could be replaced by sensors and algorithms which would not be disturbed by personal 

issues. Nevertheless, even with the use of sensors today, the integrator would still play an 

essential role. Indeed, predicting an outcome is now driving Internet-based companies. For 

Pariser: 

 

“The key to relevance, the solution to sorting through the mass of data on the Web was … 

more data.” (Pariser, 2012, p. 32). 

 

However, only time will determine whether this process of collecting more data will help 

produce a more accurate answer. 
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van Dyne created, in his IBP, a chaotic model of nature within his computer (Curtis, 2011). 

Figure 24 presents a broader view of the computation room for IBP with the computer CDC 

6400 in 1972. His death in 1981 terminated the Grassland Biome Study and signified the 

end of system theory within ecology. 

 

The real outcome of van Dyne’s Grassland Biome Study was early computerised proof that 

balance in nature is an illusion. In addition, after the long-term results of the IBP efforts, it 

was seen that all senior scientists must be their own integrators40 to a great extent.41 

 

 
Figure 23. Redrawn diagram of the generalised grassland ecosystem, showing flows of biomass, energy, and 

nutrients (van Dyne, Analysis of Structure, Function, and Utilisation of Grassland Ecosystems Volume 2, 1973). 
 
 

                                                
40   An integrator can be described as a person whose output is integral to the input. In computation, it is an essential 

part of data processing circuits. 
41 Coleman, David; Decomposer integrator of the International Biological Programme (IBP), personal communication 

(17/04/07). 
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Figure 24. Wider view of the CDC 6400 for the IBP, ca. 1972 at CSU. Photo courtesy of Dave Swift, with 

generous permission from Prof. David C. Coleman. 
 

 
Figure 25. Cybersyn 1970-173; with generous permission from Gui Bonsiepe (Bonsiepe, 2009). 
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Figure 26. Control room BEV 1963. Photographer: Rudi Angenendt with generous permission from the 

Historisches Konzernarchiv RWE. 
  

 

 
 

Figure 27. Control room Typ D42, Nuclear Power Station Phillipsburg II, Simulation Center Essen, North Rhine-
Westphalia 2011. Photographer: Thorsten Klapsch. 
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Figure 28. IBM Rio Operations Center 2014. Courtesy of The Guardian. Photographer: David Levene. 

 

 
Figure 29. Workspace of the future. In future human might interact in new ways. Screens as we know and typical 

input devices, will disappear. It is a new form of man-machine relation. 
 
 

van Dyne also expressed his political ideas, and how his research may be used and 

developed as a tool if it was successful in the following: 

 

“Land managers who make policy decisions are similarly trained in ‘successional ecology’, 

the concept that certain predictable sequences of plant and animal species will predominate 

following a disturbance of the system” (van Dyne, 1971). 
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As mentioned in the beginning of this chapter, Bertalanffy noted that there was a desire by 

politicians for such a control system, a dream of computerised assistance to guide the city 

based on data. How such control rooms look like is shown in Figures 25, 26, 27, 28 and as 

futuristic version in figure 29. But looking back to the time of the IBP, a strong desire and 

conducive circumstances led to the Cybersyn project (Figure 25) that was administered by 

two socialists, Salvador Allende and Stafford Beer. 

 

The Cybersyn project was one of the first, if not the first, decision support system. 

Furthermore, it was a rare project that combined social responsibility, novel technologies, 

and design (Bonsiepe, 2009). The common English name was Cybersyn, while it was called 

Synco in Spanish. Actually, Cybersyn referred to a computer system that was connected to 

a network of telex and radio connections, termed “Cybernet” (Pias, 2007). The project was 

realised under the Chilean President, Salvador Allende, in 1971-1973. The main architect 

of Cybersyn was British cybernetician Stafford Beer, and the interface and information 

designer was Gui Bonsiepe, who taught at the renowned HFG Ulm and was responsible for 

the design and interface of Synco. Having Stafford Beer as a lead scientist on the project 

probably relates to his book “Decision and Control – The meaning of Operational Research 

and Management Cybernetics” published in 1966 (Beer, Decision and Control – The 

meaning of Operational Research and Management Cybernetics, 1966). In this book, Beer 

describes cybernetic systems to analyse inventory systems in order to reach optimal 

decisions and to handle large complex and hazardous situations that might arise in industry, 

government, and business environments. Keywords of the projects are dataflow, 

information, feedback, modelling, simulation, and communication (Bonsiepe, 2009):42 

 

“It was a system designed to help the state regulate the nationalized economy and raise 

production without unemployment.” (Medina, 2011, p. 211). 

 

From today's perspective, Eden Mednina’s quote is of great interest as a UBI is currently 

under discussion to minimize the impact of digitization on job losses. Cybersyn, on the 

                                                
42 These keywords for a project in 1973 demonstrates further the actual link to today’s Big Data debate and IoT. 
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other hand, was supposed to make the economy more productive and secure jobs at the 

same time. 

 

The project’s aim was to create a physical location, i.e., the operating room, in which 

economic information was received, stored, and computed for further decision-making. 

This room constituted the navigation center of Cybersyn. The system was heavily based on 

feedback loops. An astonishing result was the editing of the received complex data in a 

simple but comprehensive manner to which operators had access, and thus decisions could 

be made within seconds. Critical information that was received from factories disseminated 

across the country was helpfully summarised with up and down arrows incorporated into 

seats which related to the cutting-edge design language at that time that originated in the 

Tulip Chair by Saarinen. However, the applied version here is far more advanced and, even 

from today’s perspective, nearly unique. The operation room had seven chairs in total, 

which relates to a paper by George A. Miller with the title “The Magical Number Seven” 

(Miller, 1955). Essentially, it asserts that humans are in the position to remember seven 

plus or minus two “chunks” of information in short-term working memory. Thus, Stafford 

Beer chose seven seats to manage the incoming data and to make decisions in a 

participative way. Even at this time, the received data were in real-time. Owing to the lack 

of financial support, the screens in the operating room were physical sketch boards 

updated by four assistants. The theory was developed, as was the design for the 

information. However, the real-time computed process lacked requisite technology and 

funding. The floorplan of Cybersyn can be seen in Figure 30. 
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Figure 30. Floorplan of the operation room with seven chairs, re-drawn and with permission from Gui Bonsiepe. 

 
One screen in the operating room was dedicated to Cyberfolk. It displayed, for example, 

the mood of the citizen. This aspect of the project is interesting if we reflect on modern 

citizen protests regarding certain political decisions. Here, the concept was already present 

and with it, the way to use positive feedback to guide against or for an idea. The Cyberfolk 

received data from households equipped with sensors that had to be manually entered. Of 

course, we should be aware that today, these data are not safe data because people could 

be forced to provide certain answers or the system could even be hacked. 

 

Cybersyn ended after three years on 11 September 1973, as Allende’s regime was 

overthrown. Pinochet did not need real-time centralised planning or to monitor the moods 

of citizens. However, Beer had already noted the importance of this project, stating that: 

 

“…information is a national resource” (Beer in Morozov, 2014). 
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With this estimation, Beer was ahead of his time, examining the actual context and 

ownership of data, as well as the open data policies of certain cities.43 Here, we have to 

agree with Morozov regarding his question about the means of data production that 

cannot be reduced to its technological dimensions. 

 

Both projects, the Grassland Biome Study and Cybersyn (Synco), followed the ideal that 

systems can balance and stabilise themselves with or without intervention of authorial 

power. Currently, we understand that this is a dream for machines and does not apply to 

nature. This is especially the case for the Grassland Biome Study because Synco failed in its 

political context. Synco now acts for the development of the Big Data debate as an example 

for a proto-Internet. The project was far more developed in its theoretical foundations than 

in its application, owing to a lack of technology and its peripheral location in Chile.44  

 

Both projects failed in their respective fields, but were pioneering as experiments to 

elucidate complex systems and real-time computation of data. 

 

 
Figure 31. Beer with permission from Constantin Malik. Re-drawn from Cybernetic Revolutionaries by Medina, 

p.200.	

                                                
43 See: Interview Dr. Michael Häupl, Major and Governor of Vienna. Vienna introduced in 2011 the Open Government 

Initiative, in which 223 data sets were freely available for citizens and companies. 
44 Information regarding Synco and its theoretical foundations relates to personal communication with the interface 

designer, Gui Bonsiepe, in March 2016 and onwards. Also relevant is the essay by Gui Bonsiepe, “Der Opsroom – zum 
Eigensinn der Peripherie “. 



	

	 86 

Figure 31 illustrates the homeostatic relationship of data and their exploited sources. It is 

critical to understand that exploitation in computer science simply means gathering 

information. Indeed:  

 

“Exploitation is often negatively termed…meaning in computer science: Gathering 

Information.” (Christian & Griffiths, 2016, p. 32). 

 

If this links to operating centers (OCs) for the city, it raises the following question: Where 

can decisions be made and by whom? It is important to create a team that has expertise in 

a broad field with a generalist architect. All decisions must be based on accurate data, and 

the real-time process is a process that speeds-up the decision support tool. 

 

However, in urban planning, we should be cautious when making decisions in seconds, i.e., 

this is only required in emergency. Urban planning constitutes a long-term process, in 

which such an OC should be seen as a physical location in which planners from all fields 

meet and discuss their concepts based on data and their knowledge. Although the outcome 

can be visualised within seconds for further discussions, the real result requires further 

processing. In addition, it should be established as a non-linear system that records its own 

history and if circumstances change.45 

 

                                                
45 Useful sources about Cybersyn include an article entitled “The Planning Machine” (Morozov, 2014), as well as the 

book Cybernetic Revolutionaries (Medina, 2011). Most information is based on these sources. In addition, Medina 
describes the character of Beer quite well that is interesting to read. The Grassland Project is also well documented in the 
BBC three-part series “All Watched over by Machines of Loving Grace“ from 2011. The Webpage IMDb describes it as: “A 
series of films about how humans were colonized by the machines we have built. Although we do not realize it, the way 
we see everything in the world today is through the eyes of the computers.” 
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Figure 32. Bombardment of the "Palacio de la Moneda", the location of Cybersyn on the 11th September of 

1973. Screenshot from a YouTube Video; original source unknown. 
 

1.3.3 Summary 

 
Both projects occurred at a time in which computation was in its infancy. Currently, 

computers are ubiquitously accessible, and the ones in our pockets are more powerful than 

the ones used in the shown case studies. What has not changed is the way that we must 

think to organise teams to cope with complexity and to analyse data. This does not occur 

automatically, i.e., codes and algorithms must be written, the source of data needs to be 

set, etc. Firstly, we can learn from these projects that the organisation and approach are 

based on researchers who regard themselves as integrators. Secondly, we must establish 

trust in data and communication between the integrators themselves. The decisions made 

by integrators should be within a non-linear system, and should be supported by 

computation. Then, a physical space is required to create communication and to use this 

space for decision processes. Final decisions could lead to policies if they support well-being 

in a broader sense. Such decisions have to be aligned with ethical goals and should support 

well-being in cities. They must be discussed by humans, in which computation only speeds-
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up the process. AI can assist if the AI is controlled, either by humans or by codes that cannot 

be manipulated by the AI, as for e.g. the moral code of an friendly AI, and needs to be 

written by humans. If humans even can programm a friendly AI, this is another ethical 

discussion. Nevertheless, the AI can suggest codes. 

 

To ensure that such projects do not fail, a holistic view is requisite. Cybersyn, for example, 

did not foresee the political change to which it was ultimately vulnerable (Figure 32) – but 

this is relevant for cybernetics of a higher order.46 Even these systems will likely fail, but if 

data are verified and utilized in an intelligent manner, probably less dramatically than 

Cybersyn. Currently, AI and Big Data are used in today’s urban centers to understand the 

behaviour of citizens. The aim of a CCL is to foresee such developments.  

 

Thus, even within the age of AI, human beings are integral, even though the future shows 

us something different if we refer to J. Schmidhuber. To enable a broader comprehension 

of cybernetics and its social transformation, the next chapter links arts and the relation of 

being to its social environment. 

 
  

                                                
46 Judge, Anthony; personal communication (16/08/18). 
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1.4 Art and Cybernetics / Information and Redundancy 

 

1.4.1 Terminology 

 
Consciousness – consciousness describes awareness and conceptualisation about how we, 

as humans, sense our environment. It cannot be scientifically proven. If we prove 

something, then we prove only knowledge or understanding of something. 

Information – when data were translated in an understandable format, we speak about 

information. Some codes offer information to those who can code and thereby have access 

to this information.  

Knowledge – basic information on a topic or in a field. Communication is possible to a 

certain extent, and decisions can be made. The knowledge also emphasizes the question 

of the mechanism by which the information was obtained. 

Reality – objective realism or truth perceived by everyone individually. This can be based 

on meta- and cyber-space, and acts as an intelligent state of thinking. An understanding of 

reality is needed for a full awareness or consciousness. 

Steersman – a person in charge of a navigating process according to his or her agenda. He 

or she responds to information to make decisions to ensure that the goal is achieved.  

Understanding – specialist knowledge in a field in a broad range of circumstances. Decisions 

can be refined, and understanding can contribute to knowledge. 

Variety – the number of feasible states within a system. To have a stable system, the variety 

must be equal to or higher than the varieties of the assailant system, so that it does not 

fail. This is related to Ron Ashby’s Law of Variety. 

 

1.4.2 Art and Cybernetics / Information and Redundancy 

 

Abraham Moles, a former professor at HFG Ulm who established information theory by 

linking cybernetics with human sciences, labels the new doctrine of cybernetics as: 

 

“A philosophy of the relation between Being and Environment.” (Moles, 1968 p.14). 
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This quote raises the problem of complexity of metabolic networks and feedback loops, 

especially in cities. It is certainly a logical conclusion, as a being cannot be detached from 

its environment. To visualise complexity of the city, Abraham Moles presents a sequence 

of images from a bird’s eye view of an entire city (Paris in 1968) to the detailed view of a 

sphere that is a structural piece of a bollard. By zooming in on the details of an object, he 

reduces the information shown in the image and thus complexity (Alsleben, 1986, p. 18). 

Interestingly, the same process is shown in the book “Decoding the City” (Offenhuber & 

Ratti, 2014, p. 126). The relevant chapter was written by Greco and is entitled “Seeing the 

City through Data / Seeing the Data through the City”. Here, the author uses a satellite 

aerial image of San Diego and zooms in on a U.S. Navy building complex that suddenly 

shows a well-known political symbol of the Second World War (Figure 33).  If the planner 

would have seen this earlier through a certain awareness, we can assume that he or she 

would have certainly chosen a different layout. However, we do not want to open a 

Pandora’s Box here by discussing the meaning of this symbol. We rather should focus on 

how two examples demonstrate the same systematic approach to reducing complexity, 

and thus a new consciousness to the human being and its relation to the urban fabric. The 

view is no longer limited; novel devices enable us to have constant access to different 

points of view to better understand the overall context. In this example, it is linked to a 

street view and a new understanding enabled by satellites and the bird’s eye view. 

However, this can be adapted to any topic, anywhere, and not only for physical buildings. 
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Figure 33. Information and redundancy. Moles, 1968 p.18 vs. – Greco, 2014 p.126. 

 

In terms of a larger, more global scale, we can refer to the project by Charles and Ray 

Eames, “The Powers of 10”. This project is a video that shows a young couple having a picnic 

in a park somewhere near the Great Lakes. The camera then starts to zoom out and in by 

a factor of 10, leading to an interesting understanding of space (Figure 34). Also shown is 

that, according to the view of the observer, we generate a different comprehension as we 

see dissimilar scenarios and complexity. By zooming in and out, the video reaches a level 

in which it is impossible to elucidate the relation to knowledge and technical processes. 

Charles Eames and Ray Eames explain that this project illustrates the universe as an arena 

of continuity and change. The video also zooms out so far that we see the Earth as a sphere, 

as spaceship Earth if we were to refer it in the terms of Buckminster Fuller. Bunschoten 

refers to this as framing. He states that if we see something, then we exclude most other 

things, which means that through framing we focus on particular things. Specifically, we 

articulate a singular condition. By concentrating on a small sample of a city, we reduce its 

complexity and concentrate on the flux. The process that is generating this flux is the 

horizon of the meta-space (Bunschoten, Urban Flotsam: Stirring the City, 2001, pp. 159-

166) and described in the UG later as erasure, origination, transformation, and migration 

(EOTM – Chapter 3.3.2). Consequently, only a new consciousness will enable us to see new 

phenomena and perhaps Black Swan events with which technology and sensors could 

assist. 
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If we consider all networks of an entire city, it becomes highly complex, and the first 

question that arises here pertains to how to reduce this complexity. An effective way to 

cope with this problem is to zoom in on certain details of interest and to analyse them. 

From there, we should discern how these relate to other systems within the city and how 

they interact with each other (as seen in Figure 5: City of the Future). No matter how we 

start, though, we can assume that human beings relate to it, and that they already require 

a basic knowledge of cities to understand the processes and information. In general, this is 

achieved through an evolutionary process and our environment.  

 

However, how does our body relate to this complexity that is extended by modern 

technology? How do we move through such a space and how are decisions made if not by 

consciousness? Therefore, we must elucidate how we communicate in this novel space and 

how we perceive information. 

 

Our physical body always functions as an emitter and a receiver, extended even in 

cyberspace. The message sent by the emitter should already contain certain information 

that can be read by the receiver (integrator); otherwise, the receiver would not be able to 

decode the message. This information is, in general, sent as code and the basic repertoire 

of the receiver is data, enabling communication between both systems. Once the code is 

received and translated with the data, a “gestalt” is generated, and the image will be 

developed in knowledge and then sent back. This process relates to the basic cybernetic 

principle of knowledge. First, we must acquire knowledge, then we must develop it through 

our own experience (our data stored in the brain), and finally we disseminate knowledge. 

Here, it is extremely important to understand that this process does not comprise a relay 

that might correct the output. 
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Figure 34. The “Powers of 10” by Charles and Ray Eames, 1977 © Eames Office LLC (eamesoffice.com). 
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We can thus conclude that the basic processes of how we reduce complexity have not 

changed over the years.47 What has changed is that we are now able to collect and decode 

data on another level through the assistance of computation. Very often, the new layer of 

information of a city is generated by sensors. This information is so rich that a normal 

human brain could not decode it or at least would need decades to do so. With actual 

computation power and algorithms, however, we are able to decode this information in 

real-time and respond to it. Such programs would need to be coded and developed by 

interdisciplinary teams consisting of neuroscientists, Internet of Things (IoT) experts, 

psychologists, architects, computer scientists, politicians, etc. Even Stafford Beer and van 

Dyne used this approach in their projects, as Figures 35 and 36 illustrate. 

 

 
Figure 35. Organisational structure of Cybersyn. Source: www.cybersyn.cl. 

 

                                                
47 Here, I refer to the previous chapter, where new management strategies are presented, such as  the syntegration 

process as well as Forrester’s “Urban Dynamics “(M.I.T. Press, Cambridge, Mass. 1961). 
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Figure 36. The organisation of the team according to general positions of the specialities (van Dyne, The 

Ecosystem Concept in Natural Resource Management, 1969 p. 339). 
 
The organisation of the team according to general positions of specialities, as used by van 

Dyne (Figure 36), has been adapted, to visualize the team of the BrainBox experiments, 

which can be seen in Figure 50, Chapter 3.3 Technical Set-up and general Functioning. This 

organisation of an efficient team is also linked to the idea of peer-to-peer networks, as 

described by Johnson: 

 

“Diversity does not just expand the common ground of consensus. It also increases the large 

group’s ability to solve problems.” (Johnson, 2013, p. 98). 
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Diversity would lead to a code that should be able to adapt and evolve over time. Diversity 

is also closely associated with, if not the same as, variety. We might state that diversity is 

related more to the idea of a difference, while variety comprises the theme of (personal) 

choice. However, we can assume that both terms underpin Ashby’s Law of Requisite 

Variety that should be dominant for such a code.  

 

To steer a city with such a system, we must be certain that we have a stable system. We 

now turn to the Law of Requisite Variety by William Ross Ashby (Ashby, 1957 ). This law is 

based on the concept that a successful system must create a greater variety than its 

contextual environment to survive. If this is not the case, an aeroplane would crash due to 

turbulence, companies would declare bankruptcy, etc. An example that illustrates this law 

is the symbiotic relation of a pilot and an aircraft through the assistance by Fly-by-Wire. 

This method assists the pilot to regulate the flight with certain processes. With Fly-by-Wire, 

the traditional mechanical levers that control the powered hydraulic control system are 

replaced by sensors and computers that regulate the pilot’s decisions in an automatic 

process. Although autopilot uses the same computer for its processes, Fly-by-Wire is 

different, in that it provides the pilot with assistance in steering the plane manually. Thus, 

the Fly-by-Wire method is more reliable and responsive to the pilot’s decisions. Indeed, it 

substantially improves the safety and performance of planes.  

 

The system helped pilot Chesley Sullenberger to land his U.S. Airways 1549 flight after an 

engine failure in the Hudson River in New York in 2009. In this case, the combination of the 

skilled pilot and the computer of the aircraft formed a symbiosis that was stronger than its 

environment owing to a greater variety. Sullenberger was in full command of the aircraft, 

but was assisted by the code of the aircraft that set the boundaries to achieve the optimal 

positive target of his actions.48 

 

The concept of the BrainBox is to adopt the ideology of the Fly-by-Wire method to the 

urban planning process. The decision-makers remain in full command, but are assisted by 

                                                
48 The topic of the symbiosis and the landing process of Sullenberger is more elaborately described in Johnson’s book, 

Future Perfect, on pages xvii-xix. 
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the code that is fed by real-time data to ensure the positive outcome of the planning 

process by taking the Law of Requisite Variety in account. Thus, to achieve a positive 

outcome, a pilot is required within the context of the planning process. A generalist 

systematic architect would be the pilot in order to reduce complexity because architects 

have a special skill, i.e., they communicate through drawings. Architects can reduce the 

complexity of an entire building in plans that should be accessible to everyone, and not 

only experts.  

 

An illustrative example of this is a simple floor plan of a family house. The floor plan 

constitutes a system, a sequence of rooms with doors, windows, etc. This system of floor 

plan reflects people's needs, while each room has its own functions. The client is able to 

understand the complexity of an unbuilt project, i.e., he or she will never see a floor plan 

built in reality because a final project becomes three-dimensional (3D). Even if we would 

draw the plan 1:1 onto the ground and view it from above (by using a drone with a camera), 

the view will be distorted and not to scale. Nevertheless, the floor plan is an essential tool 

to communicate the logic of a project. Therefore, we must ensure that the plans fulfil the 

criteria of the imagined system and are arranged in a logical sequence according to its 

environmental and social factors.  

 

In the situation of an interactive planning environment, the team will not draw a plan. 

Rather, there are sketches on an interactive table formulated by the processed data and 

the output of the multidisciplinary team that feed back in the loop to optimise the process 

and to evaluate the new outcome again. Consequently, we must understand that the 

representation of the data on the screen is not yet real, but can be regarded as real with 

regards to its process. Indeed, in his book “The Fabric of Reality”, Deutsch writes:   

 

”Even prehistoric cave paintings gave the viewer something of the experience of seeing 

animals that were not actually there.” (Deutsch, 1998, p. 99). 

 

Here, the animals had to be already drawn in such a way that they could be recognized as 

animals because otherwise the cave painting would have failed. If we, as architects, create 
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a system that cannot be read, then we too fail. Thus, diagrams that require certain 

knowledge to understand must still be comprehensible to the team. In other words, the 

knowledge of experts is required to validate the output. As Lefebvre wrote in “The Urban 

Revolution” in 1970: 

 

“Knowledge is not necessarily a copy or a reflection, a simulacrum or simulation of an object 

that is already real.” (Lefebrve, 2003, p. 3). 

                                                                                                                                                                                                                                                                                                                                                                            

The drawings on the interactive table constitute knowledge of projects that are not real in 

the context of the built environment, but are real for the interdisciplinary team. Otherwise, 

it would not be feasible to present knowledge through an interactive screen. An interesting 

experiment was performed in 2012. Here, the test persons had to descry snipers in a 

computer game, for at least an hour, five days a week. After two and a half months, the 

participants were able to recognise additional details in chaotic patterns, as well as the skill 

to discern grey scales. People who were hunting bad guys through a virtual labyrinth for 10 

hours in two weeks were advanced in recognising objects from different perspectives.49 

This learning effect could even be measured half a year later (Bavelier & Davidson, 2015, S. 

88). From these findings, we can conclude that people can use interactive environments as 

learning tools, even if they do not know that it will achieve a new consciousness. If we 

replace the sniper or the bad guy with items on which we want to focus, we could educate 

people in an enjoyable way about data and unseen networks to be aware and to act in a 

more conscious manner in their meta-environment. 

 

The basic process of the representation of knowledge can be described in three steps 

(Figure 37). First, the person has to acquire knowledge. Normally, this occurs through life 

itself, studying, and experience. Life itself may be inferior to BlackBox, as there are 

elements that can not be translated into algorithms. Nevertheless, life must have goals, 

especially moral and ethical goals. People develop the theory and the models. Therefore, 

we must rely on ethical goals to create knowledge that will support the friendly AI in the 

future. This knowledge will then be applied in context. In response to the first idea, the 

                                                
49 Cf. (Bavelier & Davidson, 2015) / Jing Feng / University of Toronto, Canada. 
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topic constitutes the second step, i.e., developing knowledge. This developing of 

knowledge pertains to the process of design, the optimisation of a project and within the 

given timeframe, the elimination of negative feedback loops. The third step is the 

distribution of knowledge, the evaluation of the output, and its representation of the 

related environment. All three steps together can be considered as the representation of 

knowledge.  

 
Figure 37. First- and second-order cybernetics’ representation of knowledge. 

 
The feedback will feed in the acquisition of knowledge, in which it does not matter whether 

or not the development of knowledge was successful, but it will influence how to process 

further. If the team denies this feedback, there will not be any evolution in their own 

knowledge, and thus there will be no positive outcome of the decision. Only through this 

process can the team be able to judge projects. It is therefore up to the architect to create 

a layout that functions as an extensional communicational tool of the virtual city. The 

reason for this is that decisions can be made by the use of knowledge, and being aware of 

not understanding everything. This process can be exemplified by the actions of our brain. 

Most of us do not have deep knowledge about how our brain works or how decisions and 

conclusions are formed. Thus, although our brain functions like a Black Box, we trust the 

decisions and actions (normally) made by our brain.  
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1.4.3 Summary 

 
The above case studies by Abraham André Moles and Kael Greco attempted to reduce 

complexity by examining objects, being aware that each object is based in its own context. 

Charles and Ray Eames demonstrate a similar process by zooming in and out of a given 

situation in their video the “Powers of 10”. What all three case studies have in common is 

that the larger picture creates a change of perspective. The project “Powers of 10” 

demonstrates that even this can lead to complexity that is no longer understandable 

without certain knowledge. Consciousness is required to evaluate the condition of being in 

its relation to its environment. Today’s collective consciousness is assisted by using the 

current capacity of sensors. Frequently, the condition of the object then changes. We can 

adapt this awareness to the unseen networks that are consistent in our urban centers. The 

new awareness assists us to make decisions or conclusions in a way that was not possible 

just a few years ago. This creates new knowledge that might lead to a new understanding. 

The process of how this is adapted in the CCL is of importance. It concerns the development 

of knowledge in context to its environment as a non-linear feedback loop. This is 

accomplished in three steps. First, we acquire knowledge that is then devolved and finally 

distributed through communication. Preferably, the feedback leads to a new input. To 

acquire knowledge, we must rely on diversity, either in teams or assisted by AI and 

computation. This leads not only to a broader basis of consensus, but also creates variety 

which then solves problems. The variety of a specific system must be greater than the 

variety of the problem to ensure that we create a stable system. While it is not feasible to 

have the entire team always be human bodies in such an environment, it is critical that 

knowledge is part of the algorithm that guides the process of the CCL. The algorithm should 

also be coded as an open system, so that participation and feedback create a higher 

intelligence. On that account and in relation to cities, greater variety is only possible using 

AI and computation. 

 

Using the CCL in a process based on a gamification process also ensures that the users’ 

learning effect creates knowledge that can be measured even a half a year later. This 

process then leads to faster decisions. Anything created in the CCL is at this moment still 

an illusion if this is not transformed into a policy that is then tested in its context prior to 
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its implementation. Even illusions are based on experience and therefore, in the view of 

radical constructivism, part of the user’s reality. In certain conditions, we need to react in 

real-time, meaning that we do not have opportunities to test the policies. Here, we must 

be especially cautious that these policies are based on confirmed data, and that these if 

they fail, can be easily improved. Redundant information can only be obsolete by consent 

of a greater variety. The steersman is here more a polemical description of a navigator in 

this process that can also be the AI. A more scientific term would be the integrator, human 

or artificial, in the age of Industry 4.0. Nevertheless, communication and participation 

through human-machine interfaces are crucial. 

 

The CCL should reduce the complexity of a city to certain topics to ensure that, through a 

combination of humans and AI, greater variety is generated and subsequently the variety 

of the tackled problem. Overall, human participation must always be feasible.  

 

How can we now adapt this knowledge to a larger team? How can we ensure that we create 

stable systems with topics that rely on future cities in a way that knowledge is gained and 

distributed? The CCL offers one way by using scenario games and the installation itself, i.e., 

it designs the communication of the participants to ensure variety. However, this is limited 

to its users. Another way to approach this complexity for larger teams is called Team 

Syntegrity, which will be described in detail in the following chapter.  
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1.5 Team Syntegrity 

 

1.5.1 Terminology 

 
Database – a container that selects a set of data that is organised in a way that decisions 

can be more easily supported through gained information of the selected data. There are 

isolated components.  

System Dynamics – a methodology to model complex non-linear systems founded by Jay 

W. Forrester. It is a way to study the behaviour of systems in relation to policies, structure, 

and feedback. System dynamics focuses on negative and positive feedback. Forrester 

concentrated more on industrial dynamics, as an influence on the economy. 

Team Syntegrity – a model invented by Stafford Beer based on the natural principle of 

tensegrity. It describes a process in which several people can act as a neural network to 

share and develop knowledge and comprehension. The process is based on the geometrical 

form of an icosahedron. 

Tensegrity – a structural system based on compression. The term tensegrity was coined by 

Buckminster Fuller and used for his dome structures. 

 

1.5.2 Team Syntegrity 

 

Currently, the planning team of the CCL or within the BrainBox is based ideally on four 

players – one game master, who has a hidden agenda and three players, who play artificial 

roles if desired, such as a politician, entrepreneur, stakeholder, or activist. They 

communicate and negotiate their knowledge in the scenario game. The experiments 

showed us that often more than four people were on the table, which generated a higher 

level of complexity. This is described in more detail in Chapter 3.7, Proof-of-concept. All 

participating players of the SG use cards of the operational fields or prototypes to create 

scenarios for future planning. This SG enables the team to test ideas within the urban 

context. In addition, the interactive table is backed up with real-time data and data that 

are already embedded in the database of the UG. However, how can larger teams be 

involved in a democratic and participative planning process? How can we ensure that, in 
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such a process, all relevant fields are covered to generate a group consciousness with 

positive feedback or a process that leads to a result? Team Syntegrity provides the solution. 

According to Alenna D. Leonard, Team Syntegrity is a protocol that supplies a structure for 

30 people in a non-hierarchical, but interconnected, exercise of creativity to build up a 

group consciousness (Leonard, 1998-2002, p. 1). 

 

Cybersyn consisted of seven seats in total that related to a paper published in 1956 entitled 

“The Magical Number Seven, Plus or Minus Two: Some Limits on our Capacity for Processing 

Information” by George A. Miller.50 This paper asserts that human beings can hold up to 

seven, plus minus two “chunks” of information at the same time in their short-term 

memory. By chunks, we refer to information received from the interactive table or the 

screen. The number of seven is genetically established and cannot be trained, according to 

Miller. Since his paper is one of the most cited papers in psychology, we can assume that 

this is a fact. However, criticism of this also exists, supported by Miller’s own experiments, 

which were showing a full recognition for 7 numbers, 6 letters or 5 words. Hence the 

number of recognized information was therefore dependent on the type and, above all, 

length of the chunks. In addition, the question remains of whether we can cope with more 

chunks if we extend our body by technology. However, whatever occurs with the 

calculation and processing of chunks by our brain, we will have a problem in teams in which 

complexity rises. Therefore, the problem of how to cope with complex topics in a larger 

team remains. This leads to Stafford Beers’ observation of a natural geometrical system 

that led to a term that was coined by Buckminster Fuller at the time for his tensile 

structures: tensegrity. Tensegrity describes a structural system that has isolated 

components that are held together by compression within a net of tension. Buckminster 

Fuller demonstrated this in a structure of an icosahedron and utilized this statistical 

principle within his dome structures. 

 

Knowing that Stafford Beer was aware of the paper of George A. Miller51 and the relevance 

of the number seven plus or minus two, it seems logical to apply the concept to the 

                                                
50 Bonsiepe, Gui; personal communication (16/03/29).  
51 Bonsiepe, Gui; personal communication (16/03/29). 
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icosahedron to manage communication within more complex topics and larger teams. 

People may ask why the icosahedron makes sense because it has 12 corners and not seven, 

but the important point is not the number of corners. The important factor is the amount 

of connections to the corner, i.e., nodes, which is five. Five is the minimum number, and a 

secure way to transfer information if we again refer to seven, plus or minus two. The 

geometrical structure has 12 corners with each corner representing information, i.e., 

“chunks”, of a specific topic. Each node is then represented by five people within a team. 

As the icosahedron has 20 sides, it has 30 edges. Each edge should be represented by a 

person, and thus a team comprises 30 persons. This creates 60 internal tensile 

relationships, represented by 30 internal struts (Beer, 1994, p. 16). A group organised in 

this way functions as an excellent example of participatory democracy. Ideally, it enables a 

structure with no hierarchy. Although knowledge and the character of person might create 

a hierarchy, it nevertheless concerns the process and the overall team functions as a unit.  

 

Having this geometrical structure with 12 nodes, the icosahedron, as a basis for 

communication, each participant has his or her location within the topic and experience 

within a discussion compression and tension, i.e., as in the real structure that is based on 

Buckminster’s term tensegrity. Buckminster Fuller had already started the exploration of 

systems based on tensegrity in 1920, but elaborated on it around 1940 as the basis for his 

geodesic domes. His term tensegrity was constructed out of the terms tension and integrity 

(Sieden, 1989, p. 102). However, as tensegrity describes a geometrical form, Stafford Beer 

adopted it to a novel term which he phrased syntegrity or Team Syntegrity. Actually, it was 

not Stafford Beer himself who came up with this term. According to Stafford Beer, it was 

Boris Freesman:  

 

“… Boris Freesman suggested that my own emphasis on the synergy attributable to 

reverberation should be acknowledged. He coined the word syntegrity that draws together 

synergistic and tensegrity, and Team Syntegrity has been the name for this technique ever 

since.” (Beer, 1994, p. 14). 
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Syntegrity is therefore a combined word of syntegration and tensegrity. Team Syntegrity 

constitutes a model for integrating and sharing knowledge for developing a database of 

shared knowledge for criteria for social action (Mejia & Espinosa). Provided the structure 

of an icosahedron, the information for communication is presented in a participative non-

hierarchical order that supports decision processes. The main source for Team Syntegrity 

is Stafford Beer’s book “Beyond Dispute. The invention of Team Syntegrity” (Beer, 1994). 

With the development of Team Syntegrity, Stafford Beer was also aware of the work of Jay 

W. Forrester on system dynamics. Beer refers to Forrester’s work as follows: 

 

“...the notion of a straightforward feedback mechanism to the notion of multiple loop 

systems. Outstanding in this area of study is the work of J W Forrester.” (Beer, 1975, p. 107). 

 

In line with Gui Bonsiepe, Stafford Beer mentioned the work of Jay W. Forrester in the 

context of the development of the future panel for the operation room within Cybersyn.52 

However, Jay W. Forrester had no contact with Beer or Buckminster Fuller in person, nor 

was he involved in Cybersyn.53 By the way that Stafford refers to the work of Jay W. 

Forrester, we know that Stafford Beer was familiar with the topic of system dynamics and 

that it might have influenced his work on Team Syntegrity.   

 

How would we adapt Team Syntegrity to urban planning? Preferably, this would occur in a 

way in which each node is assigned a specific topic of urban planning. Eight topics would 

be fixed, as seen in Figure 5, City of the Future, and Figure 38. These eight topics are: 

resources, economy, communication, living, environment, mobility, districts and test beds, 

and governance and people. Four topics are free to be chosen conforming to the field of 

interest. With such a distribution of topics, we can ensure that all fields for future city 

planning are covered. The integral element of communication is the gaming board or an 

interactive table. In the past, this process was attempted in an academic context at the 

Technical University Berlin with students, but never completed. 

                                                
52 Bonsiepe, Gui; personal communication (16/03/03). 
53 Forrester, Jay W.; personal communication (16/03/17). 



	

	 106 

 
Figure 38. Icosahedron with topics regarding the future city; communication according to Team Syntegrity. 

 
We can simply assume that such a process of sharing knowledge would lead to an 

immersive result. Time-wise, it was not yet possible to test such a mode of Team Syntegrity 

within the CCL. We should also be aware that Team Syntegrity is now a registered 

trademark. Probably in the context of a university, it is feasible to work with this approach, 

but it might have legal consequences once we adapt it to the open public. In the essence 

of the approach of Stafford Beer, this is disheartening, and we can only hope that this will 

change in the future. Nevertheless, we have to use participatory methods within the CCL 

to ensure the exchange of knowledge and to create greater variety. Within this thesis, the 

methods named are the urban gallery and the process of Team Syntegrity. Other processes, 

such as the Design Thinking Method, could also easily be adapted.54  

 

 

                                                
54 Cf. Further information about the Design Thinking Method in the context of Smart Cities can be found in the reader 

“Designing Smart Cities – Kreative Strategien für städtische Herausforderungen” published by the CKI Technical University 
Berlin 2014 / Prof. Elke Pahl-Weber and Prof. Dr. Dodo zu Knyphausen-Aufseß. 
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1.5.3 Summary 

 
The CCL can be understood as a conceptual tool to generate consciousness that leads to 

knowledge and understanding, but this is only possible if everyone can participate. This is 

currently ensured through the urban gallery and scenario games that are quite defined in 

terms of the number of participants. Frequently, projects fail because they do not respect 

all of the interests of all stakeholders. The problem currently with the SG is that it is not 

self-explanatory. A steersman is required to explain the process and the rules. In the past, 

it often required several rounds to ensure that the players understood what they were 

supposed to do. To generate a broader public, we should seek democratic ways to embed 

a larger audience. Team Syntegrity is useful here. Team Syntegrity constitutes an approach 

to tackle larger groups and could be included in the process. Team Syntegrity itself 

constitutes a process invented by Stafford Beer, and is based on the concept that a great 

variety of interacting information and positions can be integrated in a common result 

through communication. The problem with Team Syntegrity is that it is registered as a 

trademark, and therefore not accessible to everyone, which was certainly not Stafford 

Beer’s intention. However, we can only hope that this will change in the future or that we 

can evolve this idea and generate an innovative process out of it. Nevertheless, this process 

has to mentioned, as it is a democratic tool for participative processes and should be a basis 

for further research. 

 

Nevertheless, a problem that arises here is how to assess what kinds of variety are needed 

to create a stable system. As shown in Figure 38, certain topics are set which ensure that 

the discussion covers all parts of the interests of future urban centers that still have a place 

for new terms. With Team Syntegrity and the cybernetic approach, we can ensure that the 

human being is not disembodied from participation in such a process. If variety is 

sufficiently high, it could only be seen in a test run and the resulting prototype in relation 

to time. In the future, an advanced AI will assist and ensure that the variety fulfills its 

requirements. 

 

In addition, it is interesting to note how, in the 1970s, people, such as Stafford Beer, 

Buckminster Fuller and Jay W. Forrester, were aware of each other’s work, but did not have 
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personal contact. In the case of Buckminster Fuller, one could state that this was due to his 

problematic character. However, it is astonishing that Jay W. Forrester and Stafford Beer 

never met personally, as they were operating in the same field. Indeed, management 

cybernetics and system dynamics were very similar. Both are methodologies to elucidate 

and model non-linear complex systems over time. Moreover, Forrester was one of the first 

to simulate complicated systems on computers so that their behaviour became visible in 

time, which is very similar to Stafford’s work on Cybersyn. We can only assume that 

Stafford did not contact Forrester because he withdrew himself to Wales, Cwarel Isaf 

cottage after the abrupt end of Cybersyn. On the other hand, we know that Buckminster 

Fuller befriended Ludwig von Bertalanffy, the inventor of general systems theory. Fuller 

even wrote the nomination for von Bertalanffy for the Nobel Prize in 1972 – but sadly 

Ludwig von Bertalanffy died shortly prior to the nomination.55 In hindsight, these steps 

constituted milestones in their field, and are today common reality within cities. Only the 

process of Team Syntegrity has not found its daily application, which may be because it has 

been established as a trademark.  

As the citizen is an integral part of the future city, the CCL must ensure that participation is 

feasible. Two processes are named here: the scenario games and the process of Team 

Syntegrity. One is intended for a small team, and the other is intended for a larger audience. 

It is likely that other participatory processes can also be adapted but, within this thesis, 

only two of them were closely elaborated on. The first is theoretical and practical, and the 

second only theoretical.56  

 

The following Chapter 1.6 Loop Systems, Colloquy of Mobiles, and the Technobody is the 

final chapter of Part I. It examines two artistic case studies, in which humans as observers 

could participate by the creation of open and closed-loop systems. One early device is the 

Colloquy of Mobiles by Pask created in 1968, the other is the Technobody which is based 

on the M.Arch’s thesis “Electro Flesh Disorder” constructed in 2007, and then continually 

updated. Both shown installations symbolize architectural creativity, tackling dynamical 

processes that engage participants in learning about the context of life.   

                                                
55 The nomination that was written by Buckminster Fuller will be made public 50 years later by the Nobel Foundation 

that is in 2022.  
56 Another process that could be easily adapted is the Design Thinking Method if needed. 
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1.6 Loop Systems, Colloquy of Mobiles, and the Technobody 
 

1.6.1 Terminology 

 
Aesthetically Potent Environment – an environment which encourages the observer in a 

learning process by exploration and participation. The term “Aesthetically Potent 

Environment” was coined by Gordon Pask with his installation of the Colloquy of Mobiles. 

Closed-loop system – feedback has been evaluated and thereby affects the input. 

Distortion – in this context considered as a distortion of reality through incorrect 

information about reality or time-delay noise. 

Open-loop system – systems in which the output has no effect on the specific input. 

Real-time – transmission of data from the event to the system. It refers frequently in the 

context of cities to traffic, weather data, or CCTV. Other data are sometimes daily, weekly, 

or annually available. 

 

1.6.2 Loop Systems, Colloquy of Mobiles, and the Technobody 

 

Open-loop and closed-loop systems are seen in this context as systems to develop 

knowledge and understanding. Systems in which the output has no effect on the given 

input are termed “open-loop systems”. Systems in which feedback has been evaluated and 

thereby affect the input are “closed-loop systems”. A human being should act as a 

conglomerate of open- and closed-loop systems to become conscious of his or her 

environment. Some feedback always has to influence the input to reduce errors; otherwise, 

evolution and knowledge are not possible. However, both the open- and the closed-loop 

system needs control, as described by Boguslaw: 

 

“The idea of control consists essentially of the notion that the results of a specific action 

must be consistent with some provided set of values. In the field of engineering this idea is 

associated with “control systems” that are generally classified as either open-loop or closed-

loop systems.” (Boguslaw, 1965, p. 31). 
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In this thesis, we refer to the city, i.e., an urban environment which surrounds us. The 

earlier images of the Rio Operations Center by IBM and others demonstrate this. Currently, 

computation is required to understand the complexity of cities and to evaluate the feed-in 

a rapid manner to act positively. In this chapter, we highlight the designer's approach as a 

method of researching this. Two projects are utilized to visualise the complexity of this 

environment. Firstly, we examine the case study (or the interactive installation) “Colloquy 

of Mobiles” of Gordon Pask, shown at the Cybernetic Serendipity exhibition in London in 

1968. Secondly, the Technobody, which constitutes an approach to use an animatronic 

device, very like the Colloquy of Mobile, as the intelligent state of thinking and to visualise 

the concept of human connection to his or her environment on all scales in relation to 

open- and closed-loop systems. Why the analogy of these systems in context to a device is 

important was elaborated on by Uexküll. For him, open and closed systems are analogous 

to a device and its environment, in which material, structure, and construction are 

prescribed by the designer and a device that can communicate with its environment.57 For 

Uexküll, animals live in their own environment, driven and experienced by the data that 

are delivered through the senses, instincts, and needs. These facts can easily be adapted 

to human beings in their environment except that, today, cyberspace enables a new layer 

to procure data that will catalyse our senses, instincts, and needs. We will not more deeply 

explore Uexküll’s theory because we would rather present this in the context of open and 

closed-loop systems with the two named installations and discuss why an awareness of 

loop systems is required. 

 

The Colloquy of Mobiles was an interactive installation by the cybernetician Gordon Pask. 

It was an interactive artwork, based on a computational system which generated 

knowledge. The main concept was five male and female mobiles. The males were 

developed by Gordon Pask, the females by the artist and theatre designer Yolanda 

Sonnabend, and the electronics were coded by Mark Dowson and Tony Watts. In addition, 

the patron of the projects was Maurice Hyams in cooperation with System Research, Ltd. 

(Reichardt, 1968, pp. 34-35).  

 

                                                
57 Cf. Werner, Liss C.; “Why Gordon?” – unpublished document. 
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For Pask, the installation should create an aesthetically potent environment:  

 

“…an aesthetically potent environment encourages the hearer or viewer to explore it to 

learn about it to form a hierarchy of concepts that refer to it; further, it guides his 

exploration; in a sense, it makes him participate in or at any rate see himself reflected in, 

the environment.” (Reichardt, 1968, p. 34)58. 

 

In this quote, one can already recognize the strong relationship to the BrainBox 

experiments and the importance of the design of such a space to encourage its users and 

to enable participation. In the future, the human body has an effect on sensors and 

therewith on the potent environments, and vice versa. In a sense, Pask had already 

envisaged participatory control systems for the city. Moreover, the user, i.e., the citizen, 

had to participate in such a system. 

 
Figure 39. The Colloquy of Mobiles from Gordon Pask shown at the Cybernetic Serendipity exhibition at ICA 

London in 1968. © Institut für Zeitgeschichte Wien / Margit Rosen.	

                                                
58 Quoted from the Catalogue of Cybernetic Serendipity, but written by Gordon Pask as an introduction to the 

Colloquy of Mobiles in 1968. 
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In the Colloquy of Mobiles (Figure 39), this was accomplished through a group of male and 

female mobiles that were hanging from the ceiling. These mobiles could engage, interact, 

compete, and learn from each other. The unique facet of this was that, as an observer, it 

was feasible to join this discourse with the objects or even influence it by direct 

participation. The logic behind the communication was based on a very simple, but 

efficient, code. This code was applied to each mobile that determined its motion: one for 

the males and the other for the females. Gordon set up the mobiles so that the males were 

competing with each other, as well as the females. However, the males could cooperate 

with the females and vice-versa, which led to more complex action than one mobile in 

isolation. The interaction of the mobiles was created by light and sounds. Pask set up the 

mobiles so that the males could project strong beams of light onto the females, while the 

females were only able to reflect light to a male. This process enabled the mobiles to 

orientate themselves and to engage their programmed codes. Pask described mobiles as 

the only “man-size, controlled, reactive environment” (Lopes, 2009, p. 89), and thus we can 

understand his fascination for an aesthetically potent environment. 

This installation was set up as an open-loop system. The mobiles, as a system itself, were 

attempting to use communication to achieve satisfaction. Their aim was to optimise their 

goals to the given code with the least use of energy (Rosen, 2000). As visitors could interact, 

it demonstrates that this constitutes an open-loop system. The interaction was enabled so 

that if visitors were using a flashlight or mirrors, they had to adapt to the communication 

method of the mobiles. The mobiles had their own senses, instincts, and needs. 

 

The second artistic installation is called the Technobody. This installation derived from 

thesis work at the University College London in 2007 and has been continually upgraded 

and refined. The final version was shown at the “Silverlinings” exhibition in Vienna at the 

Academy of Arts in October 2015 (Figure 40 and 41), as well at the Symposium 

“Cybernetics: State of the Art” at the Technical University Berlin in June 2016.  

 

The aim of the Technobody is to show the relation of technology to humans and how both 

closed-loop systems are affected by means of communication, being aware that the system 

itself also consists of open-loop systems. To achieve this goal, the installation is based on a 
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flexible physical body, i.e., white folded “snakes” (Douglis, 2009).59 This form has been 

attached to a robotic system with servomotors that affected the snakes through 

movement. The movement of these motors is initiated by infrared sensors that measure 

distance. Once the system is activated, it creates a self-oscillation which reacts to the 

human observers within the room. More observers create more movement, and a 

feedback loop is created. Another infrared sensor measures the distance between the 

snakes and translates this distance in the musical language MIDI that is sent to a 

synthesiser, and which then creates sound in real-time based on the movement of the 

installation. The sound is sent through an effect generator that is guided by another 

infrared sensor based on the bottom of the installation. The final sound is then sent back 

to the speakers, i.e., two metal plates attached to the central robotic piece. The sound 

stands for the voice of the machine, a metaphor derived from the idea of cybernetics and 

communication in real-time. Finally, on the head of the robot is a webcam that streams a 

video of its environment, and is shown on a screen. The video stream gets distorted by 

sinus waves that are controlled by two ultrasound sensors. This symbolises the distorted 

view caused by technology that we, as humans, perceive if we are unconscious. The entire 

system is constructed on a black plinth that hides the computational factor and is 

embedded in a metal frame. This links to Erving Goffman’s idea of frame analysis, which 

will not be further elaborated on here. Overall, the Technobody is a cybernetic toy that 

engages the observer. According to Pask, it creates an aesthetically potent environment. 

 

The cybernetic sculptor Edward Ihnatowicz and his "The Senster" must be briefly 

mentioned here. The Senster was the first computer-controlled sculpture that actively 

responded to sound and movement. Senster was seen from 1970 to 1974 in Eindhoven 

(Netherlands), before he was dismantled (Ihnatowicz, 2019). Ihnatowicz showed at the 

exhibition Cybernetic Serendipty a sound-activated mobile (Reichardt, 1968, p. 38). 

 

                                                
59 The form of the snakes relates to a design method developed by Evan Douglis.  
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Figure 40. The Technobody at the Academy of Arts, Vienna 2015. 

 

 
Figure 41. The Technobody at the Academy of Arts, Vienna 2015 – in motion. 
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1.6.3 Summary 

 
In both artistic installations, the element of control is within the code. Both projects had 

their own senses, instincts, and needs. As both systems are based on an open-loop system, 

having closed-loop systems embedded, they could be affected by their observers through 

action. Within urban centers, the citizen affects the city and vice-versa if the citizen is aware 

of closed-loop systems. As in Uexküll theory, in which each animal (being) lives in its own 

environment, driven and experienced by data, we can also link this concept to the approach 

of radical constructivism to understand the environment. This is only possible by a 

consciousness in regards to technology as well as to meta- and cyber-space. Thus, a CCL is 

required to create a physical location for participation. Such an aesthetically potent 

environment, coined by Gordon Pask, encourages the observer to create knowledge and 

understanding of his environment. This is also possible using cyber physical devices, such 

as mobile phones, but without communication the human being is left alone with this 

technology, and it is difficult to develop knowledge and comprehension. The BrainBox that 

will be described in more detail in Part III focuses on this. However, both artistic 

installations identify the need for such a location, as well as the success of the fusion of 

technology and design as a method of research if they comprise closed-loop systems. 

 

Both shown case studies are within the field of interactive artistic installations. Such an 

enjoyable approach should be kept within the CCL, but more scientific in its output, as cities 

can be guided and policies created. However, consciousness about the relationship 

between a human being and its environment is crucial if we consider policies. 

 

All presented case studies are examples of highly complex systems. Each case study is 

attached to its social environment and thus creates “wicked” problems. How we can 

differentiate between tame, benign and wicked problems, and what wicked problems are 

in detail are described next in Chapter 1.7. 
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1.7 Tame, Complex, and Wicked Problems 

 

1.7.1 Terminology 

 
Complex problem – based on non-linear processes. Frequently when solved, they create 

new ones. They are difficult to elucidate, but can be solved. Examples are fluid dynamics, 

artificial intelligence, and the science of phytomining. They differ from wicked problems in 

the sense that wicked problems cannot be understood at the current time in their total 

complexity. 

Super wicked problem – relates to wicked problems, but often concerns a global context. 

Super wicked problems are related to time. They do not have a central authority and 

frequently it is the creators who are attempting to solve them. Climate change is a 

representative example of such a problem. 

Tame / Benign problem – a tame or benign problem can be tackled by using the correct 

algorithm or logic. Often, a linear process and straightforward process lead to the result. A 

simple example would be: If a normal bus carries 80 people, how many busses would be 

needed for 240 people? 

Test bed – In the context of this thesis, physical locations to test algorithms, technologies, 

and new products in the context of their environment. In general, it is a term that is used 

in numerous disciplines to incorporate feedback prior to market release. 

Wicked problem – difficult or impossible to solve, due to a lack of comprehension of its 

completeness within its environment. If solved, it will reveal other problems. Decision 

management within cities and knowledge management have been identified as wicked 

problems. 

 

1.7.2 Tame, Complex, and Wicked Problems 

 
In the past, urban planning consisted of concrete problems, such as an axis or straight alley 

to a castle as a line of view and creating an alley or boulevard for parades. Within 

industrialisation, urban planning introduced distance spacing between houses to ensure 

that, in case of an emergency, such as a fire, an ambulance or a fire engine could pass 

through. Another task was to stop the spread of diseases by extending power and water 
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supplies. Each example could be easily coped with through control and policies, i.e., they 

have the characteristic of tame or benign problems considered from today’s perspective 

(Benevolo, 1975). This does not mean that they could be solved easily because, for 

example, the reconstruction of a water supply network could take a long time. However, a 

clear order solved the problem and created well-being within the city. In the 1960s, 

problems became much more complex in cities, as analytical methods and social sciences 

were developed that were not available 100 years earlier, nor was there the idea in the 

18th century to adapt computation and real-time data to urban centers. Complex problems 

and the simulation of these constituted the essence of system dynamics. They are difficult 

to understand and often, if solved, lead to new problems. However, it was feasible to 

overcome complexity by the use of certain sciences, such as cybernetics and system 

dynamics. A pertinent example of a complex problem, which could be considered as a 

wicked problem, is the World2 / World3 model by Jay W. Forrester. The Forrester World 

model simulated the population of the world, the industrial production, and food in 

relation to the world as an ecosystem to explore the limits of growth.  

 

However, certain problems within cities could not been solved, as it was already a problem 

to describe the problem. Other problems could not be solved with a “yes” or “no” answer, 

but rather “good” or “bad”. First-order cybernetics, according to Norbert Wiener, were 

related to the problem of building planes that can fly. Second-order cybernetics deals with 

the  question of why we are building such a plane, i.e., it concerns philosophical, social, and 

ethical aspects. In particular, the ethical aspects were highlighted in the introduction 

"Ethics, AI and Human Beings”, as well as the new perspective of man-machine relation in 

the 20th century. But coming back to Wicked Problems by Rittel and Webber, who are 

addressing this as follows: 

 

“Men in a wide array of fields were prompted to redefine the systems they dealt with in the 

syntax of verbs rather than nouns – to ask “What do the systems do?” rather than “What 

are they made of?” – and then to ask the most difficult question of all: “What should these 

systems do?”” (Rittel & Webber, 1973, p. 157). 
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In essence, they point out that hard sciences deal with the understanding of soft problems, 

while soft sciences attempt to understand and analyse hard problems (von Foerster, 

2003b). Thus, design can be considered as a new dimension in which it attempts to guide 

a desirable future. The combination of science and humanities tries to elucidate the 

complexity of cities, seen in the context of the CCL. In accordance with second-order 

cybernetics, the only way to solve problems is by developing an understanding of the 

problem.60 In addition, as we cannot define the criteria of comprehension, it is not possible 

to solve such a problem without creating novel ones.  

 

These problems are called “wicked problems” if we relate to the paper “Dilemmas in a 

General Theory of Planning” published in 1973 by Horst Rittel and Melvin Webber (Rittel & 

Webber, 1973). Another example is climate change, which has been characterized as a 

“super wicked” problem. In today’s context, the rapid adoption of information technologies 

by governments and society has also created a host of interrelated organizational, social, 

and political wicked problems (Zhang & Kim, 2016, pp. 215-221). To identify wicked 

problems better in detail, Rittel and Webber list 10 characteristics to define wicked 

problems (Tanter, 2008): 

 

• There is no definitive formulation. The information needed to understand the 

problem depends on one's concept for solving it. Formulating a wicked problem is 

the problem. 

• There is no stopping rule. Because solving the problem is identical to understanding 

it, there are no criteria for sufficient comprehension and therefore completion. 

• Solutions are not true or false, but good or bad. Many parties may make (different) 

judgments about the goodness of the solution. 

• There is no test of the solution. Any solution generates waves of consequences that 

propagate forever. 

                                                
60 Hohl, Michael; personal communication (17/02/08). 



	

	 119 

• Every solution is "one-shot" - there is no opportunity to learn by trial and error. 

Every solution leaves traces that cannot be unaccomplished. You cannot build a 

freeway to test if it works. 

• There is no enumerable set of solutions. 

• Every wicked problem is unique. 

• Every wicked problem is a symptom of another problem. 

• Wicked problems can be explained in many ways. 

• The planner has no opportunity to be wrong. The planner is responsible for the well-

being of many; there is no such thing as hypotheses that can be proposed, tested, 

and refuted. 

 

Point one addresses an important part of the complexity of urban planning: Formulating a 

wicked problem is the problem. Figure 37 on page 99 reveals in a simplified way the 

development of knowledge as a circular loop and how knowledge can be represented. We 

stated earlier that a difference exists between knowledge and understanding according to 

David Deutsch. This is the reason why Figure 37 does not mention understanding, as it is 

nearly impossible to develop a full understanding of urban centers, as they are growing 

organisms or devices that are continually being extended. Today’s cities have become 

wicked devices. This also relates to points two and three. Specifically, any tackled problem 

leads to the answer if it is good or bad, and within the soft sciences we can always optimize 

a system. Thus, yes: There is no stopping rule. However, today we can simulate such 

processes within computers or in real test-beds. Jing Zhang and Yushim Kim refer to this 

part in their paper “Digital government and wicked problems: Solution or problem?” (Zhang 

& Kim, 2016). They view the incorporation of new technologies and capabilities in digital 

government research as a promising way to could cope with wicked problems. 

Furthermore, they refer to the emerging discipline of digital government that is no longer 

in its infancy (Zhang & Kim, 2016, p. 255). Therefore, point four might no longer be correct 

in its description. We are currently able to test such processes and to incorporate the 

feedback. In the context of the simulation, Horst Rittel and Melvin Webber note:  
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“As we seek to improve the effectiveness of actions in pursuit of valued outcomes, as system 

boundaries get stretched, and as we become more sophisticated about the complex 

workings of open societal systems, it becomes ever more difficult to make the planning 

ideas operational” (Rittel & Webber, 1973, p. 159). 

 

Point five is no longer true. Currently, although we are able to simulate certain processes, 

probably not all and not always in their full complexity. However, certain wicked problems 

of the 1970s are not wicked today, as mentioned earlier in the introduction to this chapter. 

Thus, we can assert that technology is in the position to solve wicked problems. Although 

new problems might arise, these might then be tame or benign problems within a planning 

department. 

Points six to nine are partially correct, as they can be regarded technically or 

philosophically. They can also be unique or not, or even relate to each other, which might 

result in a super wicked problem, such as climate change. Especially, point eight 

emphasizes the evolutionary logic of research itself. Our wisdom is based on adapted 

thoughts that act to cause– wicked problem or not? 

Finally, point 10 is the ideal towards which every planner should aim. This is the goal of the 

CCL. In essence, we should not attempt to solve wicked problems, but should rather form 

teams with a high degree of variety to design the future. 

 
 

1.7.3 Summary 

 
This thesis attempts to present methods of urban planning assisted by computation and 

real-time data for decision processes. Ideally, such processes occur in interdisciplinary 

teams within the CCL. The outcome is not only a common census, but should also be 

something that could be manifested in policies. These policies should also adapt and be 

changed, and should not be final. They must be incorporated into a nonlinear planning 

method to ensure that feedback can always optimize the processes. That these policies are 

not final is an important conclusion because, if we refer to Rittel and Webber, these policies 

are bound to fail, as they cannot be described in their full complexity. They are based on 

wicked problems and create novel ones. Nevertheless, it is the process of second-order 
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cybernetics and design that can respond to these problems, and today’s computational 

methods are reducing the complexity of such problems, while also adding new complexity 

to it. However, it is a natural conclusion that we need to cope with this complexity with 

consciousness. As written, wicked problems create new problems when solved, that are 

frequently complex problems. Complex problems can be solved through the development 

of an understanding. This will probably create well-being within urban centers and optimize 

the processes of humanity and life in such systems. Wicked problems should not be 

symbolized as complex systems that should not be addressed. Such an attitude would be 

counterproductive for the positive evolution of cities. Rittel and Webber’s assertion that 

each wicked problem is unique may no longer be true. We can simulate certain wicked 

problems and see that they are connected to other problems. If they meant that the 

connection creates a higher order of wicked problems or formulated “super wicked” 

problems, then it might be correct. However, this also leads to the philosophical conclusion 

that all problems are finally based on one super wicked problem that has not yet been 

named– perhaps humanity itself? 

 

After having examined certain case studies in history in relation to early computation, 

cybernetic examples, complexity, art, Team Syntegrity and wicked problems, we conclude 

the first chapter by examining system dynamics. This is an approach to compute non-linear 

systems that is partially similar, but in essence dissimilar, to cybernetics and GST. 
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1.8 System Dynamics 

 

1.8.1 Terminology 

 
Aprioty – knowledge or quality innate to the human mind without prior experience. A state 

of knowledge that is not related to comprehension. 

Policies – refer to the entirety of a political topic, but therewith also have demarcations 

defined by the content-related responsibility of ministries. 

System Dynamics – Cf. 1.5.1 terminology 

Urban Dynamics – a term coined by Jay W. Forrester in 1969 with his corresponding 

publication. It resulted in discoveries made in modelling complex behaviours in accordance 

with system dynamics. 

 

1.8.2 System Dynamics 

 
Since the early 1960s, humankind has been aware of dynamic systems, based on the 

theories of Jay W. Forrester, known as system dynamics. It constitutes an approach to 

understand and simulate the behaviour of nonlinear complex systems in relation to time. 

It is also a methodology to manage industrial and urban systems. In this case, it is termed 

“Industrial Dynamics” or if focusing on cities “Urban Dynamics”. It is closely related to 

cybernetics and general systems theory, but it is also different. Human beings are seen in 

system dynamics modelling as a purely mathematical factor. The differences were 

elaborated on in detail in Chapter 4.2.3. Personal View.  

Jay W. Forrester was invited 1970 by the Club of Rome to a meeting in Bern, in which the 

growth of populations was discussed (Meadows & Randers, 2004). Forrester modelled the 

world as a system, the World3 System, and based on the computation of this system, the 

Club of Rome published the book “Limits of Grow” which led to the United Nations 

conference on the human environment in Stockholm in 1972. It should be mentioned that 

the World3 model was heavily criticized. This criticism was based on the argument that the 

reality of the world was not correctly predicted in the 1970s. This argument is weak overall 

because we currently understand that there are no stable systems in nature and that such 

models have to adapt to their niches (Curtis, 2011). Another critique is presented by Claus 
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Schoenbeck (Schoenebeck, 1975) concerning the urban dynamics model by Forrester. For 

Schoenbeck, the Apriority Hypothesis of Forrester becomes equivocal, as Forrester 

interprets human beings and society as control circuits.61 Currently, both positions possess 

their own merits. However, viewed through the lens of wicked problems, it was necessary 

to start with the process of modelling such systems within computers.  

 

This knowledge of system dynamics is of importance, as it was essentially already possible 

in the 1960s to compute different systems with tractable output. Like today, the main task 

was to reduce complexity first to make complex environmental relations calculable. 

Currently, it is mainly physical systems that are computed, for control systems, public 

transportation systems, etc. However, there is a lack of computation of social, 

governmental, and economic systems. This was pointed out in a paper by Jay W. Forrester 

in 1998, “Designing the Future”. 

 

The CCL attempts to combine human beings with physical and virtual systems, in which the 

output creates new policies for well-being in cities. Such policies, which should follow 

ethical goals, are needed, as Forrester is mentioning it: 

 

“Unlike decisions, policies are timeless and enduring.” (Forrester, 1998, p. 5). 

 

The understanding of policies and the idea of an friendly AI is crucial for the CCL because, 

otherwise, we cannot link emission data to human beings, to create happiness and health, 

two core elements of our moral landscape for. Especially, questions about how different 

processes fuse to become more efficient, and so result in lower emissions of a society, 

needs not be modelled. Here the idea and the understanding of systems dynamics is 

helpful. The simulation of a single process requires a model in which the parameters can 

be changed incrementally so that the dynamics of the process can be simulated.  

 

                                                
61 In relation to time, this can be understood, as also Ludwig von Bertalanffy viewed GST as not connected to this. 

Perhaps it is still valid to assert that this is the case for system dynamics. However, it has changed in cybernetics with the 
introduction of SOC by Heinz von Foerster in approximately 1968 to 1975; the human knowing.  
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But the problem that arises here and has already been worked out with the analysis of 

Wicked problems is, that when two processes fuse, the co-evolution of their joint dynamics 

or the newly emergent dynamics are of far greater complexity than models that can 

combine two sets of parameters and generate novel parameters with them. We observe 

these phenomena when we analyse the integration of different infrastructures, for 

example, the combination of a telephone with computing functions that generate 

smartness or when we try to create new forms of integration between dissimilar 

infrastructures. Another interesting example has been pointed out by Tim Maughan and 

his article about “No One’s Driving” (Maughan, 2019). As autonomous vehicles will reshape 

our cities, the question which imposes is, who is driving instead of humans? Who has the 

control? 

 

Although current application-driven mathematical research62  addresses the modelling 

and simulation of individual infrastructures, it has not considered the combination of 

several infrastructures in its full complexity. In addition we cannot not simulate human 

beings in its full complexity, and we do not know if this will be ever (hopefully not) the case. 

We cannot not even define where consciousness comes from, or how it comes to life. One 

simple reason for this is complexity in relation to computational power, the other, that we 

do not have the knowledge how to do this. Since complexity and dynamics are at the core 

of the city, and its capacity to offer more energy-efficient lifestyles to society, this issue 

needs to be addressed. If computation does not yet allow this, then we have to find other 

ways to at least establish the theory. 

 

Another issue that has to be researched is the relationship between an individual 

component of human beings generating emissions and the overall condition of climate 

change. When we are able to model or simulate the greater complexity of the coevolution 

between different systems in a city, we can better understand how this behaviour relates 

to the behaviour of the global climate as a whole. Fundamental research that we can 

perform with the CCL will contribute to this understanding. Nevertheless, we touch wicked 

problems here. Once solved, we create new ones. 

                                                
62 Cf. Technical University Berlin Matheon. 
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New technologies and simulation models, e.g. system dynamics, helps us to understand 

policies generated by the input of data and human creation, and feedback that then will 

affect human behaviour. It is the idea of creating such a model that implies policies that 

turn human beings into decision-makers based on data, i.e., in our case, real-time data of 

emissions. The perspective of the human-machine relationship needs to be changed 

because these policies are not something that is happening to us right now, we as humans 

are responsible. Forrester mentioned 20 years ago that human being can act only at the 

present time because one cannot act yesterday or tomorrow (Forrester, Designing the 

Future, 1998, p. 5). This is still valid because if we would like to act in the past, this would 

only be feasible by algorithms that are programmed today. For example, we still receive 

notifications of someone’s birthday from our calendar, even if this person has passed away. 

It is far more difficult, if not currently impossible, to act in the future. What is possible is 

the outline, the vision, to act in the future. One way to do this is to refer to the future cone. 

The Future Cone Model (Figure 42) was used by Trevor Hancock and Clement Bezold 

(Hancock & Bezold, 1994) for alternative futures. Today we have goals that evolve over 

time into a planned, plausible, possible or even absurd future. However, if we have ethical 

guidelines based on policies, they will help create a planned future. We need a flexible 

system, not direct linear planning, because we do not know what affects our goals. This is 

easy to say for a period of one year, but it will be difficult if we plan fifteen or twenty years. 

Therefore, such a directive must be flexible if such a new adaptation creates a higher value. 

 

In general, Forrester’s view remains valid, as any operation in the past or in the future must 

be programmed in the present time. Moreover, changes or actions in the past can be only 

minor ones, i.e., we cannot solve complex social issues in the past. However, we can learn 

from the past and create ethical policies today that will affect the human future. Overall, 

we must always be conscious that whatever we do, it will have an effect on the future. 
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Figure 42. The Future Cone is showing the future according to its potential and the outcome, which can be probable, 

preferable, plausible or possible. The Future Cone, adapted from Hancock and Bezold (1994).  

 

1.8.3 Summary 

 

System dynamics constitutes a methodology and computable modelling technique to 

simulate the behaviour of nonlinear complex systems. It is often utilized in management, 

and can also be applied to politics, the world, cities, and industry.. Forrester refers in 

system dynamics to policies that should be the result of such a process, as policies are 

timeless and enduring. However, he is also honest, as he sees that policies that were 

adopted for correcting a difficulty actually intensify it rather than produce a solution 

(Forrester, Urban Dynamics, 1969). In addition, system dynamics requires experience in 

mathematics, management and computation, and cannot been utilized ad-hoc by any 

person. The results are therefore goal-oriented. We can agree that complex systems are 

difficult to elucidate and frequently counterproductive. Thus, we need another approach 

in our context of the Conscious City. In other words, this is where the urban gallery comes 

into play. The methodology of the urban gallery is an approach to urban planning that can 

address complexity and the dynamic character of, for example, climate change mitigation. 

This might be similar to urban dynamics (UG), but differs essentially regarding the input, as 

the output is not clearly defined. The UG is more of a process based on participation and 

negotiation, as the future cone, to develop a possible, or at least preferable future. It 
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constitutes an approach for solving a problem, and not a mathematical formula that can 

be proven. Climate change mitigation and energy-efficiency are the most current focus 

areas in which the urban gallery is being applied. It is a methodology for wicked problems. 

The urban gallery is uniquely suited to provide a robust framework for handling ever-

changing conditions in the urban environment. This is achieved by means of choreography, 

urban curation, and cybernetics. As described in the introduction of this thesis, we can 

make decisions with knowledge that we do not totally understand, as long as it is based on 

proven facts.  
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PART II - Current Industry and Implementation 

 
 

2.1 Introduction to Part II 

 
Since the early 1990s, information and communication technologies have enabled new 

ways of architecture and production in connection with industry. A positive 

commodification63 is required to enable a successful project. Applied innovation in the 

physical world is ideally only possible through business models. In the 19th century, this was 

mainly accomplished by workers through physical labour. Today, commodification occurs 

mainly using new technologies. The second chapter Part II Current Industry and 

Implementation shows possibilities that might be enabled by an innovative planning tool 

that also is associated with stakeholders from industry. Web 2.0 was the keyword 

approximately 15 years ago when it came to novel ways of production and merchandising 

the World Wide Web. Currently, we speak about the IoT, but also about the Industrial 

Internet or Industry 4.0. New trends to follow are autonomous driving, artificial intelligence 

(AI), virtual reality, biotechnology, and improved human-machine interfaces. Just as the 

iPhone that was released in 2007 made the Internet tangible and touchable, we can 

conclude that the future lies in blurring the boundaries of the mentioned technologies. This 

is reflected in today's reality of how often people use modern phones to navigate their 

reality so that they are simultaneously in the physical world and in the virtual world. Human 

being has been extended by Ubiquitous computing. The computer presence is a 

prerequisite for computer penetration, e.g. the connection of all computers and thus the 

sensors, but the connection is not automatically given by the presence of the computer. 

This means that the change of perspective of the human-machine relationship in the 

twentieth century is obvious and needs to be reworked, especially as regards the 

circumstances of human ethical goals, as mentioned in the introduction. 

Therefore, Chapter 2.3 The IoT, Factor 4, and Industry 4.0 attempts to provide insight into 

these topics and the importance of our future urban centers. Overall, these developments 

                                                
63 Cf.: The transformation of something into a product that has monetary value. This can be goods, data, ideas, or 

even people. This has occurred by the adoption of the ideas of the 1960s by a few global players that has to be regarded 
as critical. 
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are wave-driven, as defined by the Russian economic scientist Nikolai Kondratjev. His cycle 

describes critical inventions which shaped the human world in a new way, such as the 

steam engine, chemistry, automobiles, and information technology. We are not stating 

that the CCL and the BrainBox as experimental prototypes create a new cycle, but it is 

important to acknowledge where we are and in which peak we locate the BrainBox. Each 

wave is driven by four key periods: prosperity, recession, depression, and improvement. 

According to today’s environment, one could state that we are in between improvement 

and at the start of a new wave, i.e., prosperity. What the novel wave might catalyse is not 

yet clear, but some people assert that this might be technological singularity. Basically, this 

would describe an AI that can optimise its own feedback, which would trigger a new stage 

of technological growth. Insights about these wave cycles can be found in Chapter 2.2 

Kondratiev Wave Cycle. It has been mentioned previously that we have created systems 

that made the Internet tangible and touchable, but what actually is such a system. Is it a 

cyber-physical system? Such cyber-physical systems (CPS) have had a deep impact on 

human evolution and its relation to physical and virtual space. It is worth considering this 

and describing what a CPS is. Details of, and insights into, these systems are provided in 

Chapter 2.4 Cyber-Physical Systems. Finally, all linked together, building kits are discussed 

in Chapter 2.5. These kits are linked to mass customisation and are today, with Industry 

4.0, more real than in the past. While, of course, mass production has been a reality for 

more than 200 years, we have to speak of today’s technologies considering serial 

production. With new technologies and robotic factories, new ways of mass customisation 

within serial production are feasible. In the academic context, these systems were worked 

out by students in relation to the urban gallery. Examples and the ideology are presented 

in this chapter. The outcome for students is a holistic planning approach. An awareness 

about production and the possibilities for architects and planners are critical, and should 

play an important role in the education of architects. 
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2.2 Kondratiev Wave Cycle 

 

2.2.1 Terminology 

 
5C Architecture – a guideline to develop cyber-physical systems, presented as a step-by-

step guide. The criteria of the 5C architecture are connection, conversion, cyber, cognition, 

and configuration. 

Centrifugal Governor – a specific device that controls the speed of steam engines, invented 

by James Watt. It is seen here as a narrative to the modern cell phone. 

Cyber-physical system – a device based on an algorithm that connects the Internet and its 

user to monitor or control something. It is based on 5C architecture. 

Kondratiev Wave – a wave rhythm or cycle of the wake of new technologies described by 

Nikolai Kondratiev. Each wave consists of prosperity, recession, depression, and 

improvement. 

 

2.2.2 Kondratiev Wave Cycle 

 

How is optimal participation possible with a strong, or human-like AI? This could be 

considered through the lens of the Kondratiev Wave, which constitutes a definite cycle 

lasting over 50 years, and comprises four stages. These four stages are prosperity, 

recession, depression, and improvement. If we can predict the realized form taken by each 

of these stages, we will be able to adapt well to what will happen and minimize the effects 

of recession and depression.  

Such a foresight is needed again if we want to create a desirable or planned future (Hancock 

& Bezold, 1994), if we look at the future cone or the Urban Gallery (chapter 3.3.2 Urban 

Gallery) in the CCL. The Kondratiev Wave (Mager, 1986) is a theory invented by the Soviet 

economist Nikolai Kondratiev based on long waves of approximately 50 years (Figure 43). 

Each peak of such a wave exhibits a major discovery in the world that dramatically changed 

the way that we live. It is also based on a true paradigm shift.64 Examples are the steam 

engine, the railway, automobiles, information technology, etc. Within each wave, there are 

                                                
64 Cf. Thomas Kuhn and / or Karl Popper on paradigm shift. 
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four steps: prosperity, recession, depression, and improvement that lead to a novel 

discovery. These four steps are also often referred to as the four seasons of such a wave 

cycle. The spring that relates to the phase of improvement (E) constitutes a phase with a 

good economic environment, rising inflation, and positive factors of production. After 

spring, the phase of summer relates to the phase of prosperity (P). The phase of prosperity 

has a hubristic peak war followed by societal doubts and double-digit inflation. In autumn, 

recession (R) and the action phase (P) lead to a financial correction and a credit boom that 

creates a false foundation of prosperity, which might end in a speculative bubble. This is 

the phase in which we are in at the moment. The last season, before the cycle starts again, 

is winter or depression (P). The excess capacity is compensated for by massive debt 

repudiation, commodity deflation, and economic depression (Quigley, 2012). 

We can assume that with the increase of computational capabilities, the Kondratiev Waves 

are getting shorter. We can look again here at Watts’ invention of the Centrifugal Governor 

that controlled the speed of a steam engine. Through this invention, it was possible to use 

steam engines, which was one of the first peaks mentioned by Kondratiev. Another such 

device is today’s smartphone. However, to enable the technology to work, we require a 

network. This is based on information technology that is one of the last peaks. If the waves 

become shorter, we can conclude that the actual phases are defined by the IoT and Industry 

4.0.  

 

This section thus concludes with the three major steps that are defined in the booklet 

“Industrial Internet: Pushing the Boundaries of Minds and Machines” (Evans & Annunziata), 

as the Industrial Revolution, the Internet Revolution, and the Industrial Internet. The 

pertinent question here is how these networks respond to each other. How is 

communication possible between real and virtual worlds between human beings and 

machines or vice versa? The provided evidence in this thesis demonstrates that 

digitalization effects the city. The core element is called a cyber-physical system (CPS). 

Ideally, these CPSs control the feedback of physical entities through positive feedback. They 

must be connected to a network that allows for a constant flow of data in real-time. 

Essentially, it is grounded in the so-called 5C architecture: connection, conversion, 
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cognition, cyber, and configuration. In detail, cyber-physical systems are described in 

Chapter 2.4. 

 

These 5Cs bridge the gap between software and hardware, i.e., they create an entity that 

processes data. Ideally, it should be feasible to engage with such a system in a simple 

manner. However, owing to the complexity of systems, this is the area in which most 

systems fail. 

 

 
Figure 43. Konratiev Wave Cycle and position of BrainBox. Re-drawn from www.kondratieffwavecycle.com. 

 

The CCL with the BrainBox as an experiment is located at the end of the phase of prosperity, 

which is close to a recession. This is due to the development of certain technologies that 

are now available. As seen in the case studies mentioned previously, the theory for such a 

system was developed decades earlier. We should note that a Kondratiev Wave Cycle is 

always connected to technologies, and this affects citizen.  
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2.2.3 Summary 

 
We live in an interesting time. According to Konratiev, we are currently at a peak of 

prosperity, which indicates that a new disruptive technology might be ahead. After the 

steam engine, electricity, nuclear power, etc., it now is IoT that is revolutionizing our way 

of life and production. Other technologies are certainly related to AI, e.g., singularity, 

virtual reality, biotechnology, autonomous driving, and improved human-machine 

interfaces. An awareness is required to respond as human beings to these novel 

technologies, and regarding what kinds of new business models could be generated. 

Overall, these technologies will immediately greatly affect our cities and the way that we 

live. Just as the Centrifugal Governor enabled the Industrial Revolution, these new 

technologies will create a new revolution. This is either the “Second Machine Age”, if we 

refer to Erik Brynjolfsson and Andrew McAfee (Brynjolfsson & McAfee, Second Machine 

Age: Work, Progress, and Prosperity in a Time of Brilliant Technologies, 2014) or the 

“Fourth Industrial Revolution” as pointed out by Klaus Schwab (Schwab, 2016). All named 

technologies were made possible by today’s information technologies. The BrainBox 

experiment is in the phase of prosperity; the next part in the cycle would then be the 

recession. Therefore, the CCL would operate in its full capacity and guides complex city 

issues.  

 

The following chapter highlights the IoT as a global basis for Industry 4.0. It elaborates on 

the idea of Factor 4 as an approach to cope with global warming. The concept of Factor 4.0 

is not feasible without implementation of Industry 4.0.  
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2.3 The Internet of Things, Factor 4, and Industry 4.0 

 

2.3.1 Terminology 

 
Art and Crafts 4.0 – a small manufacturer that uses computer-driven technologies to 

produce commodities. In general, the Internet is used as a marketplace to make the 

products accessible worldwide. Direct communication between production and consumer 

is feasible. 

Universal Basic Income (UBI) – a social construct in which all citizens have an income. In 

relation to AI and robotics that will make many current jobs obsolete, this constitutes a 

logical conclusion to create well-being. However, it is a term that is currently highly 

debated. 

Fabrication Laboratories (FabLab) – the locations of laboratories with machines to 

manufacture objects that are available in all cities and accessible to everyone who is 

interested. FabLabs are frequently organised as open networks. 

Factor 4 – an approach to cope with global problems by reducing resource and energy 

usage by 75 % through doubling output and halving the input of production. 

Industry 4.0 – this describes the current process of automation and AI within production 

facilities. It consists of cyber-physical systems, cloud computing, and IoT as the backbone. 

Internet of Things (IoT) – this is the connection of buildings, automobiles, phones, and 

computers through the Internet. Through this, objects can be censored and controlled over 

distance or by algorithms. 

Stakeholder – a person a group which has an interest in the result of a project. Often, 

stakeholders are entitled to guide the process of the production of a prototype. 

 

2.3.2 The Internet of Things, Factor 4, and Industry 4.0 

 

Current future city debates are under pressure from economic values. It is a reality that as 

the global population increases, so does polarised economic growth. Thus, the largest 600 

cities in the world are projected to be responsible for 65% of the global gross domestic 

product (GDP) growth from 2010 to 2025 (Dobbs, et al., 2012). In addition, greenhouse 

gases are increasing and forcing urban centers to implement sustainable strategies to 
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reduce these gases. Preferably, this can only be achieved by a more conscious lifestyle and 

novel technologies. The problem lies in the fact that all of these factors are driven by 

decreased budgets. Cities have budgetary constraints that then increase pressure to create 

solutions for these problems through novel business models. In addition to implementing 

cutting-edge technologies in the built reality, business models are needed. To support 

these new business models, Factor 4 offers a theory in which a network in the form of the 

IoT makes Industry 4.0 our daily reality. Throughout industrial history, the manufacturing 

industry was always closely related, and resulted in a thriving economy. 

 

At the current state of technology, certain buzzwords, such as the IoT, Factor 4 or Industry 

4.0 are becoming common terms. Thus, in the near future, all products, objects, and human 

beings will be equipped with sensors that will gather data, which will have positive and 

negative effects. As urban designers and architects, we are interested in what kinds of 

space are created through these new technologies. The space can be physical or virtual, 

seen or unseen. It nevertheless will link to networks and influence our behaviour. To 

illustrate this, one only needs to spend 10 minutes on a platform of a train station and 

observe how people spend time as they wait for the next train – using their smartphones 

or, in other words, engaging in this reality using a cyber-physical system. The human being 

is thus becoming determined. 

 

Another example is the new drill ground for the Bundeswehr in Schnoeggersgurg, Altmark 

in Germany. Schnoeggersburg is currently the most innovative urban backdrop city with 

complex infrastructure elements of modern cities in Europe. As urbanisation is an ongoing 

process, a strong need exists to test new weapons and adaptability of soldiers to such 

conditions. The Schnoeggersburg backdrop city was built for 140 million Euros on 65.000 

m2. It includes 500 buildings with an old town, high-rises, market places, bridges, subways, 

train stations, and 300 small buildings that include a slum, churches, a mosque, and a 

temple. What is astonishing about this project is that over 6,000 sensors and cameras were 

incorporated into the urban fabric. Theses sensors capture all movements, including 

automobiles, soldiers, and tanks. All movements, rifle shots and salve, 65  and tactical 

                                                
65 The shooting is simulated with laser technology. 
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behaviour can be analysed in 3D and guided in real-time (Oster, 2017). Schnoeggersburg 

acts as a prototypical example to show how humans and the city are sensed and being 

analysed. It is the application of Industry 4.0 in a social context, the outcome of which is 

tactical analysis as a product of military drills. Essentially, all is sensed, and can be traced 

or even optimized in real-time. 

 

We realise that these novel systems alter the physical space, and inhabitants are being 

determined. Therefore, the following question arises: How does the architecture appear 

and how does it relate to the human body if the architecture is an intelligent interface or 

artefact? This constitutes an important question, and we assume that this will not only lead 

to a transition in architecture and the building industry, but also a change in the political 

landscape. Indeed, power and governance might not lie with whichever political party is in 

power in the city, but rather with who owns the data. 

 

At this point, we address Factor 4 and Factor 10. The outline for Factor 10 is that humankind 

should reduce its resource turnover by 90% within the upcoming 30 to 50 years. This wave 

is exactly the timespan of a Kondratiev Wave (Mager, 1986). Factor 10 is a radical concept 

that is not possible for all countries, nor are all countries willing to try to achieve these 

goals, owing to the global political landscape or other circumstances. Thus, Factor 4 is a 

reduced, and less dramatic version that states that it is still feasible to tackle global 

warming and other related problems by reducing resource and energy usage by 75% 

through doubling output and halving the input of production, which would mean doubling 

prosperity using half of the resources. The idea of Factor 4 was introduced by von 

Weizsaecker, Lovins, and Lovins (von Weizsäcker, Lovins, & Lovins, 1997). The main concept 

here is that Factor 4 should be more easily accepted by politicians because it is less radical. 

 

This increase of productivity with fewer resources is only possible with Industry 4.0, which 

links to the concept of the IoT Industry 4.0 or the “Industrial Internet” (Evans & Annunziata) 

has its roots in computerised manufacturing processes. It describes conscious production 

methods enabled through networks, e.g., the “smart” factory. Experts project that Industry 

4.0 will become a reality in 10 to 20 years. Even today, however, certain companies (e.g., 
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Osram Berlin) have raised industry to this level. For example, production of Osram Xenon 

lights for the automobile industry is fully automatic. Specifically, most of the 250 

employees working at Osram to produce Xenon lights service machines that produce 50% 

of the world market of Xenon automobile lights (the other 50% are produced by Philips).66 

In order to reach the concept of Industry 4.0, we must automatize production processes 

with the assistance of sensors that measure and provide feedback that again are connected 

to IoT. Operators need to work with interfaces, such as smartphones, tablets and 

computers, or are even replaced by algorithms. There is no longer traditional “pen and 

paper” communication, i.e.,  information is sent in real-time as digital data that are then 

analysed and recorded. Fundamental to the concept of Industry 4.0 is that all is managed 

by an intelligent IT system that connects information, machines, and algorithms, i.e., 

humans. 

 

Therefore, Industry 4.0 is only possible through the extensive use of IoT, CPS, and increased 

computation for real-time data exchange for optimising manufacturing processes. Only 

through this process will higher production with fewer resources be obtainable. A more 

polemic description can be found in the book “The Second Machine Age” (Brynjolfsson & 

McAfee, 2014, pp. 6-7). Here, the authors refer to the Industrial Revolution, in which the 

steam engine, which was made feasible using the Centrifugal Governor, replaces muscle 

power. In consequence, the digital revolution, through the assistance of computational 

processes, is replaced or enhanced by brain power. Now, the combination of sensors, 

robotics, automation, and communication through IoT enables Industry 4.0 or the “Second 

Machine Age”.  

 

It is obvious that such a revolution that is currently underway has consequences for 

traditional jobs, such as workers in warehouses, messengers, and assembly line workers. 

In addition, highly qualified jobs, such as surgeons, will also experience consequences. For 

example, a growing number of surgeries are only possible through the assistance of 

                                                
66 This information was noted at a field trip in 2014 with students at the Technical University Berlin. The topic was 

mass customisation, and therefore we visited the OSRAM factories in Berlin to study the assembly lines. If architects might 
assert that this is not of importance for them, I would like to note that even Walter Gropius introduced an assembly line 
on the construction-site of the Bauhaus in Dessau. This is shown in Frederic Compain’s film “Le Bauhaus de Dessau“. When 
examining today’s reality, it is difficult to find a product that is not based on mass customisation. 
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robotics and sensors. It might be that, in the near future, certain jobs will no longer exist, 

but we should bear in mind that Industry 4.0 will also offer new jobs, perhaps even jobs 

that we have not previously considered. Some jobs that will disappear in the near future 

are sewer workers, watch repairers, radio operators, cashiers, etc. Jobs that are anticipated 

to remain are therapists, physicians, surgeons, curators, athletic trainers, etc. Additional 

details can be found in an interesting study by Carl Benedikt Frey and Michael A. Osborne 

from the University of Oxford entitled “The Future of Employment: How susceptible are jobs 

to computerisation?”. Frey and Osborne assert that: 

 

“As computerised cars are already being developed and the declining cost of sensors makes 

augmenting vehicles with advanced sensors increasingly cost-effective, the automation of 

transportation and logistics occupations is in line with the technological developments 

documented in the literature. Furthermore, algorithms for Big Data are already rapidly 

entering domains reliant on storing or accessing information, making it equally intuitive 

that office and administrative support occupations will be subject to computerisation.” 

(Frey & Osborne, 2013, p. 38). 

 

Positive prospects also constitute Art and Crafts 4.0, such as 3D printing facilities organised 

over hubs with instant delivery to the customer, which is a common reality today. In fact, 

a physical store is often no longer necessary. One can see that frequently companies still 

have a physical store to communicate more optimally with clients, but they also have an 

online store where products are manufactured when ordered. Fabrication laboratories 

(FabLab’s) are available in all urban centers and accessible to everyone who is interested. 

To optimise production, they have created a distributed network of users to whom they 

offer their machines. 67  In addition, FabLab’s often offer courses to share knowledge 

regarding new modes of production. In addition, IoT and Industry 4.0 open novel ways of 

communication between the facilities of production and stakeholders. The concept that 

objects are developed, designed, built, and sold by one company is inadequate today. As 

an example, we can examine the large German automobile manufacturing companies. New 

automobiles are developed somewhere else, where small structures allow more freedom 

                                                
67 Cf. Website www.3dHubs.com. 
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in design. The problem is that these do not have production lines that can ensure the 

quality required for such a mass product, nor a metabolic network of resources required to 

produce 3,800 automobiles a day within a city (Kruse, 2014). Therefore, traditional 

automobile manufacturers are companies with an understanding of how to build 

automobiles and should themselves be seen in today’s context as service providers.68 

  

The logical consequence is that we, as architects and planners, should be aware of this 

process, not in the sense of novel planning regulations for robotic factories, but rather in 

the results for a new urban landscape and architecture. New jobs require new architecture. 

Mass customised products enable new design, cost effective variety, control, etc.69 This is 

the reason why building kits play an essential role in the education of an architect, which is 

described in Chapter 2.4. 

  

The CCL will act in a participative manner in this revolution. As the interactive table shows 

connections between prototypes, stakeholders, ideas and companies, people can sketch 

their novel concepts for jobs on cards and see how these might fit in the current urban 

landscape. Who are the companies to approach and what are the requirements for a novel 

service within a city? With Industry 4.0, new ways of production are open, and it is 

important that we react to this and not wait for final decisions. Some people are very 

sceptical about this revolution because a lot of people will be unemployed. However, as 

mentioned previously, a revolution is only successful with a positive attitude.  

 

The problem which arises out of the context of automation and artificial intelligence is the 

idea of a basic income. The Universal Basic Income (UBI) is a socio-political financial transfer 

concept, according to which every citizen receives an equivalent state contribution as state 

aid, without having to pay anything. UBI is a growing idea with numerous advantages and 

disadvantages. In general, this concept is probably a good one, but cannot be afforded at 

the current time. Critique to the UBI exists. With a UBI, however, a risk exists that it will 

become an industrial donation serving only to combat poverty (Schwartz, 2010). We 

                                                
68 Tesla is the only manufacturer who has all stages of development within one company, but only time can tell if this 

will lead to success. Perhaps, the ideal way would be to license the technology. 
69 Today we speak about mass customisation, and no longer about mass production. 
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should. however, think about a solution for the world in the near future where robots will 

do most of the physical labour. For example, digital transformation of the workplace will 

certainly make many jobs obsolete, and indeed this process is already in progress. Robots 

will make people redundant in numerous functions, and unemployment should rise 

steadily as a result. Martin Ford addresses this topic in his book, The Rise of the Robots 

(Ford, 2015).70 David H. Freedman states, in his essay “Basic Income: A Sell-out of the 

American Dream”:  

 

“Combine the concern about AI-driven job displacement through radically new approaches, 

and it is not surprising that the idea of a basic income has become Silicon Valley’s latest 

obsession.” (Freedman, 2016, p. 52). 

 

Some people already assert that companies should pay social security taxes for robots. This 

might be a radical idea, but on the other hand, a good step to finance basic income in the 

future. However, as this topic evolves, it is important to realise that the landscape of 

production is changing and that we should think about people who will become 

unemployed by this process. We must also develop a strategy for how to respond to this. 

Basic income might be the first step, but the real problem-solving concept is probably 

education in research in new sectors. A minimum rate of beings to robots could also be a 

solution. In addition, novel business concepts must be promoted, and this is already being 

accomplished today. These solutions can exist only at the political level, creating a timeless 

and enduring policy, i.e., the architectural solutions within the city shou0ld promote space 

for such novel business models, as well as testing grounds to determine if such ideas will 

work and be accepted by the citizens. The new environment in which citizens live must 

become tangible and touchable, and the physical and the virtual world should merge in a 

new self-evident consciousness.  

 

 

 

 

                                                
70 For a detailed discussion I would like to refer to the introduction “Ethics, AI, and Human Beings”. 



	

	 141 

2.3.3 Summary 

 
In the near future, certain jobs will become obsolete. This is due to the fact that robotics, 

new ways of production, and AI will replace workers. However, these technologies optimise 

resources and production methods. As observed in history, we can also conclude that novel 

technologies always offer new jobs. Sixty years ago, no one had an idea what an IT manager 

was, nor could people foresee the impact of the smartphone and novel business models 

arising from this technology. As the entire economy is under pressure from global warming 

caused by greenhouse gases, we should admit that only a new consciousness in 

combination with technology and intelligent policies can solve this problem. As we are in a 

phase of transition, we need to identify how we can create a buffer for society, as the 

evolution of AI and robotics is faster than the adaptation of mankind. Here, the concept of 

a basic income is necessary to create a space and time in which people can adapt without 

being in a financial crisis that might lead to a negative result. As mentioned previously, a 

revolution is only possible with a positive attitude. Very frequently, one can see that this 

adaptation is already occurring, as shown in the Arts and Crafts 4.0 movement.  

 

To access the process that offered by IoT and Industry 4.0, cyber-physical systems are 

needed. What a CPS is, how it works, and the effect on our society is elaborated on in the 

following Chapter 2.4 Cyber-Physical Systems. Probably, most citizens have never heard of 

CPS, but it already affects their everyday lives. Indeed, digital communication in no longer 

imaginable without the use of CPS. 
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2.4 Cyber-Physical Systems 

 

2.4.1 Terminology 

 
Communication technologies – a part of information and communication technologies 

(ICT). ICT is an integral part of future cities. It is convergence of existing communication 

networks with computation as a holistic system. 

Modality – a path or channel in which data are transmitted between sender and receiver; 

or, in terms of cities, new ways of transportation. 

Pervasive networks – links to ubiquitous computing; networks that are all of the time 

everywhere accessible with phones, laptops, and other wearable devices. 

Transcendent data – Uncategorized recorded data stored for future purposes. As data are 

everywhere present in the universe, technology enables us to record these data. This is the 

case even if there is no requirement at the moment, because algorithms will evolve in the 

future. 

 

2.4.2 Cyber-Physical Systems 

 
We can proclaim, in line with actual data, that 66% of the world’s population will live in 

cities by 2050 (United_Nations, 2014). Urban centers of the future are integrating 

increasing amounts of information and communication technologies. To interact with 

these networks, CPS are critical. A CPS is a feedback mechanism that can interact with 

humans through numerous new modalities. They enable interaction and expand the 

capabilities of the physical world using computation (Baheti & Gill, 2016). Industry 4.0 is 

based on cyber-physical systems as a new form of manufacturing in which cyberspace 

meets reality. It emphasizes intuitive communication between intelligent machines of 

production and variety, based on individualism.  This can be seen in current trends, such as 

autonomous driving, autopilots of aeroplanes, or simply by the daily use of smartphones 

to interact with cyberspace. Cyber-physical devices facilitate access to pervasive networks 

and constitute the foundation of Industry 4.0, autonomous driving, and new modalities of 

communication. They enable 24-hour access for citizens to all kinds of information and data 

sets, and empower feedback from cyberspace in a continuous loop. 
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The technique of modelling design paradigms is not novel, as has been indicated previously 

with reference to Cybersyn and the International Biological Program. What has changed, 

though, is the size and power of computational elements, as well as the sensing 

technologies and the ability of pervasive network technologies. Therefore, a CPS can 

provide feed-in in real-time to multiple scales, networks, and data according to need. A 

simple desktop computer is not a CPS or a sensor network that delivers the data. It concerns 

the integration of all of these technologies to an intelligent cluster that can be interacted 

with by humans. 

All CPS are based on a five-level architecture that is very well defined in a paper entitled “A 

Cyber-Physical System architecture for Industry 4.0-based manufacturing systems” (Lee, 

Bagheri, & Kao). These levels are connection, conversion, cyber, cognition, and 

configuration. Connection ensures an established link to the local data server. Conversion 

relates to sensory data, such as wind, heat, noise, speed, etc., and data from machines, 

such as level data. The cyber level links data from the conversion to standards according to 

mechanic behaviour or other values, such as adaptive health assessments. The cognition 

level verifies the results according to its given code, such as product quality reasoning or 

machine components and their quality and condition. It sets the boundaries for the needs 

for positive feedback. The last level, configuration, concerns the action of the output of the 

previous levels. This can be self-adjustable prognostics and health management, self-

optimised machine tools from efficiency requirements, or suggestions for improving asset 

lifetime and product quality (Lee, Bagheri, & Kao). Current applications are seen in health 

care, home monitoring, and national power grids. Moreover, the production of Xenon 

lights at Osram Berlin, which is set to Industry 4.0, uses CPS. Machines read through sensors 

whether certain product values do not match the standard and react to needs to ensure 

high product quality. 

 

Therefore, an interesting question might be how CPS can be introduced into urban planning 

to ensure the quality of multiple decisions, such as creating health for citizens and ethical 

values. The proposed CCL is an attempt to achieve this. Such a cyber-concept is 

transforming the manner in which we interact with the physical world. This might seem 
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futuristic and currently limited by the transcendent data71 that we can achieve for such a 

complex term, such as urban planning, but in the future it will be reality, just as the Internet 

transformed how humans interact with each other.72 To visualise this example better, we 

can think about an operating theatre in a hospital, in which the patient on the table 

represents a city. The idea of transforming the city into a human being anchors 

automatically ethical values. The city is no longer an absurd object, but a human being. 

Machines enable an open-loop control of blood pressure, heartbeat, lung activity, etc. In 

fact, most organs can even be controlled by machines to keep the body alive during an 

operation or, in case of an emergency, trigger an alarm. According to the visualisation of 

the data sets perceived by the body, the surgeon can make fast decisions to keep the 

patient alive. It is possible that in the future the CPS will be guiding robots for microsurgery, 

or at least act as direct interfaces. However, even with all of the gathered data and 

feedback control by the CPSs, we still have a complex organism, i.e., the patient, that is 

continually experiencing novel kinds of random variation. Nevertheless, we always should 

ask: Who is in control? 

 

That's why Lucius Burckhardt, a Swiss sociologist and economist, rightly asks in 1974: who 

plans the planning? (Burckhardt, 2017 (*1974)) This question is meant to point out that 

planning does not happen in isolation, but that it is conditioned by the policy that it is 

suspended in a social system. However, we must say that his essay was probably written 

with an Ideology influenced 68 movement, but perhaps the essence is still valid today. In a 

commentary by Wolf Reuter on the paper by Burckhardt, however, it is about an interesting 

connection to Horst Rittel (Reuter, 2017). According to Reuter, Burckhardt met Rittel in 

1959 at the renowned College of Design (HfG) in Ulm, which cultivated a lifelong friendship 

and certified that it had shaped a whole generation of planners. His 1969/73 results, 

according to which all plans were political, or, as part of their famous wicked problems, 

there is no definitive formulation of a planning problem and the explanation of the problem 

they have chosen determines the solution that leads to the same position. Burckhardt's 

                                                
71 Noted from Arne Einewoche at the Future Science Workshop M2C – City University of Applied Sciences Bremen, 

(accessed 17/07/18). 
72 A helpful source is a lecture by Krogh, Bruce H. of the Carnegie Mellon University called: Cyber-physical systems: 

The Need for New Models and Design Paradigms. 
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criticism of the training of city planners and architects is that they are not suitable for such 

a task because of their training in complexity reduction and intuitive solution tactics. This 

is indeed an interesting comment, since the idea of the CCL is that it creates an awareness 

of the complexity and its relationship to the city, and that the CCL can help overcome this 

complexity. In context to the CCL, the feedback of the CPS is made visible and influences 

decision processes on the interactive table. The team in the CCL has a duty to act in 

accordance with its knowledge and ethical values shaped by the information gained from 

the systems to produce positive decisions. On a larger scale, consider the process of the 

Rio de Janeiro IBM Operations Center. In this case, we must admit that, in this command 

center, no real citizen participation is occurring, and that the interface can only be guided 

by specialists, i.e., specialists that are regarded as urban surgeons. If also the Rio de Janeiro 

IBM Operations Center is always used in a friendly way, i.e. ethical values, is not clear. 

 

The 5-level architecture of CPS works with the CCL as follows:  

 

The connection is set to sensors and data linked to the environment, but mostly they feed 

into the database of the urban gallery. Then, the conversion occurs on an interactive table, 

in which links are created to projects which enable synergy.  This synergy is established by 

the actors, as well by the recorded history of actions. The comprehensive use of the 

interactive table and the review of the recorded history enrich the possibilities of future 

actions. The cyber level compares the prototypes and operational fields. The results are 

shown within the visualised urban gallery, from mini- scenarios to prototypes. Once 

visualised, the actors can modify the results or optimise these with new cards in a 

negotiation process. This is called the “cognition level”. Finally, the last step is the 

configuration level. Here, the supervisory control leads to required actions. This process 

occurs in real-time, while the action or the consequence of the required actions takes time. 

If the result is that certain companies have to work together to optimise the energetic 

output of a certain prototype, it is obvious that such a process needs time. Thus, one can 

view the CCL (BrainBox) as a CPS that responds to real-time data and provides instructions 

about planning actions. This leads to a planning tool with participative user control. Actions 

provided by the logic of the system must be verified by the users. This constitutes an 
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important step because planning of the built environment should use certain data and 

computerised processes, but should not be totally automated. It might be feasible to 

achieve this in the near future, but we should be aware that such actions should always be 

supervised by human beings.  

 

 

2.4.3 Summary 

 
CPS are based on 5C architecture: connection, conversion, cyber, cognition, and 

configuration. Not so long ago, citizens had to rely on newspapers to receive news; today, 

this is achieved within seconds through CPSs, such as smartphones. This approach also 

enables constant feedback to algorithms about movement patterns and traffic flows. They 

can steer automobiles and can even detect speed if the data relate to citizen. Indeed, 

today’s automobile-sharing companies would not be possible without CPS. Clusters can 

detect if passengers are on the subway, bus, located at demonstrations, etc. Social 

networks can connect people by using the location service of today’s phones within a 

certain radius. Therefore, a control algorithm always has access to these data to manage 

the complexity of a city and to solve problems. 

  

The same approach is also used in Industry 4.0 in relation to objects. Algorithms can 

optimise the flow of goods using CPS. In addition, the environment can be measured. 

Certain results from surveys that took, in the past, days, months or even years, can now be 

computed in nearly real-time. These results can then be shown immediately and utilized 

for decisions processes. Therefore, CPS are required in today’s cities to create a platform 

for faster and more accurate decisions. Currently, human participation is optimised using 

sensors within a CPS. To manipulate the sensors, the users must have advanced skills in 

programming – which most of us do not possess. However, this raises the following 

question: If the code is written beforehand in such a way that it generates data which are 

not in line with the real data, how does it then perform? In such a case, it is the producer’s 

responsibility to ensure the integrity of the data and to establish trust, which again is not 

feasible for most of us. Therefore, it is the responsibility of the user of the data to make 
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certain that this is correct. Either way, this leads to a new consciousness of the citizen if he 

or she is aware of how to use the feedback with certain software or novel ways to guide 

the city. They enable ways to record history to analyse where failures were made, and 

hopefully to avoid them in the future by using positive feedback from these mistakes. This 

can be accomplished by humans or through the use of AI, with AI of course being faster to 

analyse data sets from the past.  
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 2.5 Building Kits and Building Information Modelling 

 

2.5.1 Terminology 

 
Building Information Modelling (BIM) – this constitutes an intelligent, 3D model-based 

process that provides planners with information for efficient planning, construction, and 

management of buildings and infrastructure. 

Building Kit – a building kit (BK) is the basis for an investigation of a composition of function-

oriented patterns and their application in the realisation of a prototype. It is an outline of 

(modular) components required to realise an object.  

Hybrid programming – Programming is essential to architectural design. Hybrid 

programming constitutes the mixing of use and embraces the multiplicity of modern life. 

Housing, commercial zones, power plants, cloud storages, and urban farms can merge in 

new forms of buildings. Even industry with Industry 4.0 can be next to housing, as long as 

emissions are within policy guidelines. 

Mass customisation – Mass customisation or serial production is an essential goal of 

Industry 4.0. It is based on the concept of mass production, but with the possibility to create 

products that are user-driven. Such an individualism was not feasible in mass production. 

Industry 4.0 mass customisation constitutes a more accurate description. 

 
 

2.5.2 Building Kits and Building Information Modelling 

 

Since the advent of the first machine age, architecture and urban design have been 

subjected to massive changes resulting from technical development, on the one hand, and 

political-economic circumstances on the other (Benham, 1980). Construction of mass 

housing for factory workers at the end of the 19th century was one milestone, followed by 

the application of reinforced concrete in the beginning of the 20th century. This latter 

invention led to a stylistic minimalism and modernism; more importantly, though, it 

resulted in a convergence of architecture, technology, and the producing industries. Post-

second World War, mass produced modular housing projects culminated in the emergence 

of suburbia in the U.S., and the grand housing estates in Paris, London, and Berlin in the 
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1960s and 1970s, which were discovered later to have caused great problems. Housing, 

culture, human interaction, and advancing technologies transformed this radical way of 

urban planning to a rather sensitive manner of urban design, in recent years strongly 

influenced by so-called “bottom-up” design strategies and the convergence of hard 

technologies and soft environments. This new way of urban design within the second 

machine age in synergy with Industry 4.0 enabled “hybrid programming”, which also 

resulted from a strong desire for densification within urban centers. Therefore, in the 

future, we will not separate housing and commercial zones. It will be far more feasible to 

create power plants, energy storage units, etc., within housing, commercial areas, 

hospitals, and even factories. In fact, most airports have also become shopping malls. In 

addition, modern factories built on Industry 4.0 are often low in CO2 emissions, noise 

pollution, and waste, which allows them to be integrated in urban contexts. Factories can 

also be turned into public spaces, in which citizens can learn about these processes and 

participate in them. Factories within cities, especially for building kits, will reduce the 

logistic distances that, on the one hand, not only accelerate the construction process, but 

also reduce CO2 emissions on the other. Nevertheless, a physical algorithm is required to 

cope with this problem. An algorithm is needed based on a building kit, i.e., a catalogue of 

elements that can be produced in mass customization processes. 

 

However, what is a building kit (BK)? A building kit is the basis for an investigation of a 

composition of function-oriented patterns and their application in the realisation of a 

prototype in terms of mass customisation. 

 

For example, formal language which was originally designed for aeronautics considers 

many factors, such as wind, stiffness, and radar radiation. It is of importance that these 

elements can be produced by industry, under circumstances of Industry 4.0 and IoT. In the 

history of architecture, there are many examples that illustrate how architects were 

inspired by industry, such as Buckminster Fuller and his “Dymaxion Houses” (1933), Charles 

and Ray Eames “Eames House” (1949), Constant’s “New Babylon” (1959-1974), Ron 

Herron’s “Walking City” (1964), Eric Owen Moss’s “Stealth Building” (2002), and the 
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“Centre Georges Pompidou” designed by Richard Rogers and Renzo Piano in 197773, just to 

name a few. If we deepen the example about the Dymaxion Houses, while concentrating 

on the Wichita House, designed by Fuller in the 1930s, one can see in this a perfect 

symbiosis to link mass production, industry, and architecture to address the problems of 

housing crises, as well as to examine the building techniques in their time. Fuller developed 

his own version of a “house” by adapting the style of grain bins that he observed in 1927. 

The first designs of the Dymaxion Houses were mobile and more simplistic. Hundreds of 

them were commissioned by the U.S. Army and then sent to the Persian Gulf. It is important 

to note that Fuller was unimpressed by technological innovations. He was far more affected  

by the structural form that had been well tested to achieve cost-effective and fast 

production. The Dymaxion House was based on a pre-manufactured kit, from the house 

itself and a bathroom that was then assembled on site. As the houses were produced in 

aircraft factories, as shown in Figure 44, it was the logical choice to use aluminium as the 

main material. Moreover, aluminium is also lightweight and offers long-term durability. 

Perhaps Buckminster’s involvement with the army again played a role because it is usually 

quite difficult to access such production lines. It would be like asking Tesla or VW to use 

their technology and robots for housing. Normally, architects do not have access to such 

advanced production lines, which is an issue that probably needs to be addressed in the 

future.  

At the time, aluminium was not actually a common material for housing, but it was used in 

the automobile and plane industry. As aluminium constitutes an energy-intensive material, 

Buckminster received a lot of criticism for advocating for its use. Currently, aluminium is a 

common material in architecture, and one can see how Fuller was years ahead of his time 

with his choice of material and mode of production. Figure 45 reveals how certain modules 

for the house were produced with moulding machines that also enabled a round form. In 

addition, as stated earlier, it was probably Fuller’s wish to stay close to the tested form of 

grain bins.  

 

 

                                                
73 Insight in this project and why these architects won the competitions is provided in a documentary by the TV 

Channel Arte, Architecture Collection – Episode 05: Renzo Piano & Richard Rogers – Georges Pompidou Centre. See also 
Nathan Silver’s book “The Making of Beaubourg”. 
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Figure 44. Production of the Wichita House within an aircraft factory. Courtesy of The Estate of R. Buckminster 

Fuller. 
 

However, we have to note that the houses were developed in factories as building kits, 

composed of the house and a bathroom, but have not been actually industrially-built. It 

was physical man-power to use the machines that created tension between Fuller as 

perfectionist, and the first built prototypes, as there was a lack of accurateness by the 

human workers. Currently, such tasks are accomplished by robots, at a faster rate and even 

higher accuracy. What we can learn from this example is that we not only need to examine 

the possibilities of serial production, but the development of new materials. In the future, 

architects will need new materials. The current problem is that, frequently, material 

scientists are not architecturally-minded, and thus we require collaboration. In a lecture at 

Nottingham University in 1973, Richard Buckminster Fuller pointed out that we must be 

responsible with materials, as they belong to all of us.74 While this is an insightful and 

logical statement, the critique about using aluminium in the housing industry as a main  

                                                
74 Watson, Phil; personal note in the lecture, 1973 (personal communication 17/12/06). 
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Figure 45. Human operating a mould for components of the Wichita House. Courtesy of The Estate of R. 

Buckminster Fuller. 
 

structural component is legitimate. The early versions of the Dymaxion Houses, i.e., simple 

military cabins, were built and shipped over one hundred times; however, only two 

prototypes of the actual house exist. In fact, they were never released into the market. One 

prototype was bought by investor William Graham, who placed the house on his lakeside 

property. Graham did little modifications to the house, and most images in the context of 

the environment are from this prototype. Currently, we are considering Industry 4.0 (cf. 

Chapter 2.3), in which the tools, i.e., software and hardware, enable a greater variety and 

a higher precision of design.75 Both were tested by Fuller decades ago, but of course at a 

different time and with specific limitations. Nevertheless, we can learn from this 

extraordinary example about how we should think about housing solutions in the future. 

Clearly, they need to be based on logical and effective building kits that can be produced 

                                                
75 Cf. https://en.wikipedia.org/wiki/Dymaxion_house (accessed 17/12/06). 
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via serial production. They must also be optimized in a way that as few resources are used 

as possible. The Wichita House, considered in today’s context, was an experimental 

prototype. Today, however, we would be able to produce it like an aircraft with machines. 

Even Le Corbusier, in 1927 in book “Towards a new architecture”, wrote: 

 

“The problem of the house is a problem of the epoch. The equilibrium of society to-day 

depends on it. Architecture has for its first duty, in this period of renewal that of bringing 

about a revision of values, a revision of the constituent elements of the house. Mass-

production is based on analysis and experiment.” (Corbusier, 1927, p. 210). 

 

Corbusier was absolutely correct approximately 90 years ago, and we see here again that 

certain problems have not changed. This is especially true if we examine today’s housing 

crisis in metropolitan’s cities. Berlin, for example, needs approximately 120,000 housing 

units until 2020 to cope with this crisis. In addition, the Senate Department for Urban 

Development and Environment of Berlin predicts 266,000 more housing units will be 

needed until 2030. This is task is impossible, even if politicians would support it directly by 

new land-use areas that can be planned in the future. This enormous number of units can 

only be realized by serial production based on building kits and Industry 4.0. Therefore, 

Corbusier was speaking about mass production in which we have mass customization, a 

process that enables higher quality and variety. Nevertheless, the same social problems 

exist. This would be mainly based on political and social decisions that could only be solved 

through participation. An attempt to accomplish this will be analysed in the Berlin Buch 

workshop in Chapter 3.7. 

 

In addition, a new awareness regarding these urbanization processes needs to be raised 

for young architects and urban planners. Therefore, students within the “City Making” 

studio at the Technical University Berlin were asked to design a building kit in connection 

with a production line for Conscious City planning with the goal to widely disseminate its 

impact (Figure 46). The building kit should reflect cutting-edge technologies of modern 

serial production and proactive solutions, as well as social and political elements.  
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The task was firstly to develop the building kit and a production line with the entire studio 

that could then be applied to the prototypes to present the case of the production of hybrid 

programming systems and advanced digital manufacturing (Figure 47). The prototypes are 

designs that were developed in each group.  

 

The aim of the project was to link the current smart city strategy, which embraces 

emergent technologies and addresses novel directions in democracy, healthcare, mobility, 

job creation and greenhouse gas reduction, to the urgent problem of a growing city that 

needs new buildings, integrated systems, and space that would continuously feedback to 

each other. The result was a production system with knowledgeable integration of digital 

communication and information transfer. The students learned by design how IoT and 

Industry 4.0 are affecting the urban space, the integration of architectural heritage and the 

digital age, and the processes of mass customization in relation to the building kits.76 

Reality is that nearly all physical elements are based on such processes.  

 

This novel generated awareness is of importance in the education of young architects 

today. In times of digital mass customisation, the subject of “modules and their 

composition” is not only interesting, but plays an integral part in the basic understanding 

for architects. Thus, the results lead to complex metabolic diagrams within the production 

framework. Diagrams are essentially operational devices that transform matter 

(Bunschoten, Public Spaces, 2002, p. 5). In the case of the BK, traditional materials are often 

extended with modern technologies. Since the material has embedded intelligence by 

nature, this can be improved by sensors to enable feedback distributed by pervasive 

networks. 

 

                                                
76 Cf.: MA / BA Brief City Making WS2017 by Dietmar Koering / Chora at Technical University Berlin. 
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Figure 46. Implementation of a building kit at Tempelhofer Field, Berlin, Germany. Student work of MA Studio; 

Claudia Cortez, Edgar Verde, Floortje van Sandick, and Milja Hartikainen. © CHORA 2014. 
 

The question that arises here is how a prototype is represented as a building kit and its 

evolution through the urban gallery. Prototypes constitute an organisation of programmes 

in a new manner. They can be buildings, a network, or a growing structure that determines 

the strategy of an action plan and thus the development of a classical master plan. The 

modules and their behaviours are influenced by a variety of factors, such as production 

methods, and parameters related to transportation and shipping, especially the 

intelligence of individual parts and their ability to be connected in an orderly arrangement. 

It is similar to the characteristics of a Fibonacci-based arrangement, i.e., like the core of a 

sunflower or a Romanesco broccoli up to an indiscriminate form of coral reef-based 

components that dominate our built reality.77 Therefore, the built environment that we 

perceive as individual to construct our own reality follows a certain logic. 

 

                                                
77 Parts of this text link to a module description developed for students at the Technical University Berlin and TU 

Innsbruck in 2014, 2015, 2016 and 2017 by the Author. 
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In the future, we could see such a building kit included in the urban gallery. At the current 

state, the development of the urban gallery is not sufficiently advanced to include building 

kits in the database for real-time planning decisions. However, certain attempts were made 

within the environment of building information modelling (BIM). BIM plays a growing role 

in the architectural planning environment, and revolutionised the construction industry. 

Certain processes and the control of costs within large projects are only currently possible 

by using BIM technologies. The development of BIM technology has a profound impact on 

the planning processes.  

 

A critique of BIM is that expensive software is required, as well as a specialist, in order to 

use it efficiently. These extra financial and time costs are frequently too high for relatively 

new offices. Currently, certain architectural competitions require a BIM analysis of the 

submitted design proposal, which again causes new offices to be excluded from such 

competitions. 

  

However, BIM does offer solutions and controls that should be conceived in the planning 

process at certain stages. Nevertheless, what must be changed is access through an easy-

to-understand interface. Ideally, such a process is needed within the urban planning 

environment. Currently, a holistic urban planning tool which includes BIM is not on the 

market. 
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Figure 47. Exemplary building kit. Student work of MA Studio. Tobias Birkefeld, Laura Buendia, Ines Dobosic, 

and Young-Bok Kim. © CHORA 2012. 
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2.5.3 Summary 

 
Building kits are systems which interconnect singular parts with modern ways of mass 

customisation to reduce costs, improve quality, and overall raise a new consciousness in 

students within academic environments. They are required to develop an understanding 

of today’s production methods. By using Industry 4.0 methods, defective elements can be 

tracked through recorded history and then replaced. In fact, even delivery can be tracked 

to ensure cost-effective timing and construction on-site. Often, people fear the lack of 

creativity, but the opposite is true. Mass customisation allows novel ways of construction 

within the field of the architect and urban planner. In addition, nearly all “things” are 

produced through the assistance of machines. This could be a pen, cup, jumper, table, door, 

window, columns, entire façade elements, or even buildings. The only distinction that 

should be made is if objects are constructed on-site or within factories. 

 

 

Buildings kits constitute architectural elements that create urban spaces. They should 

support energy-efficient design and well-being for the city. The use of BK in the academic 

context and the laboratory generates an awareness of cutting-edge technologies and 

production methods. Ideally, an AI will assist in the future to make faster decisions in 

production methods and link companies together for further communication within the 

production line. Thus, they are an integral part of the CCL. 
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PART III – The BrainBox 

 
 

3.1 Introduction to Part III 

 
Chapter 3 describes the BrainBox78 experiments, the evaluation of the prototypes, and the 

outcome. The BrainBox as a prototype is a novel approach to climate change mitigation 

and adaptation, as well as a participatory agora for urban planning to curate urbanism. 

Preferably, it should make the Conscious City visible. Why such a tool is important today is 

elaborated on in Chapter 3.2 Claim for BrainBox. The general function is that a selected 

team will discuss scenarios within the BrainBox which lead to marketable products, and are 

incorporated in a data architecture, solutions, and workflows for different use cases. The 

results are always visible to the team and to visitors. This enables real-time feedback to 

optimise the products and to increase consciousness. The methodology has been 

translated into a software, called urban gallery (UG), which is a knowledge-management 

tool. The UG works as a navigator to move between the domains of meta- and cyber-space. 

Both the BrainBox and the UG are open systems that constantly communicate through 

feedback to enable co-evolving city scenarios. The BrainBox, UG, and the physical location 

form a symbiosis as the CCL. This is described in detail in Chapter 3.3. Technical Set-up and 

General Functioning. This chapter is subdivided into 3.3.1 BrainBox and 3.3.2 Urban Gallery, 

which also briefly address the history behind these terms. The UG in its full capacity is 

described in the Urban Gallery Reader, authored by Dr. Tomaz Pipan, which can be found 

on the Chora Website at the Technical University Berlin. Chapter 3.4 Dynamics highlights 

the context of system dynamics, a methodology founded by Jay W. Forrester in reference 

to the BrainBox and the UG. The methodology of system dynamics relates to the non-linear 

behaviour of complex systems in relation to time. Forrester himself adapted it to urban 

dynamics or city modelling according to the “Forrester Type”. Since urban centers are 

complex systems, knowledge about a science that addresses the complexity issues may be 

useful. Nevertheless, there are many ways to deal with complexity, but in this context we 

                                                
78 As Since the name was legally changed from BrainBox to Conscious City Lab in 2016, this chapter still refers to 
BrainBox, as that was the name of the experience at the time. 
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consider system dynamics, beside the critique (Schoenebeck, 1975), as an early way to 

simulate complex realities. Chapter 3.5 focuses on the interface through which users of the 

BrainBox interact with the software, and how it is possible to receive real-time feedback 

from the computation. As will be seen, it is not always possible to have a full version of the 

BrainBox ready, as the set-up requires time. For this reason, several sizes of the prototype 

are available, including the smallest version, which is a scenario game without 

computation. The smallest version has been tested, and the proof-of-concept can be seen 

in Chapter 3.7.  With these approaches, the BrainBox can be adapted to any location. The 

size and adaption of the BrainBox are further elaborated on in Chapter 3.6 Scalability, 

subdivided into four versions and leads to Chapter 3.8 States of Being. Chapter 3.9 

describes the actual prototypes that were constructed over a period of three years. 

Chapters 3.9.1, 3.9.2, and 3.9.3.1 refer to this. Chapter 3.9.3.2 describes in detail problems 

during construction, feedback, and how the BrainBox could be optimised for use. Chapter 

3.9.4 evaluates the performed surveys, and incorporates feedback and the learned lessons 

to update the prototype within the given budget. As the last survey was quite advanced, 

this chapter is divided in 3.9.4.1 for years 2014 and 2015, and 3.9.4.2 for the final set-up in 

relation to this thesis in 2016. 

 

 
3.2 Claim for BrainBox  
 

Current feedback-related real-time urban planning tools are very detailed and technical, 

requiring great specialist knowledge to be operated. They provide an in-depth and specific 

analysis that can be turned into scenarios.79  However, although the results are exact, 

modelling of scenarios requires a long time and much effort, and thus are largely 

inaccessible to non-professionals. In addition, these systems are highly expensive for 

cities.80 These reasons explain why these tools have not yet been widely utilized, even 

though the desire of politicians to use them has been present since the 1970s.81 The rapid 

pace of development in mega-cities and high-density urbanised areas cannot wait for the 

                                                
79 Cf. Rio Operations Center. 
80 Cf. Figures 26, 27 and 28. 
81 Cf. Cybernetisc and the CityHall; Cybersyn. 
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slow and rigorous facilitation of the quantitative material to predict and control planning. 

We thus must create fast and responsive models on which strategic decision-making would 

be based. The speed of development requires a system that is light, reactive, and can adapt 

in real-time to new conditions in the city. It must also blur the borders between “soft data” 

and the “human factor” for novel synergetic solutions. The human factor, hence human 

being, who needs to be in control, enables the integration of ethic, psychic, cognitive, 

neural, and social factors that should be reflected even in the development of AI. As AI will 

be part of such a system, it is necessary to imbed ethical values, if it empowers employees 

to make use of enormous amounts of data to make better decisions based on feedback. 

Such kinds of systems cannot, however, operate on detailed information, as is the case 

with, for example, the Rio Operations Center (Centro de Operacoes Rio). We need a 

generalist dynamic tool that operates with lighter data, and is therefore both more supple 

and dynamic. 

 

According to the previously described need for an innovative tool, the BrainBox as part of 

the CCL evolved as a real-time dynamic scenario tool that enables different stakeholders to 

model scenarios of development for a particular area. The scenarios are developed by 

direct visual interaction between stakeholders and the prototype database. By creating 

different clusters of prototypes, stakeholders create scenarios that the BrainBox tracks in 

real-time, and then calculates energy consumption and gains if the negotiation is tracked. 

The BrainBox saves different scenarios for later use and comparison. By comparing 

dissimilar scenarios, the stakeholders can decide which scenario should be retained and 

adapted for further development. Ideally, in the future, the BrainBox might have an AI that 

adapts, emphasizes, and guides the planning process, as does a Fly-by-Wire system in 

airplanes. The result is that the environment would become an intelligent artefact, an 

evolutionary space that examines the relationship between information and users as a 

dynamic steering environment. The BrainBox can track the negotiation of stakeholders on 

a projected scenario board that can be accomplished in a matter of minutes, depending on 

the level and depth of scenarios. The BrainBox can also be utilized as a new type of 

experience space, in which people can experience interactive arts and technologies in a 

unique and emotionally absorbing manner. In this mode, it can also be employed to tell an 
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urban story and share concepts for a better city in a completely novel way. Currently, this 

is occurring depending on the version, either through sheets and prepared cards or, if using 

the advanced version, by the interactive table and the incorporated algorithm. 

The BrainBox is thus a holistic and generalist planning tool that enables an overview and 

creation of visions of scenarios within a short period of time. These visions can be 

compared, selected, updated, and reworked. The goal is to find dynamic development 

scenarios that are agreed upon by involved stakeholders and to respond favourably to 

energy-efficiency demands for the urban centers of tomorrow. 

To understand this process better, we have performed three experiments to optimise the 

design of the CCL (BrainBox) and to determine if it is accepted by users and participants. 

These experiments were performed at the Lange Nacht der Wissenschaften (LNdW; Long 

Night of Sciences) 2014, 2015, and 2016, as well at the fair Metropolitan Solutions (MetSol) 

in 2015 and 2016. A survey of the experiments was performed to archive as much feedback 

from the users as possible. The results from the surveys in 2014 and 2015 were utilized to 

improve the structure and to incorporate the requirements of users. Therefore, the survey 

was very simple. The last experiment in 2016 had the final up-to-date set-up and a more 

complex survey that presented more detailed questions with regard to the city of the 

future and urban real-time data. The final set-up was also timed to obtain an overview of 

how this process can be optimised for future shows. 

The following chapters introduce the Brain and the Box, in which the Brain is represented 

by the urban gallery (UG) and the Box by the physical space with screens. When both layers 

are combined, we speak of the BrainBox. The BrainBox has the option to adapt to different 

scenarios that are represented in Versions 1 to 4. These scenarios link to the scale and 

complexity of a system in a specific location and the desires of the user. The scalability is 

described in the chapters 3.6 Scalability and 3.8 States of Being. The versions without the 

physical structure are probably more seen as the CCL, and not the BrainBox. Therefore, 

Chapter 3.7 proves the concept of the CCL, and not the BrainBox. 

In this thesis, we mainly address the physical space and the reaction of users to the 

possibilities of such a new tool. The development of the code that underlies the UG will be 

shown approximately, but not in detail. Detailed information about the code is presented 

in the BrainBox MCS Report 2015, which was funded by Climate Kic. 
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3.3 Technical Set-up and General Functioning 
 

The BrainBox is a hardware component of the CCL linked to the UG. It functions as a physical 

extension and a navigation tool through the UG with a specific goal: to use the UG material 

and create possible scenarios of development that are curated and narrated by 

stakeholders. Through this process, the BrainBox achieves integration and dynamic 

negotiation of relevant parties and can facilitate dynamic decision-making throughout the 

development of master plans. The aim of this research is to integrate the “human being” 

and “real-time data” (soft data) in a participative planning process. The human being is, in 

this context, considered as a cognitive and social influence within the technical system. It 

adds diversity and complexity to the planning process that is still not possible to integrate 

through code today. Nevertheless, human being also adds a complexity to the planning 

process, which is impossible to program, positive as negative. This has been described by 

Lucius Burckhardt in 1974 within his article: Who plans the planning (Burckhardt, 2017 

(*1974))? If we link second-order cybernetics to this field, in which we observe systems 

while being self-aware, we can clearly see the need for the human being, as only humans 

have the act of self-reflection and therewith ethical values.  Indeed, in the 1980s, when 

drum machines were invented, they had a problem in which the rhythm sounded too 

“mechanical”. Thus, a “shuffle” was integrated that manipulated the programmed beat 

according to human nuances, resulting in a groove. Currently, although such a shuffle 

would be required for the urban planning process, this is too difficult as cities are too 

complex. Therefore, the human being as human factor, or the so called “shuffle”, is 

included by participation processes via tablets and an interactive table, so that an overall 

successful human-machine-system is generated. The BrainBox constitutes an interactive 

structure that manages urban planning and engages with the city. Through this process, 

urban-related issues can be solved in non-linear feedback processes. With respect to the 

UG, the BrainBox becomes an interactive space for dynamic urban planning. In general, the 

data flow from the database, the geoserver and the 3D model to the BrainBox Core, in 

which they are computed and then made visible on the interactive table, tablet, or screen. 
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Figure 48. System architecture of the BrainBox 2016. Mathias Lieb and Arne Siebenmorgen. © CHORA 2015. 

 

People can interact through cards that are linked to the database, and a tablet or 

interactive table with these data (Figure 48). This feedback and interaction is processed 

within the BrainBox core, and then shown on screens or on an interactive table that 

recognises the cards through a printed augmented reality code on the back and projected 

on the screens. The table also allows the user to sketch solutions onto the digital map of 

the city. Decisions and actions that are then triggered by the cards are made visible on the 

screens of the BrainBox. The users can observe the results of the decisions on the screens 

and provide feedback to the audience to optimise the system. Once this has occurred, users 

can negotiate this process by further actions through playing cards. This process of 

feedback is called a “scenario game” (SG). The feedback is also stored in the UG. In the 

future, we hope that this process can also feed directly back to the city, once the actions 

were verified, and that we can embed an ambient intelligence (AmI) in the UG to more 

optimally guide this process. AmI describes the necessary infrastructure of networks and 

their databases to implement the connections between intelligent environments and 

communication to human beings through code. Thus, the UG stores positive outcomes of 

the feedback process to feed-forward further decisions by using AmI, a multi-disciplinary 

process for human-machine interaction. AmI is defined as:  
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“The idea of an augmented space surrounding a user could be an open or closed 

environment, constraint in a physical location or disseminate across a large space. The most 

important concept is that the pervasive network is able to track the user preferences 

through space and time, improving the human-machine relationship that, in the AmI 

paradigm becomes very much anthropomorphic.” (Remagnino, Foresti, & Ellis, 2005, p. 2). 

 

Here is the wording of the anthropomorphism of interest, as the word describes the 

assignment of human emotions or intentions to non-human entities, hence the algorithm 

or the AI. It describes the deep connection of today's man-machine relationship. The 

BrainBox itself operates in different versions, Versions 1 to 4, in order to adapt to any 

space and to be mobile. In detail these version are described in chapter 3.6 and can be 

seen in Figure 59 on page 187. In this thesis, we mainly focus on the first and third 

versions. Version 1 is very low-tech – in a positive sense. In the first version, the BrainBox 

works with physical cards and communication by the users. Version 1 can be realised 

without electricity and computers, and is therefore the most independent version of the 

BrainBox. Version 1 is described in detail in Chapter 3.7 to determine and test if the 

methodology itself is working. However, no real-time data from sensors are involved. 

Nevertheless, it is very useful in that it possesses a fast set-up process, and was 

successfully tested several times with stakeholders and within the academic environment 

as a didactic tool. Versions 2 to 3 are more complex regarding set-up, including the size of 

the structure, the needed screens, set-up of the UG, and the interactive table. The second 

version is currently the one used in the CCL, as it involves screen inactivity, etc., which 

suits the space at Technical University Berlin. A real structure would not fit in the room. In 

addition, this version is also mobile and has been used for the BrainBox set-up at the 

CEBIT in 2017. Version 3 was the selected set-up in 2014, 2015, and 2016. The last 

version, Version 4, is a building, and a laboratory for the city. The CCL is an evolutionary 

space, which explores the relationship between information and users in a dynamic 

steering (in cybernetic terms) environment. The result is an environment that constitutes 

an intelligent artifact. The CCL serves a visionary public performance space and planning-

support tool for city development. It is an location where people can meet to learn about, 
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imagine, and discuss the future of their city. The Conscious-City-Lab empowers experts 

and non-experts, citizens and decision-makers alike to collaborate closely on complex 

aspects related to life in our cities of tomorrow. Such a laboratory is required for 

Conscious Cities, as it forms a central participative hub for negotiation and data 

visualization. Currently, many cities are looking for possibilities of urban laboratories that 

frequently have a workshop character are closed areas for specialist. A real Version 4 has 

not yet been built. 

 

3.3.1 BrainBox 

 

 
Figure 49. Rendering of the performance cube, forerunner of the BrainBox. The BrainBox presented as a 

prototypical space for urban curation as a project in Kopenhagen. © CHORA 2001. 
 
The first sketches of the BrainBox were drawn around 2000 by Raoul Bunschoten and in 

the CHORA office in London and at workshops, such as Kopenhagen and Kyoto. The 

BrainBox was initially seen as a performance cube in which urban curation could occur, 

according to the process of the urban gallery. Such an early version as a prototype for the 

city of Kopenhagen in 2001 is visualized in Figure 49. The early performance cube was 
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related to energy, data, and considered as a gallery space. It was similar to the set-up at 

the LNdW in 2014. However, approximately 18 years ago, a strong desire existed to present 

3D data on a stage to have a place for workshops and an overall communal center to link 

the government and the citizen. This version of a performance space was then adapted to 

form through the process the BrainBox, i.e., a purist cube. However, both the methodology 

of the UG and the architecture of the BrainBox were developed through the publication 

“Urban Flotsam”. According to Raoul Bunschoten, the publication can be regarded as 

process, not as a planned output of research.82 Like the Conscious City, it is not always the 

results, but rather the process, that generates knowledge.   

 

From 2014 to 2016, the BrainBox was developed with a team from the Technical University 

of Berlin. The organization of the role of each team leader is shown in Figure 50. In addition, 

the realization was only possible with the help of students and other employees. To reduce 

complexity, however, only the initiator and team leaders are shown here. It has to be 

noted, that the team leaders often had multiple roles to help each other. 

 

The BrainBox from 2014 onwards is based on a modular system that allows it to be scalable 

and mobile. Any scaffold could be utilized for the set-up. The installation in this thesis was 

supported over years by System 180, which resulted in an exclusive design language. 

System 180 was developed by Prof. Jürg Steiner in the early 1980s.83 Because of its modular 

structure, reusability and robustness, it fits the ideology of the BrainBox.  

 

In the beginning of 2014, the BrainBox had three screens up to 5m x 5m. One side was 

open, which allowed the user to enter the space. According to the feedback, we decided 

to create a “real” Box for the year 2015 and 2016. This meant that all sides were closed and 

floating ca. 2.30 m above the ground. This option allowed users to walk underneath the 

screens in the space with four projections. The prototypes of 2015 and 2016 had a height 

of 10 m with four screens up to 7.5m x 7.5m. The centerpiece of the installation was, from 

2015 onwards, an interactive table that was linked to a computer terminal to 

                                                
82 Bunschoten, Raoul; personal communication (17/10/10). 
83 Data from the System 180 company website (accessed 16/06/15). 
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Figure 50. Organization completion of the realization of the BrainBox prototypes from 2014 to 2016 and 

ongoing.  
 

exchange data to the UG. Sizes up to 10m x 10m and 12m x 12m were feasible, as shown 

in Figure 51. Probably, the 12m x 12m version would need a greater diameter of the base 

structure of System 180; otherwise, they will bend under the load of the structure itself. 

The different size configurations are shown in Figure 51. 

 

The scalability of the BrainBox has four versions: Version 1 is associated with the analogue 

SG; Version 2 is an exhibition and urban curation system; Version 3 constitutes a fair-trade 

stand for a greater audience and network facility for stakeholders to present their ideas; 

and the fourth version functions as an urban platform for any use, such as dance 

performances with real-time data, etc.  Any component can always be added at any time 

to all four systems. As we will see in the chapter 3.8 States of Being, the versions can also 

have dissimilar set-ups. A detailed description of the four versions can be found in the 

Chapter 3.6 Scalability. 
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Figure 51. Different size of the BrainBox possible with System 180. The static calculations were only 

accomplished under the purpose that the structure is built indoors without wind loads. Source: System 180.	

 

3.3.2 Urban Gallery 

 

“The Urban Gallery is a product created in the educational environment of Diploma Unit 8 

in the Architectural Association London, the Thesis teaching I did for several years at the 

Berlage Institute in the Netherlands, the CHORA Unit London Metropolitan University, all 

predecessors of today’s CHORA institute at the Technical University of Berlin, as well as in 

both the experimental environment of CHORA research and later the architectural practice 

CHORA Architecture and Urbanism, both based in London, the predecessors of today’s 

CHORA Berlin.” (Bunschoten, 2018, pp. 781-782). 

 

The UG is an urban planning management methodology that integrates “soft data” and the 

“human being” in the planning process in a participatory manner. These two elements are 

individual deliverables, but can be employed as part of one another. It links to the practice 

of urban curation. Urban curation combines the act of choreography, co-evolution and 

cybentics. Urban curators are the ones who manage the content of the gallery, and thus 

the meta-space. Meta-spaces are, according to Raoul Bunschoten, spaces of signs in which 
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correlations can be demonstrated, and connectivity mapped and planned. Bunschoten 

further states that meta-spaces are diagrammatic expressions of the organizational form 

of dynamic conditions that can be fed back in physical space and temporal processes 

(Bunschoten, 2001, p. 37). This process of urban curation is visualized in Figure 52, i.e., a 

project run by CHORA in 1999 named Kyoto Locker Girls (Bunschoten, 2001, pp. 376-378). 

They are closely related to the integrators. The urban curators oversee the development 

and scenarios, and guide the process of participation. In this context, we have to call 

Buckminster Fuller and his proposal for a "World Game" in the 60s. The world game should 

be an instrument that provides a comprehensive, participatory approach to the world's 

problems. The whole world is now the relevant unit of analysis, not the city, state, or 

nation. The UG, however, focuses on the complexity of the city in our examples, but could 

be used in a different context. Nevertheless, the idea of computers and AI is embedded, 

something that Buckminster has omitted, and was also the critique of the World Game. On 

the other hand, the game was very simplified and people had easy access to the game, 

which is not possible for the UG, where the participants still need an introduction. Even 

more instructive is the logic for using the word "game" in the title. It says a lot about Fuller's 

approach to governance and solving social problems. This is consistent with the 

understanding of UG and scenario games that use a gamification process to develop 

knowledge and / or approval in the planning process (Buckminster Fuller Institute, 2019). 

Therefore, the UG has essentially the same ideology as the World Game, but the technology 

and interface have been developed. 

 

According to Tomaz Pipan, the Urban Gallery is a way to explore a particular area, identify 

its elements, and understand problems and opportunities. In addition, we can create and 

manage planning scenarios. It consists of four different layers, through which it is possible 

to comprehensively understand and act on this territory (Pipan, 2012, p. 9). The UG is 

uniquely suited to provide a robust framework for handling ever-changing conditions in the 

urban environment. The UG itself acts as storage for comparative models, and as a 

dashboard for speculation and simulation. It also manages the connectivity of concepts and 

technologies, and assists in decision-making and implementation and manual use in the 

form of an action plan, as the process of urban curation. The UG (simplified in Figure 53) is 
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a platform that enables stakeholders, politicians, and citizens involved in the prototype (PT) 

projects to act jointly or collaborate over longer periods of time to develop, monitor, and 

evaluate pilot projects within the urban planning context.85 This “tool of tools” has its own 

technical specifications and, as such, related tasks. It is based on long-term on-going 

research in cybernetic urbanism.86 The UG manages the evolution of a planning project, 

and forms the incubator for PT projects (Figure 55). It constitutes an interactive planning 

tool used in dynamic master plans in which PT projects play a significant role in either 

achieving efficient energy management, linking operations of very different sectors and 

stakeholders, or creating patterns of sustained growth or evolution. 

 

In detail, the didactic outcome of the four layers (Database, Prototypes, Scenario Games 

and, Action Plans) of the UG has been pointed out by Tomaz Pipan (Pipan, 2012, p. 15): 

 

1. Understand what is the condition of a territory and what are current solutions (Database 

Layer)  

2. Propose new and novel solutions for identified problems and opportunities (Prototypes 

Layer)  

3. 3. Inclusively manage and curate development of novel solutions (Scenario Games Layer) 

4. Dynamically implement the novel solutions (Action Plans Layer)  

 

All versions of the UG have physical cards that present MSs, OFs, or PTs. The physical cards 

used on the interactive table or printed UG map hold information about stakeholders, 

specific locations, projects, and data. They present the mini-scenarios, operational fields, 

and prototypes. Once played on the table, they interlink through the given layers of the UG 

to new scenarios and locate themselves in a 3D model of the specific city (here Berlin). They 

are not essential to the CCL, but to the UG, and include an element of gamification in the 

planning environment and directly link to the database of the UG. They can also be 

regarded as a tool that assists the negotiation processes. 

 

                                                
85 A detailed description of the technical set-up for the “softpart “can be found in the MCS – Modelling City Systems 

Report 2015. This report also includes the function of the code for the UG. 
86 Information taken from the Technical University Berlin Chora Website (accessed 16/06/16) http://www.chora.tu-

berlin.de/research/. 
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Figure 52. Urban curation for the project Kyoto Locker Girls. Early application of SG and the EOTM presented at 

the AA lecture hall.  © CHORA 1999. 
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Figure 53. Early visualization of the structure of the urban gallery for the project Tokyo Stories, including EOTM 

and BEFI. © CHORA 2001. 
 

The UG is structured in four layers (Figure 53) that are from bottom to top: database, 

prototype, scenario games, and action plan. The database action plan concerns the 

condition and territory of the chosen location, and the conditions of this. Users have to 

collect data in mini-scenarios that are captured in small stories, as seen in Figure 54, 

according to EOTM. EOTM stands for erasure, origination, transformation, and migration.  
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Erasure: remove things. Erasure is taking away something and makes room. 

 

Origination: change initiated at a point in time or space. Origination is a time in which 

something new begins, the creation puts something in the realm of the other, it is the basis 

for a reaction. 

 

Transformation: constant change from A to B. Transformation indicates a constant change 

between two states of an object or a situation, a change with a beginning and an end.  

 

Migration: things that move. Migration is describing things that move from one point to 

another, things that go back and do not return, and sometimes leave a trail. 

 

The sites of the MSs are chosen through a process termed “bean throwing”, that is based 

on random sampling. Literally, the participants are advised to throw beans on a printed city 

map. Each bean location presents one MS. From these mini-scenarios, operation fields are 

created. The OF describes proto-urban conditions by identifying problems and 

opportunities. OFs are generic themes, such as agriculture waste management, 

transportation, etc. The combination of OFs lead to the prototypes. The MSs and the OFs 

are based on the database action plan. 

 

Once at least two OFs are combined into a prototype, they are kept in the second layer, 

i.e., the prototype layer. The PTs are already concrete project proposals. It is also possible 

to link several prototypes to a larger project. The main idea is that each PT should have a 

positive attitude to improve the chosen location. A PT is generally described through the 

“BEFI” layer, which stands for branding, earth, flow, and incorporation. The stories 

examined with the MS should be positively influenced by the PTs. Within the third layer, 

i.e., the scenario game layer, the PTs are tested and curated as a novel solution and 

business opportunities within the context. Only through a positive business model is it 

feasible to integrate new PTs within the city. Like in a role-playing game, all involved parties 

negotiate the PTs to identify the best solution. This is accomplished by four players and one 

game master who guides this process according to his or her agenda. In the academic 
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landscape, students were taught how to integrate their concepts in a participative manner, 

as each architect will have to present his or her design to clients, investors, or politicians. 

The final layer is the action plan. It concerns the implementation of the PTs in relation to 

time. The AP shows when and where the specific actors and agents take action to realise 

the PTs. The AP also reveals how the PT evolves and proliferates in its urban condition to 

create an incubator (Bunschoten, 2001). 

 

It is important to understand that, unlike current political decisions, this constitutes a non-

linear process. Moreover, it is always possible to embed feedback gained from the layers. 

Especially, the SG enables the designer to improve the PT or to optimise it by new MSs or 

OFs. This non-linear evolutionary process is shown in Figure 55. Within this project, we will 

refer to the Box, which is the physical place of interaction, while the Brain is associated 

with the soft part, i.e., the software and the code that calculate decisions in real-time.  

The BrainBox is the interactive connection that will become an integral part of the 

communication of results between all strands. However, the soft part simulates the 

ideology of system integration. 
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Figure 54. Example of a basic UG card with erasure orientation, Transformation and Migration (EOTM). © 

CHORA 2014. 
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Figure 55. Non-linear feedback and navigation within the urban gallery; re-coloured. Dr. Tomaz Pipan. © CHORA 

2014.  
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3.4 System Dynamics and the BrainBox 

 

In Chapter 1.8, it was stated that system dynamics is too difficult to grasp for first-time 

users, as it requires knowledge of management, computation, and mathematics. The 

outcome of system dynamics is goal-oriented, and thus required if we consider 

interactivity, participation, and negotiation within the CCL. As the CCL operates on 

computation, and perhaps in the future on AI, we must elucidate how this approach links 

to system dynamics. Nevertheless, there has been also critique to system dynamics as 

pointed out by Schoenebeck (Schoenebeck, 1975) and a general, that reducing everything 

to algorithms to simulate is inhuman. Another critique is, according to Frederic Vester, that 

system dynamics operates in a closed simulation, it might not suitable to refer to this, as 

novel input cannot access the system, it creates trivial knowledge (Glanville, 2003). In 

detail, Vester asserts that the system dynamics models of Jay W. Forrester were entire 

systems run as closed machines (Vester, 2007, p. 255), hence according to von Foerster: 

trivial-machines. Frederic Vester refers in this case to his own methodology, called 

“interconnected thinking” (Vester, 2007). This framing of territories is generally considered 

to be critical, as there are no longer any clear boundaries in these methodologies, at least 

considered from today’s perspective. This knowledge is exemplified in the conclusion, 

Chapter 4.2.3., and it is mainly the novel consciousness of human being regarding the 

system that is of importance. In this thesis, we thus focus on system dynamics, as 

interconnected thinking should be innate to the human mind, and if not, raised after the 

use of the CCL.  

 

To overcome the problem with complexity, an interface is required. This interface could be 

a  modern smartphone or tablet, that makes the Internet tangible and touchable. The 

physical interface and digital information within the UG structure blur into a single entity. 

Digital information is controlled and manipulated through the physical interface by 

stakeholders that are engaged in the real-time negotiation and development of a scenario. 

They are able to use information and material (prototypes (PTs), mini-scenarios (MSs) and 

operational fields (OFs)) from the UG in the negotiation process. In this process, they can 

modify the PTs and create new ones by clustering and assembling the existing ones. The 
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degree of editability of PTs is limited, and is associated with the negotiation process. The 

stakeholders decide how different PTs respond to each other (e.g., if they encourage or 

discourage each other). This process of negotiation and changes to the PTs, MSs, etc., is 

tracked by the CCL, creating a scenario that can be reviewed, compared, and enhanced. 

This scenario can also constitute research for dissimilar alternatives in order to compare 

them, and later as a modelling tool to create action plans (APs) for favourable scenario 

implementation. During the implementation of an AP, it also functions as a dynamic 

management timeline that shows the targets and implementation of the PTs. It constitutes 

a visual representation of implementation, and is fully editable in order to input any 

changes that occur at the time of implementation.87 The PTs have assigned energy ratings 

and influence on energy ratings, as well as links to potential partners for collaboration of 

other PTs. When changing the PT or creating linkages, these energy ratings are ideally 

revised within the simulation. The ratings consist of time-dependent information about 

how a certain PT affects energy-efficiency, how much time is required to establish a PT, 

what the embedded carbon footprint of the PT is, etc. These ratings are systemic (i.e., each 

PT has the same ratings), and each contributes to a certain aspect of a scenario and 

development of a prototype. In order for this to be a fast and responsive system, they need 

to be both general and realistic. In other words, the scenario has to have a realistic goal. 

The goal is an input, i.e., a benchmark condition that the scenario is attempting to achieve 

or surpass. With the manipulation of PT, the stakeholders have to achieve certain energy-

efficiency within a certain time. 

 

  

                                                
87 This is associated with the context of cybernetics. 
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3.5 Interface 

 

An interface is an abstraction of an algorithm and needs to communicate with the input 

and output of the digital UG. This is analogous to a television that is turned off; in this case, 

we will see an empty dark screen. It switches on only with a remote-control button and 

then a television show can be seen. Without an interface, we would not have access to the 

algorithm, and thus it is required for communication. It is essential that the interface 

addresses the requirements according to the algorithm to guide or affect it; otherwise, the 

interface fails. In addition, not all states of a complex algorithm must be accessed, i.e., only 

the ones intended for use. In the context of the CCL, the interface constitutes an intuitive 

environment (a physical board with a printed plan or interactive table with a virtual model 

of the city) in which stakeholders manipulate the digital database and create scenarios 

according to the provided feedback. The technology utilized is widely available, but has not 

yet been utilized in this way and for these purposes. The intuitive environment that is used 

depends on the system chosen for the specific purpose. Each stakeholder-player has an 

overview of the possible scenario material (MSs, OFs, and PTs). PTs, for example, are 

described in terms of functionality, energy-efficiency, implementation time, costs, etc. 

Depending on the particular scenario, stakeholders can fine-tune the PTs to fit within the 

reality of the situation. 

The UG material is represented by selectable elements that a camera connected to the 

computer can trace and identify. Ideally, within the current set-up, this occurs through 

cards on the interactive table that are assigned with augmented reality codes on the back. 

Each of these elements can be utilized on the main interactive board. Throughout this 

process, the stakeholders incrementally model the scenario. With each step, they should 

define if and how certain PTs change. Concerning the change of a PT, Bunschoten states:  

  

“The diagrammatic condition of prototypes relates both to their singular condition of 

creating a new link, an innovation as well as to what evolves from a prototype when it 

adapts and proliferates.” (Bunschoten, 2002, p. 5). 
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PTs can also be instruments that can change society and create new spaces. The computer 

then can calculate the interdependent links between the PTs, how each affects the other, 

how energy-efficient the current step is, and how much more the scenario needs to achieve 

its target. The tagged board is augmented with the projection, where the graphs show 

targets and the current position can be considered. The projection is also used to draw links 

and connections between different elements on the playing board.  At the end of a 

scenario, the modelled, traced incremental play shows how PTs must be built and located 

within an urban master plan, when certain PTs must be implemented, and how energy-

efficiency changes (Figure 56). In creating a few of these scenarios, stakeholders can 

evaluate what works and what does not, creating a final scenario that can implement the 

action plan (AP). This then serves as a blueprint for execution of the modelled plan. 

Throughout the execution, the PTs can be continually updated within the current condition, 

so that the entire AP dynamically changes, reflecting the current reality at any specific time. 

This, in turn, allows one to respond to these changes and tailor the implementation of the 

AP in real-time. 

 

 
Figure 56. Interactive table with urban gallery in action. Alex Kovbasko. © CHORA 2015. 
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3.6 Scalability  

 

The BrainBox is divided into two parts. On the one side is the Brain, which is represented 

through the UG and is not fixed to any physical location if the database is accessible. On 

the other side is the physical Box. The Box itself is built as a modular cage, enabling it to 

adapt to different locations according to conditions. However, not only is physical size 

critical, but so are the presented content and users. To allow the BrainBox to be as flexible 

as possible, four different versions were created. 

 

The most basic version is Version 1, i.e., the pure analogue SG. It is very mobile, but does 

not possess a link to real-time data. As a board, it can be played anywhere, but is also 

somewhat limited. Version 2 requires the interactive table and a link to the database of the 

UG. This version is required as a showcase for delegations, as well as companies and public 

audiences. The advantage of this version is that it has a rapid and very mobile set-up. 

Version 3 requires the modular structure to hold the screens and create a real physical 

space for negotiations, presentations, talks, and films. The set-up time required for Version 

3 is approximately two days. It is mobile and can act as a beacon in fairs or other urban 

events due to its size. 

 

The last version, Version 4 is, by far, the largest and most advanced version. It constitutes 

a physical building set-up as a laboratory. This would no longer be mobile, but would enable 

novel ways of research in terms of urban real-time data and participation. In addition, this 

version would be open to all citizens to create a new urban agora for real-time data. 

Versions 1 to 4 are presented in Figure 59 on page 187. 

 

 

 

 

 

 

 



	

	 183 

3.6.1 Version 1 

 
The first version is the most basic. It works with a physical board, i.e., the analogue UG, 

focusing on the UG. This can be seen in Figure 57. It involves players and one game master. 

This version is probably the, which is most similar to the World Game, which was proposed 

by Buckminster Fuller (Buckminster Fuller Institute, 2019). Preferably, the players are 

teams with multiple backgrounds, such as politicians, stakeholders, citizens, researchers, 

etc. The source of information is a physical game box that includes all needed material for 

the SG, such as printed plans, crayons, cards and pens, as well as empty cards for the 

players to write down their own ideas. Over the years, this version has been successfully 

tested with stakeholders and students to brainstorm new concepts, raise the consciousness 

of networks, and create or combine new prototypes. Within the BA and MA studio of the 

Technical University Berlin, Chora City and Energy students were asked to test their ideas 

by using them within the SG. The process of the SG on the physical plans was photographed 

after each round for later analysis and to elucidate the process. This low-tech version 

constitutes an effective tool to test communication and negotiation using “hidden 

agendas”.  Because of its low-tech version, the first level does not require electricity and 

can be played anywhere. The learning curve is quite fast and, over a period of years, we 

learned that a very short introduction to SG is required, and then the players learn by doing. 
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Figure 57. Version 1 in action with Prof. Raoul Bunschoten and Michael Mueller, the Mayor of Berlin, at the 

Metropolitan Solutions Fair 2015. © CHORA 2015. 
 

3.6.2 Version 2 

 
The second version is associated with the interactive table and the UG database. The 

physical game box is replaced by the interactive table. Standard computer screens can be 

utilized to visualise the results of the SG of the interactive table.  

 

This version is useful for a quick set-up if delegations are interested in the possibilities of 

the BrainBox on short notice, as well for short demonstrations at different locations and 

workshops. Other users could be the city, citizens, and companies. Due to the involvement 

of digital methodologies, it is possible to store all results for later analysis and optimisation. 

As this already requires use of the interactive table, a short introduction is necessary.  
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3.6.3 Version 3 

 
Version 3 constitutes an interactive temporary structure for exhibitions, fairs, and science 

events. This version was tested in 2014, 2015, and 2016 (Figure 58). It embeds all tools and 

codes developed so far, and has been a great success. Through its size, it creates a “real” 

physical space that can be entered to be within the system. In addition, in this case, the SG 

is the heart of the installation, presented by the interactive table and the physical cards. 

However, this scale allows other “States of Being”, as described in the next chapter. 

Normally, this version is addressed to cities, citizens, companies, stakeholders, researchers, 

and even schools if data are represented through, for example, dance. 

 

 
Figure 58. BrainBox version 3 at the Lichthof Technical University Berlin in 2016 in the context of the LNdW. 

David Ausserhofer. © CHORA 2016. 
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3.6.4 Version 4 

 
The final version, Version 4, is the largest. It is a proposal for a real built laboratory. Such a 

structure would involve a great deal of ethical and human engagement, and would create 

an urban platform for future urban centers to create a desirable future. As described in the 

introduction, there was already interest in the 1970s if we refer to the paper “Cybernetics 

and the City Hall”, then of course the project Cybersyn in Chile and the most elaborated 

built version, by far, is the IBM City Laboratory in Rio. The first had a socialist approach and 

was destroyed, the other laboratory is highly secured and closed to citizens. The proposed 

CCL in Version 4 would be a new urban laboratory, where real human participation next to 

algorithms, data and policies are possible to generate a novel consciousness about urban 

planning, ethical debates and a desirable future. Therefore, we view Version 4 as an urban 

agora in which everyone can participate. This version should create a consciousness about 

the networks that everyone is surrounded by and an understanding of future cities. Of 

course, actors can use the SG and interactive modes within the laboratory to test future 

scenarios. It would constitute a unique addition to a city and, as one can see from our 

experiments, there is a strong desire of citizens for such a laboratory. This version should, 

of course, also connect to research facilities to experiment with these new conditions and 

to analyse emerging patterns or scenarios in order to improve the quality of life, health, 

happiness and ethical values of the citizens of all future cities. The only relevant question 

could be: how can we create an interface for such a complex task that benefits everyone? 

Moreover, this would be an ideal platform to stimulate the ethical debate on privacy, trust 

and data. 
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Figure 59. States of Being; re-coloured. MCS Report 2015. Mathias Lieb. © CHORA 2015.  
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3.7 Proof-of-concept: Version 1  

 
As the urban gallery constitutes incorporated research for BA students at the Technical 

University Berlin and the BrainBox as a prototypical set-up, a proof-of-concept is required 

to verify the use of the UG as a core element of participation within the CCL. The UG has 

always been optimized since its beginning, but has now been tested in realistic conditions, 

and two earlier workshops occurred to optimize the procedure and participation process 

to generate collective knowledge. Within the UG, gamification plays a significant role. 

Through this, participation is generated between stakeholders, which either results in 

efficient energy management, links operations, or creates patterns of sustained growth. 

The UG is a public arena that enables the stakeholders related to prototype projects to act 

jointly or collaborate over longer periods of time in order to develop, monitor, and evaluate 

prototypes as pilot projects within an overall plan. 

Therefore, a workshop for a novel energy and climate concept for Buch, a district of 

Pankow, north of Berlin, provides a unique and suitable framework to test the CCL Version 

1 (Figure 60). As a key player in the field of energy and climate, Vattenfall would like to 

contribute to a successful process for this concept, and has therefore commissioned the 

Technical University Berlin to accompany the initial workshop for the concept for Bucher 

stakeholders with methodological and scientific expertise. The Pankow District Council and 

the Berlin Senate Administrations for Urban Development and Housing, as well as the 

Environment, Transportation and Climate, are decisive cooperative partners for the 

concept of energy and climate. The city planning commissioner community for urban areas 

functions as a local partner and enables the transfer of knowledge from ongoing processes. 

The agenda, the working method, the materials utilized, the curatorial concept, the content 

documentation, and the implementation of the workshop were developed and 

implemented by the Technical University Berlin and Vattenfall.  

The workshop occurred on the 18th of October in 2017, at the “Feste Scheune”. Chapter 

3.7.1 explains the set-up and the methodology. Chapter 3.7.2 shows the report of Table 3, 

i.e., new housing projects. Finally, in 3.7.3, a small conclusion addresses whether the CCL  

as Version 1 has potential. The team leader of the workshop was Georg Hubmann, and 

Jonas Schorr was responsible for moderation. 

 



	

	 189 

3.7.1 Set-up and Methodology Berlin Buch 

 
The workshop uses a scenario game method, which is an enjoyable and iterative approach 

to the development of the results. This includes a curator for each work table and a 

predefined game sequence to make discussions more purposeful. The Technical University 

Berlin presents the curators of the four focus tables that take care of the working groups 

over the duration of the workshop. The entire modernization of the event is performed by 

the Technical University Berlin. The planners' association for the city and the region 

provides input on the already established objectives and projects from the two previous 

workshops. 

 

The objective of this workshop is to work out concrete implementation strategies for an 

energetic neighbourhood concept, and to integrate existing projects and measures already 

proposed. When selecting the participants, care is taken that both former partners and 

new thematic experts are involved. Concretely, the foci are as follows:  

 

(1) Renewable energies 

(2) Cold grid  

(3) New housing projects 

(4) Mobility 

 

Each focus is initially examined individually and subsequently examined for 

interdisciplinary integration potential in order to develop detailed implementation 

strategies. 

 

• The general procedure is divided into three phases: 

In the first phase, all participants are brought to the same level, and the measures from 

the KfW88 application will be presented. This takes the form of short impulse lectures by 

selected experts in the respective work groups. 

                                                
88 Cf. Kreditanstalt fuer Wiederaufbau / The KfW is one of the world’s largest national development banks. The KfW 

is located in Germany. 
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• The second phase is used to elaborate approaches to solutions with regard to already 

defined targets. It identifies the challenges of implementation. The results are recorded in 

a standardized template and serve as the basis for the final phase. 

• In the third step, the implementation strategies of the selected projects are developed, 

starting with the identified challenges. A great deal of emphasis is placed on overlapping 

potentials and synergies between the four thematic areas in order to create integrated 

solutions. The results are also recorded here in a prefabricated form that takes into account 

the immediate next steps of the implementation, as well as the long-term schedule. 

 

Two pre-meetings were arranged to organize the workshop. The intention of the first 

meeting was to connect the curators and table experts to establish a starting scenario. The 

second meeting was only for the curators to present the methodology of the UG and their 

layers again. 

 

3.7.2 Report Table 3 – Requirements for New Housing Projects 

 

Round 1: Initial Situation 

The initial situation of integrative urban development and the established scenario was 

explained to all participants. Much of the discussion was based on existing initiatives, as 

well as processes that are already under way, such as the creation of the new center of 

Buch. 

Thus, the topic of the new planned integration building in conjunction with the 

Schlosspassagen (currently the realization of the third and final construction section that 

has a clear focus on retail trade) was a detailed talk about strengthening the center of Buch 

from the S-Bahn station. Novel approaches, such as the creation of a temporary cultural 

tent / neighbourhood center as a historical palace replacement, were not presented (note: 

the historic palace garden in Berlin Buch is without the traditional palace. This idea has 

been rejected). In general, the development of the Brunnengalerie has been received 

positively, as the plans are already in progress, and it is the most realistic new project in 

the book at the moment among the smaller ones. 
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Another focus of the first round was a discussion of the use of the former hospitals in Berlin 

Buch (north of “Am Sandhaus”, in the middle of the forest). Experts confirm that a 

demolition is associated with high costs and a renaturation, and therefore makes no 

economic sense. One point was that the former government hospital has a reinforced 

concrete skeleton construction and has potential, but must probably also deal with 

contaminated sites. It was also found that, once again, the former hospital of the state’s 

security organization was better connected, since a novel route concept though the 

existing forest would be considered problematic with the Berlin forest policy. 

 

Round 2: Solutions 

Consensus: An innovative new building concept is missing. 

 

The Schlosspassagen was again the point of discussion in relation to its openness – as often 

shopping malls generate "dead places" in the evening. The developer, however, describes 

an open orientation and long operating hours, as well as cafes and a gym. Thus, the 

Schlosspassagen is not counterproductive and cannot be stopped, as it is already built and 

the last phase (3) is about to be realized. 

 

The parking problem of Berlin Buch was addressed. The problem is mainly due to 

commuters and the boundary of the pay scale of Berlin’s public transportation system. This 

has been discussed intensively. Although this is not a topic of the table, a need for a related 

conversation was identified. 

 

The general problem is that Berlin Buch is located at the tariff limit AB Berlin of the VBB, 

and so many commuters park their automobiles there. Consequently,  the Helios area (a 

former hospital area that has been transformed into an upper-class living area) is 

considering constructing barriers. A parking garage would be feasible, but would require a 

small fee from users of the garage. Although 1 EUR per day seems to be reasonable, it may 

be viewed critically if the tariff limit was to change. Therefore, no investor would be 

interested. No clear strategy was developed. Nevertheless, the positive aspect of the 



	

	 192 

economic factor of commuters was also addressed. Consequently, a strengthening of the 

old industrial railway as a cycle path is feasible to support some new modalities. 

 

In the course of the reorientation of the discussion, factors of the necessary housing units 

were identified. Figures were determined by a screening and therefore must be considered 

as possibilities and guidelines. Thus, by 2030, Berlin Buch expects an influx of 5,300 

inhabitants, which will require approximately 2,385 housing units (HU). This will result in a 

novel infrastructure for local supply, kindergardens (currently there a missing two 

kindergardens), and schools.  

 

Different timespans can be determined as follows:  

 

Am Sandhaus   ca. 600 HU +   10-15 years 

Brunnengalerie 500 HU   5 years 

Buch IV  900 HU  5 years 

 

It is essential that approximately 30% of the new housing units should be provided for social 

housing. The "Am Sandhaus" area should constitute an experimental, innovative residential 

construction that should act as unique lighthouse project in Europe. The potential of the 

“Moorlinse”, i.e., a biotope, was addressed again. However, this also presents the problem 

of forest compensatory surfaces. 

 

 

 

Round 3: Input from the External Tables 

The present concept was briefly explained. The development of the Brunnengalerie in 

Berlin Buch was then directly addressed. Here, the BBB / Max Dellbrück Zentrum / 

Campusbuch discuss mixed use, as well as the need for "hybrid planning", a mixture of 

housing, work, and education. Young scientists, in particular, are looking for apartments 

near the research facility. This would suggest the need for a boarding house. This could be 

extended to Berlin Buch IV, a development south of Buch and next to Pankow, divided by 
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a motorway. Due to emissions from the motorway, most partners at the table agreed here 

on commercial areas. However, also in the area of Buch IV, some problems with the 

forestry office of Berlin may exist. Problems with the forestry office and biotope protection 

concerning the construction area Am Sandhaus was addressed, and are is difficult to solve 

at the moment. Communication between Berlin and Brandenburg has to be strengthened 

(a later discussion with J. Schorr showed that Berlin manages goods for this purpose in 

Brandenburg). 

Due to the numerous problems, one approach was to use the sustainable potential of the 

“Moorlinse”, i.e., to initiate the drainage of the “Am Sandhaus” area and to create an 

overarching ecological system that emphasizes the guiding principles of the Green Healthy 

City. Consequently, the renaturation of the river Panke should also be used and linked to 

an overarching sustainable concept at the Brunnengalerie and Buchk IV. The result would 

be that a sustainable network for Berlin Buch would emerge. An extension of the cycle track 

over the old existing tracks to “Am Sandhaus”, but also to Pankow, was considered 

necessary to form networks of mobility. 

 

 
Figure 60. Negotiation at Table 3 with the printed map of Berlin Buch and the UG action plans, including the 

cards for OFs and PTs. Reiner Freese. © X21DE 2017. 
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Another innovative objection was to generate algae on the façades of the Brunnengalerie 

and Buch IV, and to send these to the existing heat and power plant as an energy carrier so 

that this power plant can maintain its positive energy balance. Currently, it is also obtaining 

energy from the waste heat from a landfill, although this energy is declining. 

 

Round 4: Generated New Project Description 

The main theme of the Green Healthy City must be strengthened. A networking of bicycle 

mobility is mandatory. A holistic ecological concept is also requisite, as well as a uniform 

energetic solution. The strengthening of the location by its infrastructure connection to 

Berlin (Pankeradweg, commercial zone of Lindenhof and the Berlin BER airport in the 

future) should also be better represented. 

The Brunnengalerie and Buch IV are realistic plans (including the planned Education and 

Integration Center, north of the Brunnengalerie), in which a mixed area should be 

considered with projects with algae façades. Moreover, not all areas should be developed 

here by cooperatives, but also by private investors. In this respect, a new center in Buch IV 

should not be in competition with the actual center of Berlin Buch and must be respected. 

 

The concept of a residential development in the south of the “Moorlinse” was again 

addressed. Although the concept of experimental housing integrated in the noise barrier 

of the motorway was introduced as a basis for a new discussion, but this did not attract 

much interest. The area “Am Sandhaus” was verified as a desirable candidate for truly 

innovative residential construction, including the adjacent forest area and former 

hospitals. Concerns about Berlin forestry policies were deliberately ignored to provide 

space for potential ideas. This area can consist of single-family houses to the biotope of the 

“Moorlinse”, terraced houses to the streets, and assemblies for townhouses in the forest. 

The local government of Berlin Pankow, cooperatives, and private investors have great 

interest in developing this area. The great potential is based on social and technical 

infrastructures that exist. This creates the possibility for a ground-breaking advancement 

in combination with the biotope. Existing commuter flows could be regarded as a positive 

challenge. For example, residents could share their garages with commuters. 
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3.7.3 Final Statement Buch 

 
Berlin Buch has great potential that should be utilized. The new housing construction 

should be structured in periods over time, i.e., an action plan (AP) is essential for Buch. 

Projects, such as the Brunnengalerie and Buch IV, can be realized quickly and the needed 

demand exists. This can be accomplished by private investors, such as SITUS, but also by 

cooperatives, such as HOWOGE. An overarching ecological concept with the old industrial 

railway (cycle way to the Ludwig-Hoffman-District), the renaturation of the river Planke, 

and the biotope of the “Moorlinse” is absolutely necessary. This leads consequently to a 

unique energy and mobility concept that would have a European lighthouse character. 

Thus, in the next few years, up to 1,400 apartments must be realized, and a corresponding 

rapid political decision is needed now. A mix of housing, work and education is also 

desirable, as well as the creation of commercial areas for the highway. In addition, a new 

small center in Buch IV should not compete with the Schlosspassagen. To what extent 

innovative technologies, such as algae on the facades, should be utilized requires additional 

consideration. Other technologies, such as PV, ventilation, sustainable energy, district 

heating, etc., are considered to be feasible. A mobility link from Buch IV to Pankow must 

be supported. Missing KITAS could be quickly realized on the roof of the Schlosspassagen, 

and further schools or upgrading of old schools could rapidly be accomplished. However, 

these accomplishments require fast reactions from the government. Input from a 

technological perspective should also be taken into account in order to be innovative and 

not engage in older and sub-optimal strategies. 

 

The greatest potential to create a future-oriented residential area is at “Am Sandhaus” 

(including the two old governmental hospitals). Here, a consensus must be reached with 

the Berlin forestry office. The area would have the potential of creating approximately 

2,100 residential units. This would be designated for terraced houses, townhouses, and 

town villas. The urban design should focus on a positive social mix, e.g., no gated 

communities, ecological innovations, etc. Since we are considering a period of 15 years, we 

can also think of concepts of autonomous mobility. Combining the rainwater concept with 

the Moorlinse is logical, but a moor could have other energetic potentials that can be used. 

The new district must also be connected to the new cycle track, in order to ensure mobility. 
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Can an innovative garage-sharing program be developed with the existing commuters? The 

existing old governmental hospitals could only be partly demolished, thus benefiting from 

a different re-use. A complete district, such as the Allées des Châteaux, that is located in 

the north of Buch, is not desirable. Finally, it should be mentioned again that Berlin Buch is 

a “Transformations Raum” and a “Zukunftsort” that is legally incorporated into the urban 

city design strategy until 2030. Combined with an innovative, well-known biotech location, 

a lighthouse project would be feasible that acts as a pioneer for future building policy in 

Europe, if a commiserate level of motivation on the part of the relevant actors exists. Even 

though the focus here is on the area "Am Sandhaus" with innovative potential, it should be 

noted that there must also be a coherent concept for Berlin Buch. The iPhone was launched 

in 2007 and has changed the world of communication, and that was 10 years ago. If we 

think in terms of planning for 15 years, we must be visionary, as well as consider viable 

projects that can be created tomorrow. 

 

3.7.4 Conclusion of CCL V1 

 

The workshop Buch was a successful and productive event. A novel strategy, i.e., a project 

description, was identified by Table 3: new requirements for housing. All experts from 

Table 3 agreed that the mass of housing needs to be structured in phases approximately 5 

to 15 years, and that one area should include innovative concepts which act as a lighthouse 

in Europe. The applied Version 1 of the CCL, i.e., the low-tech version that concentrates on 

a physical game board of the UG, led to very positive results. At the beginning, participants 

needed to be motivated and guided. However, after people understood the method, they 

were highly engaged and a common knowledge was generated.  

As there were two previous workshops with the same methodology sponsored by 

Vattenfall, we can conclude that the company recognized the positive effect of risk 

minimization for decision-making. Nevertheless, it must be stated that it is quite difficult 

to incorporate the theme of “budget”, as we deal with novel technologies, i.e., if integrated 

at a large scale, it is impossible to make a forecast in relation to anticipated costs. What 

can be asserted is that the experts at the table helped with validation of critical application 

requirements. The acceptance of new innovative housing in cooperation with all involved 
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stakeholders was very high. The printed map with the cards and the four layers of the UG 

also served as the basis for better communication in the project team about concrete 

aspects, such as the energetic use of the “Moorlinse” without intervention in the biological 

structure of the biotope. Moreover, negative factors, such as the motorway, were 

considered as positive elements that needed to be coped with, even if they were 

challenging.  

As most stakeholders had totally different backgrounds, some initial innovative concepts 

were missing at the table and needed to be introduced by the curator. In addition, there 

was a strong desire for a legal body that would represent the Berlin forestry office. 

Moreover, a personal barrier of the stakeholders existed to write new play cards and 

scenarios on the provided empty ones that could be played with the UG to construct novel 

scenarios. This task was left to the curator, even if it was only utilized to record ideas. After 

a short time, a complexity was reached that was impossible to overcome. Thus, certain 

concepts had to be removed to reduce complexity. That the new scenarios were sketched 

over the old scenarios and thus hardly readable have accomplished their rest, as the cards 

for the prepared scenario were before printed with images and text. Another factor is that 

after each round, pictures were required to be taken to record the process of the scenario; 

thus, an easy rewind, as on a digital table, was not possible. Another factor was the position 

of the curator, i.e., on top of the map. As the map was oriented to the stakeholder, the 

curator was forced to read all cards upside down. This is feasible if images are printed on 

them, but nearly impossible with handwriting. It could also be suggested that no more than 

seven plus-minus two cards are allowed on the game board. This links to the paper written 

by George A. Miller in 1956, and resulted in the number of seats in the Cybersyn Project 

from Chapter 1.3. Here, Miller refers to the maximum number of “chunks” that the human 

mind can perceive and process simultaneously in short-term working memory (Miller, 

1955, pp. 343-352). Of course, we need to be aware that this paper was written 60 years 

ago, and that technology may be able to assist in overcoming this barrier of seven chunks 

of information.  

The scenario of the workshop would also have required four interactive tables, ideally with 

an interacting algorithm to incorporate feedback from the other tables in real-time. 

Financially and timewise, this was not possible; it would even be obstructive, as then the 
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problem of complexity of the code would emerge. Therefore, Version 1 was, with all of the 

mentioned difficulties, the logical applied version of the CCL. Generally, according to 

feedback from the stakeholders, they enjoyed the event and the overall outcome.  

 

3.8 States of Being 
 

Version 3 was the most successful mode at the LNdW and the MetSol. Version 1 is the most 

mobile one, and has been tested at workshops as described in Chapter 3.7 and within the 

academic teaching environment. Versions 1-4 can be interlinked to modes that are more 

complex or as a cycle for presentations. Thus, different states, such as SG, dance, 

education, videos, or talks can create an order that repeats after every hour.  

 

All States of Being can be interlinked to achieve more complex simulations to react to given 

conditions. It is important to not view these dissimilar systems as singular applications to 

specific problems. Figure 61 illustrates the presentation cycle of the BrainBox installation 

at the LNdW at the Technical University Berlin in 2014. The combination of the different 

states has been successfully tested in all prototypes over the past three years. 

 

Essentially, the difference between the versions and States of Being is that the versions 

describe size, while States of Being focus on blurring the boundaries of chosen set-ups and 

techniques according to specific requirements. This is needed to ensure that the BrainBox 

is a system that can adapt to any physical location and theoretical condition. 
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Figure 61. Combination and cycle of diverse systems for the BrainBox installation at LNdW in 2014. Luca Mule. 

© CHORA 2014. 
 

SYS I 

Showroom Mode 

In this first mode, or System I, the BrainBox constitutes an open space with slides of 

information, an interactive table in the middle, and information screens and material on 

the side. No action is required. The visitor can walk through the installation. If a visitor 

wants more information, curators are available to answer his or her questions.  
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SYS II 

Presentation Mode / Storytelling 

System II is more like a stage or agora that is open to the public. The screens are used to 

make projects visual and present graphs. Similar to a “total theatre”, where the speaker 

stands in the middle and presents his or her ideas, the stage here can turn 180 degrees, as 

mentioned in the Gropius’ concept, in which the screens allow for moving images. The data 

thus handle the changes. 89  This openness enables the audience to be part of the 

dramaturgy.   

 

SYS III 

Planning Support Tool / Scenario Games 

SYS III is a projection of a real city. It can also be a projection onto a physical model of the 

city. At the moment, it is based on a 3D model of the city of Berlin. This system enables a 

faster response if the different applications were to be tested in different cities. 

 

Nevertheless, this setting focuses on an interactive environment that shows different PTs 

and OFs or MSs, from the UG within the urban context. Ideally, it should link visually 

different PTs and OFs to enable real-time planning negotiation for stakeholders, politicians, 

or pupils in an enjoyable didactic environment. The results of the SG are stored in the UG 

to create a higher degree of AmI. 

 

SYS IV 

Performance Mode 

SYS IV is an empty space. The space can be manipulated through different projections onto 

the screens, the ceiling, or the floor. These projections can be patterns that respond 

through sensors to movements of the performer. It creates an engaging stage, in which the 

actor becomes the main part of the stage. If there is no action, the room stays in its basic 

mode. If the actor or dancer starts to perform, however, the data react to the movement 

and the space adapts to the performance. 

                                                
89 For information regarding Total Theatre by Gropius, cf.: 

www.cad.architektur.tudarmstadt.de/Bauhaus/projekte/totaltheater/totaltheater-frame.html (accessed 16/06/16). 
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SYS V 

The Physical Adaptive Space 

Essentially, the wall, ceiling, or floor can be changed through sensors combined with servos 

and/or hydraulic systems. In terms of cost, it would be the easiest to focus on the floor or 

screens. Good examples already exist as prototypes, such as the Media Wall “Hyposurface” 

designed by the architectural practice DECOI, which responds to users and movement, and 

adjusts itself to a novel form. Data can also create a physical landscape, such as waves. The 

physical transformation and reaction to the user within the BrainBox is important, as it 

could create cityscapes and landscapes in real-time. However, such a “physical” interaction 

has not yet been feasible due to funding and time. 

 

SYS VI 

An Interactive Environment 

This system can be used to experience natural forces, such as wind, rain, sun, fog, or even 

earthquakes. This environment can become interactive, but more importantly, it provides 

a physical experience of different weather conditions. SYS VI aims not for a virtual 

simulation of rain, but rather creating real rain, fog, etc. A built example that approaches 

this system is the Sweetwater Pavilion by the architectural practice NOX (Lars Spuybroek) 

built in 1997. In this pavilion, it is possible to experience different stages of water, from ice 

to fog to rain to a small lake. In addition, the building responds through pulsating light to 

the number of actors within the space. However, such a solution would only be achievable 

in BrainBox Version 4, i.e., a built laboratory. 

 

SYS xX 

This system refers to future systems or modes that can be completely novel or created 

through a combination of current systems. As within the UG, in which the user can create 

novel PTs by combining different OFs and other PTs, the same logic applies for future uses 

of the BrainBox. 

 

An example of combining States of Being for a futuristic scenario is: 

SYS III + SYS V + SYS VI = SYS xI 
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We start with a projection of Berlin and place different PTs and OFs in real-time that are 

then projected onto a wall. These must selected and will then be projected onto the city, 

which is a virtual projection of a 3D model on the floor. Here, they are then visually linked, 

which normally occurs within the UG, but here occurs within the 3D cityscape. Then, a 

physical cityscape is generated through a hydraulic floor. Small cubes are lifted to create a 

mass of buildings – perhaps not in detail, but as an approximate estimation. In this way, 

the virtual projection of the city becomes a physical model. In addition, sun and rain are 

simulated, and this feed-in real-time is sent back to influence the behaviour (e.g., energy 

production) of different PTs from the UG. As Figure 61 illustrates, a cycle is possible that 

creates a program that repeats every hour for new visitors. Such a presentation cycle was 

tested for the first time in 2014, and then optimised according to the feedback of users. 

Figure 62 illustrates the combination of different systems. The blue rectangles represent 

the four screens for each system. The orange box is the interactive table. The cyan and red 

lines with the circle symbolise navigation and storytelling through different systems. While 

the cyan is present in different slides, the red line includes action on the interactive table. 

 

 
Figure 62. States of Being / storytelling within the BrainBox for the Conscious City. Pienaru. © CHORA 2015. 	
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3.9 BrainBox Prototypes  

 
Since 2014, three different prototypes of the BrainBox have been realized and tested in 

their environment. This chapter concentrates on its evolution with the incorporated 

feedback since 2014. In addition to the physical development of the BrainBox, the 

interactivity of the table with the UG has been improved. This chapter describes the set-up 

of the BrainBox in detail, what has been learned, and how the set-up of the BrainBox can 

be optimized. In detail, this is described in Chapters 3.9.1, 3.9.2, and 3.9.3.1. It was critical 

that, at all locations, the structure had to be built within two days and without large 

machines. In addition, the wiring of the technique and the installations of the screens and 

projectors required time (and sometimes more time than the physical construction of the 

structure). Chapter 3.9.3.2 Set-Up Brainbox focuses on this. To see how observers use the 

prototypes, a survey was conducted to also include the feedback of users. The surveys and 

their analyses can be seen in Chapter 3.9.4. It was interesting to observe how many were 

interested in a tool, such as the BrainBox, but only a few were interested in providing 

feedback on the surveys. 

 

3.9.1 BrainBox 2014 

 
The first prototype of the BrainBox as a laboratory was set-up for the Lange Nacht der 

Wissenschaft (LNdW) / Long Night of Sciences on the 11th of May 2014. For the set-up, we 

had the opportunity to show a simulated urban laboratory at the Technical University 

Berlin, Institute for Architecture at the Forum.  

The overall layout for the IFA Forum is shown in Figure 63. The visitors had to pass the 

reception desk, in which they were provided with information about the installation. On 

the left-hand side is the research laboratory that showed the results of the studio and 

seminars. The control center showed on screens in real-time the data that were generated 

by the BrainBox. The central element was the BrainBox itself with a height of 4.75m meters 

and a floor area of 4.75m x 4.75m / 22,56 m2. Three sides of the cubic installation had 

screens that showed data in relation to the mode chosen (Figure 64). One side was left 

open to enter the space. In the structure of the BrainBox were speakers installed that 

enabled surround sound during the performance mode. Speakers provided by the sponsor 
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Bowers and Wilkins were four M-1 speakers and an ASW608 S2 subwoofer that was 

appropriate for the space. The roof structure included four projectors, i.e., one for each 

screen and one that projected onto the floor. The observatory, backstage, and 

documentation were located behind the installation. An interactive table was not included 

in 2014. The UG was presented as a physical scenario game on a table with physical sheets 

(Figure 65). Visitors could follow the game on screens, as it was captured by a camera 

inserted into the roof structure. The interaction and steering of the data were enabled 

through an interface programmed with TouchOSC for an iPad (Figure 66 and 67). Real-time 

interaction was made possible with the use of Microsoft Kinect. Kinect measures distance 

through infrared sensors. The output was linked to graphical elements. Through this, the 

dancer could transform data and images by her movement in real-time (Figure 69). 

Polemically, this links to the digital traces that we leave by movement in urban centers. 

One corner showed panels of the sponsors for the installation that were System 180 for 

the structure and Bower and Wilkins for the sound. During the set-up at the LNdW, the 

BrainBox attracted more than 700 visitors (Figure 68). The feedback for the questionnaire 

provided in Chapter 3.9.4 was firstly recorded physically on sheets. This meant that 

students were walking around and asking the visitors for their feedback. Secondly, an 

application for mobile phones was utilized, which is termed FlashPoll.90 However, very few 

participated in the digital format. Due to the height of 4.75 m, it was possible to mount it 

onsite by manpower only. The team started, after a brief introduction of the System 180 

team, mounting the eight columns, two on each side, and the connecting cross bars. Once 

this structure was built, mounting the roof frame began, and it was then lifted on top of 

the structure and fixed. Then, the screen, projectors, and speaker were mounted in the 

framework. It can be concluded that this size is very effective and does not require a great 

amount of space. A critical point is that we only have three screens and one open side. 

Therefore, it does not generate the feeling of a closed box that might be required for a 

visitor to participate in the BrainBox on a higher level.  A time-lapse video of the BrainBox 

2014 in action at the Technical University Berlin IFA Forum can be found on the Internet on 

Vimeo “CHORA – Conscious City Lab Teaser”.91 

                                                
90 Flashpoll is an innovative smartphone app which enables integration of citizens in local decision-making processes 

through location-based surveys. Cf.: www.flashpoll.eu (accessed 16/06/22). 
91 Cf. BrainBox 2014 in action and set-up https://vimeo.com/95349046 (accessed 17/11/10). 
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Figure 63. Conceptual plan for the BrainBox Lab at the Architectural Forum Technical University Berlin. © 

CHORA 2014. 
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Figure 64. Three screens with data and projection on the floor. Luca Mule. © CHORA 2014.  

 

 

Figure 65. SYS III planning support tool / scenario game based on the urban gallery. © CHORA 2014. 
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Figure 66. Interface for incubators / programmed by Holger Prang with TouchOSC. © CHORA 2014. 

 

 
 

Figure 67. Interface for prototype 2014 programmed in TouchOSC by Holger Prang. © CHORA 2014. 
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Figure 68. SYS II presentation mode and storytelling. © CHORA 2014. 
	

 

Figure 69. SYS IV performance mode ;  dancer Uta Eismann. © CHORA 2014. 
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3.9.2 BrainBox 2015 

 
After the feedback of 2014, the BrainBox was shown again at the Metropolitan Solutions 

Fair (MetSol), hosted at the Berlin City Cube from May 20 - 22 in 2015 and at the LNdW 

(Lange Nacht der Wissenschaften / Long Night of Sciences) on 13th June 2015.  

Owing to the possibilities of new locations and the analysis of the survey in 2014, the design 

of the BrainBox changed. The MetSol was held at the Berlin City Cube and, for the LNdW, 

the BrainBox was shown at the prestigious Lichthof at the Technical University Berlin. These 

locations allowed a height of up to 10 m, leading to four screens 7.5 m x 7.5 m that floated 

approximately 2.50 m above the floor, allowing visitors to enter the space from all sides 

and to be part of the installation (shown in Figure 73 and 74). This was required to better 

engage the visitors within the installation, as well as escape from the directed version with 

three screens that also allowed 360-degree animations. A statistical analysis performed by 

Buro Happold demonstrated that the same system provided by System 180 could be used. 

Due to structural and safety reasons, a few more diagonals had to be inserted. It was also 

necessary that the Box was used indoors because it would not hold against external wind 

loads.  

The main task was to determine how to construct the BrainBox without automated help, 

as no large machines were allowed in the City Cube in Berlin, the location of the MetSol, 

and especially not in the Lichthof of the Technical University Berlin because it has a floor 

with historic tiles. Thus, everything must be mounted on-site. The idea was to work with 

five hydraulic workshop cranes (as shown in Figure 72) that needed to be operated 

manually. To test this process, we had the possibility to set-up the structure of the BrainBox 

at the “Wasserbauhalle” of the Technical University Berlin. The entire structure fit into one 

van, and the team comprised six persons, i.e., three from System 180 and three from the 

Technical University Berlin. The structure was erected in only eight hours. It is important to 

note that we were only considering the physical structure, and not the screens, projectors, 

speakers, cables, etc. This caused many problems later during the set-up at the MetSol. 

This experience led to a more optimally coordinated set-up at the LNdW at the Lichthof. 

The conclusion was that it is feasible, but that the set-up for the media technique needed 

to be reconsidered in 2016. The construction of the first structural prototype at the 

“Wasserbauhalle” can be seen in Figure 70. 
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Figure 70. Set-up for the first structural prototype of 10 m at the “Wasserbauhalle” Technical University Berlin.  
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Figure 71. Set-up of the BrainBox for the LNdW at the historic "Lichthof" of the Technical University Berlin in 2015. 
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The set-up of the BrainBox at the Lichthof of the Technical University Berlin is shown in 

Figure 71. The physical game that was simulated in 2014 with printed sheets with the 

TouchOSC interface was replaced by a 46” MultiTouch table with an advanced full HD LCD. 

The MultiTouch table was used in connection with Processing.org, an artistic open source 

programming language. The code loads the information of the MS, OF, and the PT from a 

spreadsheet in objects. The outcome is that the information is visualised on the table. The 

process could be guided in real-time by UG cards that have an augmented reality (AR) code 

on the back. 92  The MultiTouch table acted as an integral part of the installation and 

attracted many visitors. However, the SG itself still needed an introduction to the visitors 

for them to understand how it worked. The Kinect sensor was omitted due to the height of 

the installation, and replaced by videos and a performance by the band “Anatopia” and a 

DJ / VJ battle. 

A counter on one side of the structure was introduced as the control center and 

information desk (Figure 73 and 74). Two shelves provided additional printed information 

about the installation, as well as flyers of the sponsors. One side consisted of a small wall 

that showed a household of the future provided by Vattenfall, one of the main sponsors. 

The wall was only shown at the MetSol, and not at the Lichthof. The visualization and the 

built version of the BrainBox in 2015 at the Lichthof is shown in Figure 75 & 76. 

 
 
Figure 72. Rendering of a hydraulic workshop crane. Five of them were used in a rotating system to erect the 

BrainBox.  

                                                
92 Information taken from the Modelling City Systems report 2014 / Chora City and Energy. 
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Figure 73. Design for an arrangement with four different States of Being at the MetSol 2015. 

 
Figure 74. Design proposal for MetSol and LNdW in 2015. 



	

	 214 

 
Figure 75. BrainBox proposal at the Lichthof of Technical University Berlin. Rendered by the author 2015. 

 

 
 
Figure 76. BrainBox at the Lichthof of Technical University Berlin. © CHORA 2015. 
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3.9.2.1 BrainBox 2016 

 

The final, up-to-date prototype was set-up at the Metropolitan Solutions (MetSol) 2016, 

from 31 May to 2 June (Figure 78) and at the LNdW on 11 June 2016. There were over 

29,000 visitors in Berlin and Potsdam. Due to the success of the PT in 2015, the host, 

Technical University Berlin, again allowed the set-up of the BrainBox at the “Lichthof” 

(Figure 77).  

 

After analysing the feedback from 2015, the BrainBox’s physical design did not change. The 

installation did, however, have more powerful projectors and better screens, so that the 

visual aspects could be better seen during daylight. More energy was also utilized in 

optimisation of the code and interactivity. As this was the last PT for this thesis, a final 

complex survey was conducted during the show to include feedback from the visitors. 

 

 
Figure 77. BrainBox at the Lichthof of Technical University Berlin. © CHORA 2016. 
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Figure 78. The BrainBox at the MetSol in 2016; with generous permission from Dominik Gauglitz. 
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3.9.2.2 Set-Up BrainBox MetSol 30 May 2016 

 

The BrainBox event at the MetSol 2016 in Berlin was timed in order to optimise the 

procedure of the set-up of the BrainBox for future events. The MetSol took place from May 

31 to June 2 of 2016 at the Berlin City Cube, Messedamm 26, 14055 Berlin, Germany (Figure 

79). 

 

The structure of the BrainBox was based, as in the years previously, on a modular system 

provided by System 180. System 180 is based on a modular structure that has a timeless 

design language. It constitutes a functional system with a constructive design aesthetic and 

a constant value. Detailed information can be found on the System 180 website.  

 

The set-up for the physical structure of the BrainBox took approximately 16 hours in total. 

In addition, five hours were set aside for adjusting the projectors and wiring the electronics 

within the system. The team comprised one person at a construction lead, two people 

provided by System 180 as additional supervisors, and six assistants. For lifting the 

structure, the construction team used five manual hydraulic cranes. The technical team for 

wiring consisted of three people, who required a lifting ramp in order to operate at a height 

of approximately 10 m. 

 

To speed-up the process, the main frames of the roof structure were prefabricated in the 

System 180 factory and then delivered to the site. Once the roof structure was screwed 

together, the team had to mount the four rolled projection screens in order to lower them 

later once the structure was erected. At this time, one person from the technical team 

prewired the electronics, such as power and HDMI cables for the projectors. 

 

Once this was accomplished, the construction team proceeded with the construction of the 

eight columns. The structure was lifted with the hydraulic cranes and, once one layer of the 

columns had been mounted, the structure was lifted to another level, always with four 

hydraulic cranes, one for each side. The fifth crane was used to reposition the others to get 

them ready to lift the structure again by a new layer. 
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The times are given below: 

 

Mounting roof frame 1    08:30-10:00 

Mounting roof frame 2   10:00-13:00 

Cross brace of the roof   10:00-10:30 

 

Rolled screens     15:30-16:30 

 

Columns     17:00-22:00 

Adjusting structure to position  22:00-22:30 

 

Unrolling screens / fixing screens  22:30-24:00 

 

Construction of counter / position  22:30-23:30 

 

Installing projectors with lifting ramp 23:00-02:30 

 

Wiring and adjusting of projectors  02:30-06:00 

 

These timings do not include the positioning of the furniture and the monitor screens on 

the counter, as well as cleaning up the location. 

 

During this process, new stainless-steel screws were utilized in the roof construction. 

Owing to the weakness of the material, there were several problems with these screws. 

Consequently, they had to be flexed and replaced by original screws. This process took a 

substantial amount of time, and can be optimised in the future by using the original screws. 

In addition, numerous team members eventually experienced a certain amount of fatigue, 

and consequently made some mistakes that then had to be rectified. 

 

In conclusion, we can assert that it is possible to set-up the construction in one day. 

However, we have to recommend that, in the future, at least two days are set aside for the 
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construction. Ideally, the roof should be pre-mounted in the System 180 factory and 

screwed together on-site. Then, the technical team should insert the required cables, etc., 

and the four screens. On the following day, columns and furniture can be set-up, and the 

projectors can be adjusted. Having two days enables the team to work in a healthier 

environment to set-up the BrainBox with less pressure. In addition, the technical team is 

then able to recuperate for the following events. 

 

 
Figure 79. Set-up of the BrainBox at the MetSol 2016. © CHORA 2016. 

 

3.9.3 Surveys 

 
In order to determine if a participative tool for future cities would be accepted by the 

visitors, three surveys were performed. The first two were more generalised surveys in 

2014 and 2015 in the interest of achieving general feedback and to optimise the BrainBox. 

Feedback from users of 2014 and 2015 was taken seriously to optimize the BrainBox, the 

structure, the design, the system, the performances, i.e., within budgetary constraints. In 

these first two years, the polls were conducted in German. The last survey in 2016 had 
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more detailed questions concerning insight into the background of users, visitors, and 

observers.  

 

The proposed questions were prepared in a team93 for the first and second installation in 

2014 and 2015. It was important to see how the CCL can be improved, how well the 

structure and the system are, and to get an overview of whether the visitors were already 

aware of digitizing the cities. For the last prototype or experience in 2016, the question was 

a bit more advanced but not complicated. Basically, it was about bringing the visitors and 

their detailed consideration of future cities into the planning. 

 

The survey of 2014 was the only survey that was assisted by the “Flash Poll” system for 

mobile participation of the Nexus Institute Berlin.94 The Flash Poll tool uses spatial context 

information and geospatial data to target specific user groups of urban spaces. The mobile 

voting on smartphones makes it feasible to place the survey in a narrow spatial and factual 

context. However, we could see that the number of users was not very high. This could be 

related to that visitors were wandering around the LNdW 2014 to see different actions, and 

might not have had time to inform themselves and to install software for mobile user 

participation. Therefore, we did not have a sufficiently large number of votes that would 

have made sense to include in the survey. However, we could assert that such mobile 

participation systems are of high value for city planning in the future. This is because 

stakeholders mobilize their followers and manipulate results; often, there is no reference 

between interviewees, question-makers, and the subject of the question. Moreover, the 

survey is too long, and the participants do not receive feedback on the overall result. 

 

These surveys were important because we wanted to determine whether citizens are 

interested in the unseen networks that surround them and if there is a will to participate 

in planning processes. In addition, we needed to investigate if there is an understanding of 

what smart city, future city, and data city mean. Finally, we needed the respondents’ 

comments to understand which version in the presentation cycle was most accepted by 

                                                
93 Team: Koering, Dietmar; Pipan, Tomaz; Prang; Holger; Schorr, Jonas. 
94 Flash Poll is a joint project of diverse partners – one of which is the ZTG of the Technical University Berlin with 

whom we collaborated. 
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visitors. Figures 81 and 84 provide the questionnaire. Figures 80 and 83 show the results in 

percentages of the questionnaires in 2014, 2015, and 2016 

 

This feedback was of importance to more thoroughly understand the citizens and the users 

of such systems. As one can see in the introduction, there is a history of computerised 

systems that are driven by highly specialised workers and are difficult to access. In today’s 

data debate about “smart cities”, companies and politicians are now frequently involved. 

However, the people who actually provide the data are still not involved. Thus, we have to 

determine if there is a desire to participate among citizens, as well as how we could 

improve such participative systems. 

 

3.9.4.1 Surveys 2014 and 2015 

 

The surveys in 2014 and 2015 had three main questions. The first one asked which part of 

the installation the respondents preferred the most: dance, DJ battle, smart city, GS, 

videos, lectures, or projects. The second question concerned integration of the audience 

within the installation, and the third question asked if such a tool was required in the 

context of the cities of today. 

 

An interesting result was found with regards to the first question. It is clear that artistic 

performance, such as the DJ battle and dance, had a positive impact. In addition, the SG 

that was on a physical board in 2014 was the most preferred. In 2015, however, it was 

replaced by an interactive table, and people lost interest. Perhaps the respondents had 

easier access to board games than interactive simulations, in which it was difficult to 

elucidate the flow of data. Therefore, this system must be optimised. In addition, 

respondents also lost interest in smart cities, perhaps due to the detailed topics that were 

shown. The loss of interest indicates projects that were not sufficiently structured for the 

presentation within the BrainBox, as all of them are within the field of smart cities. 
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The second question asked if the respondents felt that they were a part of the installation. 

In 2014, the BrainBox had three screens and most users agreed to be involved, but only to 

some extent. The result was that the design had to be changed. In 2015, the BrainBox was 

larger, with four screens that formed a 360-degree view with the table in the center. People 

could walk in the installation and were surrounded by information. This change in design 

resulted in people becoming more involved. Even so, it was quite difficult for observers to 

realise what was occurring, owing to the height of the structure and the resolution of the 

projectors. The conclusion was to keep the structure, but to use better projectors and 

screens in 2016. 

 

The final question asked the participants and observers if they thought that a tool that 

assists understanding the complexity of cities and data is crucial. In both years, a vast 

majority agreed that it was. Thus, it is logical to conclude that citizens still do not have a 

proper platform to participate with unseen networks and data in today’s urban centers.  

 

One can see that a tool or platform is necessary, and that there is a strong desire among 

citizens to have such a tool. The data that are presented with this tool also have to be more 

easily accessible and relevant to today’s debates. While artistic performances help to raise 

consciousness, it is still critical to develop SG to a level in which people are integrated and 

can act on a planning level with planners and politicians. Overall, people who visited the 

BrainBox were interested, and wanted to learn about networks and how decisions are 

made. 

 

All comments were taken seriously and used to improve the BrainBox in 2016. For an 

outcome, a more elaborate questionnaire was used. The results are described in the next 

chapter. 
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Figure 80. Results in percentages of the questionnaire 2014 and 2015. 
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Figure 81. Survey questions in 2014 and 2015. 
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3.9.4.2 Survey 2016 

 
Since the surveys in 2014 and 2015 were more general and related to the design and the 

general interest of the topics shown in the installation, the survey in 2016 is more 

elaborated on (Figure 84). Being aware that this would be the last large prototype of the 

BrainBox within the framework of this thesis, final questions were added that will be 

reviewed in the conclusion. The questionnaire also included gender, age, profession, and 

whether or not they have children. The aim was to determine whether people with children 

think differently about the future of our cities. No difference, however, was found. 

Considering that we had only 25 participants, given the importance of the topic, this finding 

should not be generalized. Perhaps this relates to the general role of the citizen in our novel 

digital context and possibilities of digital participation, i.e., people must be attracted to get 

them involved into participatory processes. Only a few actually participated in feedback, as 

long as they were not personally connected to the topic (hence, part of the Technical 

University Berlin team). We can only assume that advertising and larger raise of 

consciousness assists in obtaining greater participation. In addition, participants were 

allowed to mark more than one field if they had a variety of interests. 

 

However, from the 25 people who participated, we had a wide field of professions, such as 

consultants, architects, designers, urbanists, social workers, physicists, engineers, 

developer, environmental analysts, inventors, entrepreneurs, and students. Among them, 

there were seven females and 16 male participants, while nine had children. The youngest 

participant was 25 and the oldest was 59; most of the people from the survey were in their 

30s. 

The next question “Which part of the education of new planners plays an important role?” 

aimed to ascertain which topics might be relevant in the teaching environment. Fifteen 

ticks were made for technology and engineering, 13 for design and modelling, nine for 

research, six for education, and three for science. Thus, people would prefer if the teaching 

environment was focused on the relationship between technology and engineering, as well 

as design and modelling. These five topics were adapted from a graphic shown on the title 

page of the "3rd International Conference on Design and Modelling in Science, Education, 

and Technology: DeMset 2013" in the context of the "4th International Multi-Conference on 
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Complexity, Informatics and Cybernetics: IMCIC 2013".95 As a result, we can conclude that 

design and modelling, as well as technology and engineering, play an important role in the 

education of new planners (Figure 82). Therefore, it is less the classical master plan, and 

far more the adaptive master plan. The adaptive masterplan  links to the integration of 

technologies confirming to time and what kind of form is been generated on basis of 

environmental data and requirements.  

 

 
Figure 82. Synergetic relation of design and modelling, and technology and engineering, according to the survey in 

2016. 
 
As cities have dissimilar interests and topics, we wanted to determine which one the 

participants favoured most. Successful topics were mobility (12) and living (12), followed 

closely by communication (10). The midfield had eight ticks each for governance, people, 

and environment. Districts and testbeds had six ticks, and resources and economy had four. 

Fourteen people were concerned about their digital future and their relation to data and 

city, while seven said no and one was not sure. People with children answered this question 

equally. The idea was to see, if there is a difference having the idea of a grandchild future 

                                                
95 Source: www.iiis2013.org (accessed 13/01/24 12:08; source is not online anymore). 
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in mind. From the nine participants with children, six were concerned and three said no.  

To achieve an answer that is more substantial, we would need to have more feedback. 

The next questions dealt with direct involvement with the BrainBox. To some extent, these 

questions had also been also part of the surveys in 2014 and 2015. The first question here 

simply asked which part the participants liked most. Sixteen liked the innovation talks 

followed by six who preferred the scenario games. After the results of 2015, it was clear 

that the system on the interactive table had to be optimised that was, according to this 

survey, a success in 2016. Four people liked the video and, interestingly, only one voted for 

the dance and another one for the topic “Be Digital Berlin”. The next question asked: “Do 

you have the feeling of being a part of the installation?” Nine answered absolutely, and 

another nine yes to some extent, but they felt that they were more of observers. Four said 

yes, and none said they were not at all part of the installation. In conclusion, the installation 

in 2016 was positive in terms of integration, but not perfect. In the future, these findings 

will lead to identifying new ways for the BrainBox to be further optimized. The last question 

asked the participants if a tool that helps to understand the complexity of a data city is 

useful. This question was also part of the previous surveys, and here the majority always 

said yes. Also in 2016, 24 people said yes, none said no, and only two said “What is a data 

city?” One can see in all three years that there is a strong desire by the users and 

participants for a tool that is easily accessible to understand what kind of data are 

generated within the city and how these can be utilized by human beings. 

Comments by users about how to improve the BrainBox in the future included the need for 

better projectors with a higher resolution. According to the survey in 2016, many people 

had problems with them, and this should be taken seriously in the future. We can assert 

that this is also a factor that is linked to budget, as using four high-resolution projectors 

over four-to-five days is expensive.  

Moreover, there was a desire for fewer cards to better understand the concept of the UG, 

and to integrate the interactive touch table better with the entire installation. One very 

interesting suggestion was to develop the BrainBox in a way that it is also accessible from 

home. Further suggestions were more hands-on versions for visitors, and adding 

workshops for the participants and visitors. 
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Figure 83. Results in percentages of the 2016 questionnaire. 
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Figure 84. Questionnaire for the survey in 2016.
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PART IV - Conclusion and Future 

 

4.1 Introduction to Part IV 

 
“… modern society does not recompense its intellectuals judiciously, it still tolerates the old 

arrangements as to property that are a serious barrier in the way of transforming the town 

or the house. Established property rests on inheritance and its highest aim is a state of 

inertia, of no change and of maintaining the status quo.” (Corbusier, 1927, p. 260). 

 
Le Corbusier’s wrote this approximately 90 years ago, and mankind has not changed since 

then in regard to its personal attitude in relation to property and transformation. It is likely 

that the total digitalisation of society will not solve the arising problems of urbanization. 

Moreover, it might be inaccurate to assert that the CCL with the BrainBox will solve the 

super wicked issue of global warming. Nevertheless, thinking  about sustainably and 

business is important. Only appropriate business models will have an impact. These models 

can only be created by a new consciousness.  

This thesis provides insight into the history of computation and early thought to elucidate 

the complexity of ecosystems, cities, and states. Case studies which acted as prototypes 

for future holistic systems and which were driven by Big Data were reviewed. Much 

futuristic experimentation from the past is today’s reality. In addition, there has been a 

massive awakening of technologies in the last 50 years that can be positively utilized. It is 

the case that most of them have more positive effects than negative. Even if people are 

afraid of AI and robotics making certain jobs obsolete in the near future, we can also see 

that novel ones will be generated. To adapt to this transition, an innovative consciousness 

is required. Frequently, the ways of participation are broad, but only knowledge about 

novel technologies will facilitate participation. This is elaborated on in Chapter 4.2 

Conclusion, which is structured into three parts: global layer, scientific layer, and personal 

layer. Chapter 4.3 Strategic directions for the use of the CCL concentrates on how we, as 

architects, planners, politicians, and citizens, can participate in this process. Can we, in the 

future, discern borders between artificial and natural systems?  
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4.2 Conclusion 

 

At the beginning of this thesis was the question of original research "BrainBox - The creation 

of a smart planning tool, which relies upon real time feedback loops in an artistic manufactured 

space for didactic purposes”. The name BrainBox was changed in 2016 for legal reasons in 

Conscious City Laboratory. However, we must admit that the new title CCL now comes to 

the point and better describes the main objective of the laboratory, as BrainBox was catchy, 

but somehow abstract. Consciousness has always been an issue that is needed for human 

intelligence and therefore for smart cities. Moreover, it was the time when Palti and Bar 

published "A manifesto for conscious cities: should streets be sensitive to our mental 

needs?" (Palti & Bar, 2015). Recently, many new sources about the ethical relation of AI 

and humans were published in 2017 and the following years, such like Homo Deus (Harari 

N. Y., 2017) and Life 3.0 (Tegmark, 2017). Therefore, the title of the dissertation was 

changed to the  Conscious City Laboratory - Explorations in the history of computation, 

cybernetics, and architecture: Foresight for artificial intelligence and human participation 

within cities. 

 

So far, the structure of this thesis might suggest to the reader that we have considered 

separate topics. In Part I, we look back at the history of computation, cybernetics, and early 

experiments. In Part II, we focus on cutting-edge technologies that are again a part of 

today’s reality. However, both chapters are complementary, and are needed to generate a 

common knowledge about consciousness, networks, computation, and cities. To open up 

a larger context, certain case studies are highlighted in the context of human being and 

computation in the introduction. However, how can we define these from the viewpoint of 

an architect and urban designer? We must create a framework in which we operate that is 

always open to new ideas. This framework is based on the view of radical constructivism 

that was coined by Ernst von Glasersfeld (von Glasersfeld, 1984) and supported by Ranulph 

Glanville (Glanville, 2012). Moreover, it is based on the idea that generalists are required 

to manage complexity, which is in line with the view of Ludwig von Bertalanffy (von 

Bertalanffy, 2013). Von Bertalanffy himself was nominated for the Nobel Prize and his 

nomination was written by one of the greatest generalists of the 20th century: Buckminster 
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Fuller. However, how can such a framework for a city be represented? How can we link 

urban design, cybernetics, government, and random variation? This was exemplified in 

Figure 1, i.e., a basic feedback-control diagram added with the creation of phenotypes and 

Black Swan events that is based on a paper by Emanuel S. Savas “Cybernetics and the City 

Hall” (Savas, 1970). The new impulses refer to a part of random variation, in relation to 

phenotypes defined by Richard Dawkins or Black Swan events, as Nassim Nicholas Taleb 

terms them (Taleb, 2010). As mentioned earlier, definitions of cities are already vague 

because all definitions possess an incorporated complexity, and thus this term needs to be 

simplified. A possible simplified definition is that urban centers are devices, as devices are 

transforming matter (Bunschoten, 2002). Indeed, devices can be handled, represented in 

diagrams, and are simpler to understand, i.e., they are based on networks (Batty, 2013) 

through which we communicate. The evolutionary process of devices to minimize negative 

feedback is normally accomplished by developing prototypes. It could be asserted that 

prototypes are machines of mutation. Prototypes are linking participatory elements that 

refer to the need for a communication platform, such as the CCL. Particularly interesting 

were the topic of foresight and the AI with the possibilities of human participation in cities. 

Something where the three prototypes from 2014 to 2016 are ideal to test if such a tool is 

of interest. Due to limitations we could not program a AI in its full complexity, and of course 

no AGI. However, since the data used from the city was somehow always influenced by AI, 

AI has been implemented in some way and the prototypes were therefore authorized to 

answer the research question. Despite this, we have to understand that if we present 

relations of prototypes and the device, i.e., the city, it always constitutes an abstract 

presentation of an intelligent state of thinking. There is no communication which follows 

the concept of input – wait, think, and then output that is reviewed and then used as input 

again. These are terms used to visualize communication in diagrams. It can be concluded 

that if any communication between humans follows this logic, it would end immediately. 

Far more communication is, in reality, a reflexive non-linear reaction, but we need these 

diagrams to explain our thoughts. Dr. Bernhard Scott points out that: 
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“The cybernetician accepts explicit reflective recognition that second-order cybernetics is 

reflexive - that he or she is just such an actor and, as such has responsibility for the worlds 

he or she brings forth “ (Scott B. , 2002, pp. 21-26). 

 

The above statement is consistent with the purpose of this thesis. This can be justified, as 

knowledge is generated in us, in people, and it is those who set ethical goals for the future 

to promote health and well-being. However, which such a holistic statement we can ask: 

How is this possible? Can people do that? Because if, why do we have climate change, crime 

and so on? But all given examples are created by humans and can only be solved by them. 

Here are addressed wicked problems that need to be resolved for further progress. In 

addition, humans have the unique gift of critical self-reflection that should support ethical 

values. With the act of critical self-reflection, we realize that we are part of our 

environment and that we are influencing the reality of other beings by our acting. 

Moreover, being aware that certain topics are highly complex and cannot be highlighted in 

detail, it is up to the observer to create his or her own reality and to identify certain aspects 

that require follow-up actions, which would occur anyway if the observer acts in a 

conscious manner. Ranulph Glanville frames this in a clear way in his paper “as if (Radical 

Objectivism)”: 

 

“Our reality is not given. Without us, we have no reality, for that reality is our experience 

and our experience requires our presence and our acting. Nor do we take our reality: there 

is nothing to take. We make – construct.” (Glanville, 2012, p. 107). 

 

Thus, if humans construct their own reality, then they are designers, as reality is not given, 

we design our reality. Design is also the only way to handle wicked problems, as described 

in chapter 1.7 Tame, Complex, and Wicked Problems, through being aware that 

communication is design. From a scientific perspective, we consider integrators - systems 

or persons in which the output is an integral part of the input. Hence, output and input is 

always based on communication. Such feedback-loops should preferably generate human 
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consciousness, as described earlier with the understanding of SOC, the act of critical self-

reflection. 

If we consider the CCL and the BrainBox, we must have knowledge of cybernetics. After the 

theoretical outline of the need of cybernetics, this is explained in relation to two important 

historic projects: Cybersyn and the Grassland Biome. This also shows that certain topics 

and questions have existed for decades, but also that it was not only a mathematical 

science. Far more, it can result in a way of life and also in arts, as one specific chapter 1.4 

Art and Cybernetics suggests. In fact, it concerns communication and feedback, but also 

observation, which leads to our own reality and how we behave in this environment.  

 

4.2.1 Global View 

 
Since the discovery of writing, human beings have used algorithms to collect and optimise 

data of their communications and environment. Meanwhile, the invention of computation 

has become much more advanced. Concepts and ideas which were deemed utopian some 

decades ago, are now real. Since these beginnings, scenarios in which conclusions were 

made must be compared to the speed that computation is evolving, according to Moore’s 

Law. While we are today at the end of the development of the digital computer, a new 

generation is about to arrive, i.e., quantum computers. However, we should still learn how 

to adapt to these novel technologies. Adam Gazzaley, a neuroscientist and professor of 

neurology, physiology and psychiatry at the University of California, San Francisco, frames 

this as follows: 

 

“The world is challenging with the constant stream of new data. Therefore, we have to 

optimize our brain as good as possible.” (Gazzaley, 2016, Time: 2:44). 

 

So, finally, 50 years after Wiener’s quote regarding human adaption to this novel 

environment, humans adapt with their brains by acquiring knowledge, perhaps because 

the new digitalisation allows us to do so. Preferably, this adaption should occur by 

gathering data that are required for governing and foresight. A simple example of this is 
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human adaption to the weather. We react to weather forecasts96 on the television or 

specific applications, or respond to data that are sensed by a thermometer that tells us the 

temperature. According to this feedback, we choose how to dress. Also present is the 

general axiom of how many layers we have to wear in the spring, summer, autumn, and 

winter. However, this axiom does not tell us if it is raining, and also not the thermometer 

on the balcony, but the weather forecast or the rain radar within our phone. Another device 

is a thermostat that is often utilized as a mechanical or digital instrument that guides us 

and acts on feedback to explain first-order cybernetics. A thermostat regulates 

temperature within its monitored environment, according to an incorporated sensor. Thus, 

it possesses an incorporated intelligence and achieves the desired temperature that again 

is human-controlled or fed by data. However, the reality is if we look into the future and 

frame this in the context of Juergen Schmidhuber, the co-director of the Swiss Research 

Laboratory for Artificial Intelligence, then with advanced technologies, such as singularity 

and AI, mankind will no longer be able to adapt. Probably then, technology will adapt itself 

to the human body, as smartphones will disappear as physical devices and will be 

embedded in the body. The curator of MOMA in New York, Paola Antonelli, speaks in an 

interview with Spiegel (Antonelli, 2016) about the disappearance of the smartphone. This 

view is associated with the shrinking of technologies in terms of scale, as we refer to Ratti 

and Claudel (Ratti & Claudel, 2016, p. 50). Antonelli’s opinion is that this will lead to new 

forms of interaction design, and that design constitutes the first signal of human intention 

about which we can agree, as design can be a tool for communication. Moreover, according 

to Glanville, design is the practice of cyberneticians, in which cybernetics is again a theory 

of design (Glanville, 1998). Paola Antonelli states the following, perhaps in this context of 

“elasticity”: 

 

“Adaptability is an ancestral distinction of human intelligence, but today’s instant variations 

in rhythm call for something stronger: elasticity. The by-product is the ability + acceleration, 

                                                
96 Weather forecasts today are based on AI, IoT, and machine learning processes. This simple example shows how 

we, as human users of forecasts, are already interacting with AI on a simple level. 
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elasticity is the ability to negotiate change and innovation without letting them interfere 

excessively with one’s own rhythms and goals.” (Antonelli, 2008, p. 14). 

 

Therefore, it is an interesting link to Norbert Wiener’s (Wiener, 1954) concepts and the way 

that we, as humans, or AI based on algorithms, aim for adaptation. In addition, design is a 

way to cope with wicked problems, as elaborated on in this thesis in Chapter 1.7. Paola 

notes that good designers are attempting to make technology invisible and ideally 

integrated (Antonelli, 2008).97 Here, views probably vary because sometimes technology 

has a beauty of its own, and thus it might be retained. If we refer to Ratti and Claudel, they 

speak of the logical possibility of the size of technology. An interesting example of this in 

architecture is the Centre Pompidou by Renzo Piano and Richard Rogers, realized in 1977. 

Even if the technology might disappear, this would not solve the problem of how we update 

body interfaces if we increase the speed at which these are developing. Literally, would this 

mean that we would need a new interface for the body every five years? Will this lead to 

the exclusion of human beings from technology? This exclusion of human beings and their 

own values from operation units and their surrounding environment was noted by Robert 

Boguslaw 50 years ago as follows: 

 

“The values of human populations increasingly become excluded from the dialogue 

between operating units and their environments. … The information necessary to 

understand operating unit characteristics becomes the content of educational programs; 

operating unit characteristics shape society’s demand for natural resources, economic 

arrangements, philosophical orientations, and family life.” (Boguslaw, 1965, p. 126). 

 

It is probably not the exclusion, but the new perspective within the human-machine 

relationship, as described in the introduction. Within this thesis, we supplied evidence that 

Boguslaw’s view is true and false at the same time. Yes, humans have become more 

excluded from the dialogue between operational units and the environment, due to a lack 

                                                
97 As an architect, I cannot totally agree with Antonelli because then the Centre Pompidou would not be the building 

that it is today. 
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of awareness and the way that code is written today; and no, because the body meshes 

with these technologies to form a novel symbiosis (Koering, pp. 63-68). However, how does 

this relate to a main inquiry of this thesis: 

  

“What does human participation mean in an age of artificial intelligence?” 

 

Specifically, it is not AI that connects to human beings, but it is AI that mimics them.  Either 

by writing algorithms for it or through the use of CPS to access knowledge, a greater variety 

of tools will be created to cope with arising problems. Information perceived is mostly used 

as an open-loop system. Each person could eventually participate and create closed-loop 

systems if he or she becomes a programmer, but this is not a sufficient answer to the 

problem, nor is every person in the position to become a programmer, which leads to the 

ethical dilemma we have. A programmer is seen as a body with an understanding of certain 

subjects to enable in-depth change of such algorithms. Although this is not possible with 

pure knowledge, knowledge does create an awareness of these subjects and might 

influence the behaviour of the user that is being exploited, keeping in mind Stafford Beer 

(Medina, 2011, p. 200) who sees in the term exploitation the meaning of gathering data. 

However, borders between physical- and virtual-space are being blurred (Naughton, 2016). 

Data are constantly generated and human being can be tracked, physically via GPS, and 

virtually by traces left with their IP. Therefore, this can be only solved by a novel 

consciousness and open space for digital participation. This new novel consciousness and 

such an open space, like the proposed CCL, is needed to educate a new type of planners, 

which are aware about these changes. This might sound radical, but in the end responds to 

Burckhardt’s critique from 1974 (Burckhardt, 2017 (*1974)). Moreover, the “extended” 

human brain through new technologies will be part human and part artificial intelligence. 

However, in general, if AI starts to mimic human behaviour, then Juergen Schmidhuber is 

correct that AI no longer needs humans, and this is in line with Harari’s view (Harari N. Y., 

2017). This would lead to a non-human, preposterous future, although it would certainly 

be highly effective. 
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This still might seem to be futurist, but the reality is that certain large companies, such as 

Amazon, Google, Facebook, Microsoft, Apple, etc., know how we feel, what we like, where 

we are, our political views, our friends now and in the future, our interests, etc. These data 

are not gathered from personal interviews and consultations, i.e., they are analysed by our 

behaviour in meta- and cyber-space. Therefore, positive participation of citizens with 

assisting AI is not currently occurring. New city laboratories have to be created and find 

ways in which humans can co-exist positively with AI. New open-source applications must 

be released so that communication becomes essential again. Many people are afraid of 

advancements in technology. To counter this, we need a friendly AI (Yudkowsky, 2008) that 

assists and does not dictate. We need an AI with ethical values, as discussed in the 

introduction Ethics, AI and Human Beings. First steps are being taken, as the foundation of 

the Future of Life Institute (Tegmark, 2016), but much more is needed. It also needs to be 

noted, that AI is changing our environment, but it is a process, which happens fast, but not 

over night. Some people, like the UC Berkeley Professor Michael I. Jordan, one of the 

leading figures in Machine Learning, even states, that the real AI revolution has not yet 

happened (Jordan, 2018). Jordon is stating, that: 

 

“Whether or not we come to understand “intelligence” any time soon, we do have a major 

challenge on our hands in bringing together computers and humans in ways that enhance 

human life.” (Jordan, 2018). 

 

This is indeed a very ethical but also problematic statement, because we simply do not 

know how to do this. The discussion of Ethics and AI has just started, and is, related to 

wicked problems. Human-to-human communication must constitute the priority, followed 

by technology that assists us in processing chunks of data. Probably, search engines of the 

future will know better than us what we are seeking. Indeed, search engines use algorithms 

that we have written. Therefore, what is real? Will search engines really provide the correct 

answers? Dr. Phil Kraft, a former Ph.D. student of Robert Boguslaw, mentioned that 

memories can be misleading, and this is certainly not the case for algorithms.98  

                                                
98 Kraft, Philip; personal communication (17/11/06). 
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4.2.2 Urbanistic View 

 
The debate over the integration of the citizen has raged for decades. Within this thesis, we 

begin in the 1970s with Emanuel S. Savas. However, one could state that this began with 

Plato, Aristotle, Socrates, and their Athenian Agora (Whipps, 2008). The importance of 

participation of the citizen is highlighted, for example, in an article from The Economist 

Intelligence Unit “Empowering Cities” (The_Economist_Intelligence_Unit, 2016). The article 

also shows that a legitimate process has not existed for the last 50 years. In this, Jay W. 

Forrester99 was probably correct that the results have not been satisfying. New is the digital 

layer, i.e., cyberspace. The importance and possibilities of this relatively novel layer show 

us the engagement of global players. On the other hand, however, we might ask the 

following question: If not the global players, who else will finance such research? Only large 

companies have the financial resources to perform ground-breaking research and to 

develop applications that will embed new technologies in the urban fabric. What in the 

past was feasible through the Cold War if we examine institutions, such as the RAND 

Institute and its funding structure, is today administered by large companies, such as 

Google X. We all support these global players with our own data, and can only hope that 

major breakthroughs, such as in medicine, will be accessible to the whole of mankind and 

not only selected individuals. This could be compared to, however, a dance with the devil.  

Most European governments have recognised this problem, but have not responded in a 

democratic manner. Data is the numerical representation of content, objects, or media 

associated with the idea of McLuhan (McLuhan, 2011), and his idea about the medium is 

the message. So it's about data. Data is a unit that can be measured, collected and 

reported. It can then be analysed and measured, which is usually used to optimize 

processes. Data can be displayed as graphics, animations, or images to reduce complexity. 

In this thesis, data is visualized to reduce complexity and support participatory urban 

planning processes. Nevertheless, the data simply do not deliver results, they have to be 

"mined". In fact, this requires some human intelligence to determine the results that lead 

to results in the data patterns, etc., and is the basis for AI, machine learning, and deep 

                                                
99 I am grateful that Jay Wright Forrester († 2016/11/16) was answering my emails even at the age of 98.  
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learning. Today's capabilities with new algorithms and computing capabilities make AI 

applicable, but it may also be advisable to apply ethical standards such as fairness and well-

being to the goals of programmed algorithms for data mining. The use of data mining leads 

to new knowledge. New platforms such as the Datajusticelab100 are exploring the ideas of 

social justice that should be reflected in the ethical goal of fairness in the age of data 

collection. In addition, a new open access publication by Daly, Devitt, and Mann (Daly, 

Devitt, & Mann, 2019) indicates that we need to refrain from strong criticism of the 

ubiquitous poor data practices of governments and private actors in the globalized digital 

economy. Their book GoodData aims to paint an alternative, more optimistic, yet 

pragmatic picture of the data field future. As already mentioned, only a positive attitude 

within a revolution leads to a prosperous future. Today, City laboratories, as the Rio 

Command Center, are now reality, but often funded by large corporations, leading to the 

exclusion of citizens. In conclusion, citizens feel left out, but governments and the civil 

society have the power to create ethical values and policies that will also affect companies. 

The good news is that this is currently changing. Increasing numbers of citizens want to 

know what is occurring to their data and are interested in participating in city planning. 

Claus Schoenebeck states the following in his book about complex city simulation models:  

 

"Computer simulation cannot be a substitute for inadequate socio-political knowledge; all 

aims to tackle this nightmare are speculating on the broad fascination - with simultaneous 

non-transparency - such dazzling instruments are leading to illusion and deception.” 

(Schoenebeck, 1975, p. 117). 

 

In this sense, we can agree with Claus Schoenebeck in his criticism of Forrester’s model in 

1975. However, today’s computational methods are leading in a different and more 

positive direction. What could be concluded is that we should not always view technology 

as a saviour, but we also must recognise Black Swans to predict disruptive technology 

breakthroughs. Early prediction provides us with more time for adaptation, which is 

required if we want to understand these technologies. One of the largest problems is global 

                                                
100 Source: datajusticelab.org (accessed 190312). 
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warming, which can only be challenged by human policies and not through computational 

power. Computational power can assist to optimise decisions, as described with the Fly-by-

Wire System. Even AI needs to be programmed to cope with this problem. Moreover,  

whether the hypothesis of technological singularity addresses this is not yet clarified. As 

policies should be supported by a positive attitude, we need to produce new citizens. This 

is only achievable through citizens with a new consciousness who must be aware that they 

can always participate.  

 

Thus, we need beacons within the city which enable access to cyberspace and the data 

being generated, i.e., access to Big Data ecosystems. Smartphones can be attached to the 

mentioned networks, but will not replace the power of such beacons. Citizens are no longer 

only consumers; technology and AI should assist them in participation processes. The CCL 

as an experiment attempted to attract citizens, stakeholders, politicians, children, 

researchers, etc. Within all three years, all visitors and participants in the BrainBox and the 

CCL were highly interested in how they could participate in the digital city of the future. 

We must admit, however, that all prototypes of the BrainBox were erected in specific 

environments, and not ones in normal urban contexts. These specific environments were 

either a university or a specialised urban planning fair. Perhaps the next step would be to 

create a permanent laboratory, a CCL within the urban fabric, in which each citizen has easy 

access and becomes engaged. Children could also have access to knowledge by 

gamification processes or a laboratory that is easily understandable, and can act as a 

cultural ground for performance with data. This would similar to Version 4 highlighted in 

Chapter 3.6.4. It also needs to be accessible to everyone, such as in control rooms shown 

in the images earlier. Open access is the basis to generate trust. 

 

During the experiments of the BrainBox, we had to recognise that most difficulties in 

relation to planning, realisation and the development of the CCL / Brainbox were caused 

by internal problems and communication within the team. It was also the case that 

problems were blamed on outside forces. Moreover, people who used the BrainBox for its 

purpose frequently created ineffective action that could only be solved by a game master 
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who steered the process. This evidence was recorded in all BrainBox versions, especially 

noted for Version 1 (cf. 3.6.1) in Chapter 3.7. All of these problems are already identified 

as challenges of system dynamics (Forrester, Designing the Future, 1998, p. 8). This logically 

leads to an interesting observation. While designing such a platform to tackle the 

complexity of a city, we struggle to guide complexity in a team. How then can we assume 

that we can program an algorithm that can handle this.  Perhaps this algorithm also 

contains the ego of programmers, and a battle of algorithms is beginning. Perhaps in the 

sense of Charles Babbage, we need an algorithm that will solve these problems – preferably 

developed by an AI. Nevertheless, as stated, we should have a positive attitude to 

understand these problems and to find a solution. First, it is critical to construct a team 

with clear responsibilities, as shown in the Grassland Biome Project and Cybersyn. These 

projects, however, will not show us how to overcome the egos of human beings. Perhaps 

one step is to focus on the methodology of Team Syntegrity as described by Stafford Beer. 

However,  even here, the term and approach are protected and utilized by a company, so 

that open access to develop it further is not feasible. This process of incorporating Team 

Syntegrity effective removed the possibility that this methodology could be implemented, 

and this was certainly not the desire of Stafford Beer. 

 

The CCL, as a prototype, constitutes a small step in the right direction. Hopefully, in the 

future, we will be able to handle these major challenges. The CCL with the UG and the 

BrainBox are well thought through, but their real implementation and possibilities are still 

in their infancy. This can be seen in all smart technologies in the market. Problems emerge, 

however, regarding their realisation within cities. How can we implement these 

technologies on the scale needed and according to existing budgetary constraints? Several 

research projects are working on this, such as the "Smart Sustainable Districts Moabit", 

funded by Climate KIC.101 Another positive approach is the realisation of the CCL at the 

Technical University of Berlin that grew out of the BrainBox experiments.  

 

                                                
101 See: www.climate-kic.org/programmes/smart-sustainable-districts  (accessed 17/02/02). 
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The outcomes of the proposition of this thesis in relation to the urban fabric can be 

highlighted in the following three points: 

 

• Cities can be understood as devices to reduce their complexity.  

• Computation and algorithms are required to support faster and better decisions. 

• There is a need for city laboratories with open access to generate a basis of trust 

about cyberspace and the “real” world. 

 

These three points reflect the need for planning and not directly the needs and ethical 

values of people, since needs and ethics should be embedded in the planning itself. To 

summarise the thesis briefly, we cannot predict the future in a clear manner, nor can we 

rely totally on data generated by sensors. Nevertheless, we must establish trust in data, 

which is and will be a huge problem. The data themselves need to be analysed by codes 

and algorithms in order to react faster and more securely to create well-being in urban 

centers; the algorithms should have ethical values. Humans also act in real-time, which is 

normally guided by policies and our environment, which results in wicked problems. 

However, these problems can only be coped with by teams and design. Computation will 

assist to process tackling wicked problems and is attempting to turn them in complex ones. 

AI will support these decisions, while we must ensure that, at the same time, participation 

from top-down and bottom-up processes is feasible. Therefore, human beings must evolve 

a consciousness of seen and unseen networks in the environment in which we live, i.e., 

meta and cyberspace. These spaces are no longer two separate dimensions, but form a 

new ecosystem. We should also admit that, even today, cities are too complex to simulate 

all processes at the same time. Thus, we must reduce complexity of cities in such an 

environment, and this can only be accomplished if they are understood as devices. Devices 

transform matter and can be diagrammatically mapped. Such diagrams should always 

reflect that the essence of the information can be read to elucidate the processes of the 

chosen topic. For this, we should understand that, besides praise and criticism, a positive 

attitude and an awareness of the process is required to adapt to a successful Fourth 

Industrial Revolution. 
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4.2.3 Personal View 

 
A struggle throughout the thesis was identifying a clear definition and contour of the 

theories or methods of cybernetics, general systems theory, and system dynamics (see 

figure 85). Somehow, they seem all to be connected, as they share an overarching holistic 

view on systems that is basically a set of connected elements that are in relation. Here, in 

our context of the Conscious City, the paper written in 1973 by Horst W. J. Rittel and Melvin 

M. Webber about wicked problems (Rittel & Webber, 1973) helps us to define boundaries, 

even if they are becoming increasingly blurred. Within the paper, Rittel and Webber 

describe the general problem of soft and hard sciences (Hohl, 2017). As elaborated on in 

Chapter 1.7, soft sciences cannot actually be proven, as there is no direct correct answer; 

results are more like good or bad, but can always be optimized. The hard sciences deliver 

a clear yes or no that should act as true fact. This proven fact is derived from the correctness 

of a statement from a set of axioms through clearly defined rules. 

As the methodology of system dynamics is simulating complex and dynamic systems that 

than can be analysed and managed, we can conclude that there is a result that can clearly 

be proven. Quite often, these systems are simulated within a computer. Therefore, system 

dynamics belongs to the hard sciences and differs from the other two, i.e., cybernetics and 

GST.  

Cybernetics in itself links both worlds, as a first and a second-order exist. The first-order 

can also be easily considered in connection to the hard sciences, as long as we consider the 

regulation of machines. However, this issue becomes philosophical if we consider 

organisms. In addition, if we interpret human beings as an algorithm, then even the world 

can be simulated to certain conditions. This has been accomplished, for example, by Jay W. 

Forrester with the World3 model, a cybernetic system modelled on the methodology of 

system dynamics. In 1970, second-order cybernetics, frequently referred to as SOC was 

introduced by Heinz von Foerster, by which cybernetics becomes a clear social connection, 

as it includes human being and thus connects to the soft sciences. The understanding of 

SOC leads to the view of radical constructivism introduced by Ernst von Glasersfeld in 1976. 

SOC was being developed ca. 1968 to 1975 (Glanville, 2013, p. 14). 
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Finally, the GST, in which the origins go back to Ludwig von Bertalanffy is an 

interdisciplinary holistic view of systems. It is interesting to note that von Bertalanffy was 

against the connection of cybernetics and GST, since he regarded cybernetics as too 

mechanical and therefore inadequate for the description of life (Sedlacek, 2010). However, 

as Ludwig von Bertalanffy died in 1972, it was just within the awakenings of SOC, he was 

probably not aware about this new direction of cybernetics. Therefore, we can understand 

that cybernetics and GST are often today considered as methodologies within the same 

field, but only include the view and comprehension of SOC. In conclusion, GST and system 

dynamics are linked through cybernetics, and therefore cybernetics as way of life has a 

main emphasis within this thesis. Ranulph Glanville argued that cybernetics and design are 

complements (Glanville, 2013, p. 11). In addition, Michael Hohl points out that: 

 

“… science is a discipline that aims at creating knowledge about the world as it is, designing 

is an application of principles to create something original and thus change the world as it 

is.” (Hohl, 2017, p. 73). 

 

On that account and within the framework of this thesis, cybernetics is communication as 

design. Moreover, both fields are only possible through participation with humans, 

machines, and a novel consciousness regarding our perceived reality. 
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Figure 85: A sketchy attempt to visualize the system sciences in a timeline with a few important people. It is 

astonishing that neither Norbert Wiener, Ludwig von Bertalanffy nor Jay W. Forrester ever came into contact or were 
(Forrester, personal communication (16/01/01). The theory of wicked problems has been used, to show the differences 
between the three approaches of system science. 
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In detail, we can assert that GST was created by biologists, such as von Bertalanffy. The 

idea was to seek a connection between living organisms and society, as they both process 

matter. Matter, in the context of this thesis, relates to energy, food, and information. The 

Grassland Biome Study is exemplified in Chapter 1.3. George van Dyne was appointed as 

the director of the project that attempted to apply the system approach to an entire 

ecosystem – the grasslands next to Fort Collins, Colorado. It was a pioneering project in the 

computation of an entire ecosystem. For him, the ecosystem needed to be studied as one 

integrated system. The goal was to create proof of a stable computational model that fit 

all living systems in the grassland. Therefore, it constitutes a case study of a computational 

connection between living organisms that transform matter, on the basis of GST. 

The Cybersyn project relates to the cybernetic approach to systems. Cybernetics was 

founded in the 1950s by Norbert Wiener, a mathematician and Warren Sturgis McCulloch, 

a philosopher and neuroscientist. A few years later, but also in the 1950s, Stafford Beer, 

one of the later directors of Cybersyn, applied cybernetic thinking to management, and 

therewith founded the art of management cybernetics. The main interest for 

cyberneticians at that time was to understand cognition and the nature of knowledge. It is 

difficult to determine how realistic Cybersyn was as a project or as an experiment. Thus, 

the term prototype for a proto-Internet describes it better. However, in the context of the 

design of Cybersyn, Stafford Beer also mentioned the work of Jay W. Forrester. Forrester, 

the father of the coincident-current system, a forerunning system of RAM within 

computers, also founded the method of system dynamics, a general and powerful modeling 

method. An advanced version is today’s agent-based modelling (Koering, van Dam, Bustos-

Turo, & Jones, 2014). The method of system dynamics was used in the World3 model to 

prove the theories of “The limits of growth”. Forrester transferred this (Umpleby, 2017) 

into urban dynamics, i.e., a way to simulate complexity of cities that also garnered certain 

criticism (Schoenebeck, 1975). 

In approximately 1974, Heinz von Foerster introduced SOC as a new concept in science. 

SOC therefore links more to human beings and social context. Dr. Stuart Umpleby, a 

cybernetician and professor in the Department of Management at George Washington 

University, notes that:  
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“The suggestion is that cybernetics is similar to physics in that physics provides a general 

theory of matter and energy while cybernetics provides a general theory of information and 

regulation.” (Umpleby, 2017)102. 

 

As we live in an environment in which data and society are being merged, we can conclude 

that cybernetics will play an increasingly prominent role in the future. However, all three 

are connected, and the boundaries are currently blurred. We need to search for a holistic 

approach to generate knowledge that will assist us to communicate in the future. The CCL 

and the BrainBox can be regarded as novel holistic techniques. To sum up, we can refer to 

Dr. Bernhard Scott, a Senior Research Fellow of the International Center for 

Sociocybernetics Studies and co-author with Gordon Pask of the “Conversation Theory”, 

who states that: 

 

“As noted, holism implies being transdisciplinary (I use the prefix “trans” to imply both meta 

and interdisciplinarity). As a cybernetician/systems theorist, one is not “a political scientist”, 

“an economist” “a social psychologist”, “a sociologist”, “an ecologist” or “a meteorologist” 

only, one is all of these.” (Scott B. , 2002, pp. 21-26). 

 

Therefore, the thesis constitutes a holistic approach to generate knowledge in numerous 

fields and cutting-edge technologies. However, it probably fails to generate an 

understanding of these, as this would be too complex. What can be said finally is that the 

gained knowledge assists to navigate the topic of Conscious Cities. 

 

Another aim was to define the position of the human body in relation to its new extended 

environment. An attempt to achieve this was made with the approach of the Technobody 

(Koering, www.academia.edu, 2007). This relates to the work of the Cypriot-Australian 

performance artist Stelarc, whose work strongly relates to the extension of the human 

body by technology. Stelarc states that: 

                                                
102 Umpleby, Stuart; personal communication (17/11/05). I would like to thank Dr. Stuart Umpleby for his concrete 

guidance about the differences of these related fields. 
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“… Artificial intelligence will no longer mean experts systems operating within specific task 

domains. Electronic space no longer merely generates information but extends and 

enhances the body’s operational parameters BEYOND ITS MERE PHYSIOLOGY AND THE 

LOCAL SPACE IT OCCUPIES. What results is a high-fidelity interaction – a meshing of the 

body with its machines in ever-increasing complexity.” (Stelarc, 2002, p. 264). 

 

In this thesis, evidence emerged that AI is present everywhere and influences our daily 

lives. Stelarc might be radical with his concepts, but fact is that AI, novel technologies, and 

cyber physical devices are extending our body and senses beyond our physiological 

boundaries. Carlo Ratti and Matthew Claudel point out that, with the shrinking of digital 

technologies, they might become invisible in our environment. However, even being 

invisible, these technologies still act as cyber-physical systems that sense the world, create 

data, and respond in real-time (Ratti & Claudel, 2016, p. 50). However, it is important to 

note that AI will stay in the domain of experts for controlling and coding it. Robert Boguslaw 

wrote in 1965 that the “New Utopians”, i.e., the system analysts to which he was referring, 

wish to depoliticize social problem-solving and construe problems of social choice as 

technical problems for experts (Lindblom, 1992, p. 215). How far AI can manipulate itself 

in the future cannot be currently determined, but it is clear that, at this point, human beings 

will be largely excluded (Schoenebeck, 1975). However, complexity will certainly increase. 

Therefore, the need for CCL and BrainBox is obvious, as indicated by the results of the 

administered surveys (Chapter 3.9.4). However, the experiments also showed that, even if 

complexity is reduced, it is not feasible to understand the ideology of the CCL and BrainBox 

with the UG directly. In other words, knowledge needs to be generated, and the process of 

SG must be learned to enable understanding.   

An appropriate analogy is children who are learning how to ride a bicycle. Cycling combines 

several activities that need to be coordinated, e.g., pedalling, maintaining balance, etc. 

Normally, a child learns this with the assistance of an adult. However, children often 

struggle with coordination. Once they reach the point at which the brain manages to 

connect the different tasks and saves them for the future, they are able to ride a bicycle 
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independently. In a sense, an algorithm is being generated that can always be updated. The 

bicycle, i.e., a device that is required to perform the specific task, has been adapted and 

extends the human body. Moreover, once the algorithm is nested, it can always be 

administered by the user.103  

A similar learning process was observed in the BrainBox. Experiments showed that people 

frequently wanted to use it more, once they understood the corresponding logic and 

methodology. In general, the users were fascinated with it once they overcome the 

boundaries and accessed the system with the instructed logic. The BrainBox acted as an 

extension of human bodies. In this case, however, people would probably require new 

instruction after a few months; here, the system differs from the analogy of learning 

cycling. A major limitation of the system was also identified, in which deep instruction was 

always required, regardless of which scale or version of the BrainBox was used. How 

complexity could be reduced which would allow users to grasp the idea faster is not yet 

clear. We need the four layers: the database, the prototypes, the scenario games, and the 

action plan (Pipan, 2012). Perhaps, however, we can also limit the cards of the prototypes 

to seven at the beginning, as this refers to the “chunks” plus or minus two (Miller, 1955) 

that a human being can hold in short-term working memory. However, this is currently 

speculative, and requires additional research in the future. The theory of Miller might be 

dubious today if bodies are extended by technology, such as the BrainBox. Currently, 

although the theory might be plausible, there is not yet sufficient practical experience to 

confirm it.  

Returning to the quote from Stelarc at the beginning of this chapter, we can agree that the 

use of the BrainBox results in a high-fidelity interaction. A meshing of bodies with machines 

and algorithms generates ever-increasing complexity. It is also necessary, however, to 

handle existing complexity, if feasible, in real-time. 

 

 

 

                                                
103 Cf. There is an interesting link to the topic of knowledge and understanding. This refers to a video by Smarter Every 

Day 133 – The Backwards Brain Bicycle.  
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4.3 Strategic directions for the use of the CCL 

 

In light of the background of the digital planning levels proposed here - particularly in the 

context of urban planning with the help of AI and the possibilities of human participation - 

the focus is on the non-linear planning approach of the UG and the consideration. This is 

because the action plan for certain land-use zones (e.g. urban development plan, land-use 

plan, etc.) resulting from the use of the UG is mandatory and leads to much higher 

requirements for the method of civic participation, taking into account decision support 

data. In this context, the concerns of ethics and people in the urban environment must be 

considered at an early stage to avoid planning errors. It incorporates knowledge and 

technology in today’s participative planning approaches that are assisted by AI now and in 

the future. Cybernetics is not considered in this context as an autonomous methodology. 

It places the humans with the SOC as a central element to these systems. This thesis does 

not aim for a direct solution as we consider wicked problems (Rittel & Webber, 1973), as 

this is not possible; it addresses acquired knowledge, which leads to design and scientific 

vision. Therefore, we return to Lucius Burckhardt, and his paper: who plans the planning? 

(Burckhardt, 2017 (*1974)). Burckhardt wanted to point out that planning is not done in 

isolation, but that politics is made dependent on being exposed to a social system. We also 

have to note again Burckhardt's criticism of the training of city planners and architects. He 

said in principle that because of their training in complexity reduction and intuitive solution 

tactics they are not suitable for such a task. This is indeed an interesting comment, since 

the idea of the CCL is to raise awareness of the complexity and its relationship to the city, 

and that the CCL can help overcome this complexity. 

Urban centers were and will be a complex conglomerate of human beings, informations 

and resources, and always a host for wicked problems. Human beings do adapt to these 

systems in a variety of ways, positive and negative. The emergence of the theme of the 

smart city promoted across the globe can be understood as a product to answer such 

upcoming issues as resilience, climate change, novel technologies and their 

implementation, and quality of life. The CCL addresses the transition of architectural 

production and urban design through developing a new awareness of the new 

technologies. Thus, it is not the smart city that creates well-being, but is rather a new 
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awareness of the rising systems and how we can participate in them. We must construct 

an innovative foundation based on ethical guidelines within today’s city-planning processes 

to create a new consciousness.  

Such a foundation would be feasible by following seven strategic directions of conscious 

design (in alphabetical order): 

 

• Awareness of new technologies; 

• Cyberspace should deliver positive yield to cities;  

• Ethical goals; 

• Holistic thinking;  

• Non-linear planning; 

• Participation on all levels assisted by computational methods;  

• Strategic integrated planning. 

 

There is not a specific order to the seven strategic directions of conscious design, as it only 

concerns  the connection of topics that results in conscious planning. Based on the 

information already available, the action notes described above allow deliberate 

participatory urban planning. The advantage of the described method lies in the digital 

participation. With existing AI systems and real-time data based on sensors. In particular, 

by preparing and using spatial planning information, it can be presented digitally, simplify 

decision-making, and become more accessible, which in turn supports the basic idea of 

human involvement in AI systems. Paul Watzlawik (Coates, 2009, pp. 167-170) stated that 

digital communication has a complex and logical syntax, but it lacks semantics in the field 

of relationships. On the other hand, analog communication has such semantic potential, 

but lacks a syntax that could provide a clear definition of the nature of communication itself 

(Watzlawick, 2018). Applied to consciousness and the digital extended body, we could 

assume that the analog elements convey the human need in which the digital level 

organizes and optimizes the content. According to these rules, it is logical in our context to 

consider these strategic directions, cybernetics, and networks. The number seven relates 

to the chunks of information human beings can hold in their short-term working memory, 
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according to Miller (Miller, 1955); this is thus also in line with the number of seats in the 

operation room of Cybersyn. An awareness of technologies needs to be created. This also 

produces an awareness of which jobs will be needed in the future and which will be 

obsolete. In addition, new job positions within the urban fabric can be generated to fill 

upcoming gaps. For this, and the connection of semantics and syntax, urban laboratories 

are required, as well, to ensure broad participation in decisions to be made regarding urban 

planning. The user should gain knowledge and understanding according to the topics within 

these laboratories. Architects, urban planners, and landscape architects should not be 

separated, be must collaborate from the beginning to ensure that a holistic approach is 

generated. Each design proposal must be presented within a CCL, and discussed with 

stakeholders, politicians, scientists, and citizens in a participative manner, assisted by data 

obtained in the past. This ensures better and faster decisions. Such a process cannot rely 

on traditional linear methods, i.e., adaptation, a non-linear analysis of feedback, needs to 

be ensured. Whatever data are generated within cyberspace need to be open data and 

should produce positive effects on the city. All planning processes should be based on a 

strategic integrated planning method, in order not to create isolated objects. It is a logical 

conclusion that ethical, sustainable and green thinking should constitute the basis of 

communication to improve urban centers for the future. 

 

Ideally, all formats should be based on a standard, so that they can be compared and 

adapted with other cities to ensure a knowledge exchange. This relates to standardized 

data, communication, material, and interfaces for humans and technology. Conscious City 

planning is the planning methodology of the future to adapt to the occurring changes 

generated by the Fourth Industrial Revolution. A CCL is required so that we, as citizens, are 

not overwhelmed by the technology transition that is occurring in cities at the moment. 

The citizen of today lives in complex ecosystems steered by Big Data that are generated by 

sensors and pervasive networks, and optimized by algorithms. 
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4.4 The Significance of the CCL in relation to Architecture, Urban Design, 
Cybernetics, and AI 

 

“Nowhere is everyday experience more mediated by technology than in the city.” 

 (Wasaik, 2009) . 

 

The concept of consciousness is an integral part of future urban phenomenology. Urban 

phenomenology refers to the relationship between man and machine, as described in the 

introduction, or as Jasons Wasaik designates it as a framework for being-in-the-city 

(Wasaik, 2009). It relates to an awareness that is required if we consider the future of 

humanity. Therefore, consciousness is needed for those people who want to live self-

determined. However, we know that we are affected by what we experience, what we see 

and what we perceive as reality, which is supported by the view of radical constructivism. 

Algorithms require data to be effective, and these data are generated through exploitation, 

from a mathematical perspective. Now, having speculated throughout this thesis about 

certain case studies in the past and current trends, one can see that such algorithms have 

both positive and negative effects. Overall, we need to have a new consciousness if we, as 

human beings, want to act for ourselves and evaluate how such an algorithm acts on or 

with us. Now is an optimal time for us to influence certain politics about the best use of AI. 

It is not necessary to reject AI categorically; rather, we must determine how it can be 

utilized positively. There is no doubt that data affect food production, behavior and 

production, and in way, the human body has merged with electrical circuits. This thesis 

attempted to emphasize this through the narrative and the shown examples. Nevertheless, 

now is the time that we can use this extension of the body to create novel ways of 

participation, in which AI assists, rather than controls. Cities should have the responsibility 

to communicate to the citizens how their data have been gathered and used. For such 

events, a physical CCL is required, not only for highly skilled experts, but also as a 

knowledge exchange and management tool. It is probable that many of these laboratories 

are currently under development. However, it is also likely that only a few exist in which 

citizens can exert real impact, as most of the these technologies are oriented towards 

experts. Creating a holistic interface that represents the complexity of urban centers still 
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presents a challenge. However, perhaps this is not necessary, as only a certain focus needs 

to be developed. These problems were addressed with the CCL and the BrainBox.  The 

experiments clearly showed that all involved parties desire such a tool. However, as we 

were not operating in an environment similar to the RAND Corporation, much had to be 

simulated and budgetary constraints were always present. Moreover, we were not in the 

position to develop our own AI, or even a AGI, but we adapted existing codes and data from 

the city, which was generated by using AI. The overall goal of the CCL was and continues to 

be to generate a novel consciousness for these unseen networks. In this respect, it has been 

an enormous success for all involved parties. According to the Kondratieff Wave Cycle, this 

thesis has been written during a peak of prosperity, and what now is following is a 

recession. Consequently, we have to focus on the scientific outcomes of such a system, and 

determine how this can be used in the future to respond in academic contexts. For 

applications, a strong governmental need exists for new soft- and hardware applications in 

the era of real-time feedback and control. In addition, this thesis reveals that the 

foundation of this notion was already established in the 1960s. It is only in recent years 

that a clear commodification of these ideas has been achieved, but that there has been a 

general lack for ethical values within the process of the commodification. 

Human being has been extended through technology, industrialized food, robots that are 

optimizing production, and data farms that are computing our behavior and predicting our 

choices. Algorithms, however, are beginning to adapt to new input and changes on their 

own, and are anticipated to continue doing so at an exponentially increasing rate. Data are 

sensed in all directions and from all parties, as data are required for governing. Governing 

in itself is the process of foreseeing. Thus, we need a new consciousness if we want to live 

self-determined lives. This novel consciousness might be positively enhanced by 

technology, but should not be controlled by machines. Nevertheless, it need to reflect the 

people’s needs and ethical values. 
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Reflections 

Trojan Horses to Troy, certain enlightening’s are generated by printed objects that are 

crossing the path of finding close to the end, and then again pointing to the start, just to 

initiate a new feedback loop. The book I am referring to was one of them, i.e., a printed 

document of participation. 

 

A "rattle bag" is something to scare animals or make people curious. It consists of a small 

bag of small items, which is very effective for its purpose. According to my belief, we can 

learn from the past, but we can only act in the present to create the future. What a poetic 

sub-title for a book that collects papers and concepts about design as a tool of 

communication from a cybernetic conference. The conference itself, which took place in 

Troy, NY and the book were initiated by Ranulph Glanville, a unicum that introduced me to 

the topic of cybernetics during my MArch studies in London at the Bartlett Faculty. The 

main title of the book is Trojan Horses – A Rattle Bag from the “Cybernetics: Art, Design, 

Mathematics – A Meta-Disciplinary Conversation” post-conference workshop. I purchased 

this book because I was interested in a paper written by Dr. Michael Hohl that tackles the 

ideas of knowing and understanding. These are ongoing fields of interest during my Ph.D. 

and in the future. I bought the book to read on a short trip to Athens and the Greek island 

Andros. Its main title, Trojan Horses, somehow suggests that it closes an important 

feedback loop established by Ranulph and a book entitled “The Fabric of Reality” by David 

Deutsch in 2006. It finishes the quest through certain fields of interest, especially seeking 

for connections or justifications between technology and philosophical thinking. As I am an 

architect, that is a reference to design. Ranulph puts this into words as:  

 

“…some believe cybernetics is a technology, and thus belongs to the real world, while others see it 

as philosophical, and very abstract. A way of bringing the two together is explored through 

reference to designing.” (Glanville, 2013). 
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I hope that my Ph.D. provides insight into my quest of the last 10 years. Certainly, some 

connections must made by the reader. In the final analysis, I regard this work not as a 

manual, but rather as a discourse of struggle, discoveries, connections, and triggers for new 

beliefs and insights. For example, how could people in the past make beer without an 

understanding of how to apply chemistry to the process of fermentation, and without 

understanding biology for optimizing the yield of hop and barley? This was, in the past, a 

process of knowledge passed down from generation to generation, as well as intuition. 

Personally, I attempt to view the new sciences of cities in the same manner. I cannot 

understand all of the occurring processes, but I have developed over the years a certain 

base of knowledge in different fields that I try to link together. This has shaped my personal 

reality and thus influenced my intuition, resulting in a personal epistemology. What I have 

learned especially, besides deepening my thinking, is how to work and structure my ideas 

within the framework of a Ph.D., i.e., perhaps something more important to pass onto 

future students. I am also aware that all this reality will continue to evolve over time, and I 

will certainly view my own work more critically in a few years. As I am addressing broad 

and deep topics, no real proof of the results exists. However, I take solace in the fact that 

it is the process, and not the outcome, that is critical here. The process of research 

contested my convictions as a radical constructivist. The view of a radical constructivist can 

also become an escape. I argue that, in my reality, all is connected, i.e., we are always part 

of a larger system, as described in second-order cybernetics.  

 

I do not want to present the research in this thesis as fact or as a final statement. I am far 

more interested in a discussion, because only through such communication can knowledge 

be extended. As a radical constructivist, I am aware of other realities that reach just as 

logical conclusions, and have to accept that other human beings have their own realities 

and therewith opinions. Moreover, nothing is fixed, i.e., all is in a state of flux and a non-

linear system of feedback. This thesis is not a process of three years of full-time effort, but 

has evolved over 10 years and probably constitutes an ongoing process. It is interesting to 

note that certain thoughts started at a time when no smartphones were available, but data 

were. These novel technologies changed the workplace from a desktop environment to a 
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mobile one. This has led to a cyber ubiquity in all fields of society, and raised questions 

about privacy, data, and ethics. The highlighted topics in this thesis show that not all new 

trends have appeared without antecedent, i.e., brilliant minds have been considering these 

trends throughout history. If we just consider Robert Boguslaw, we can see that this 

consideration was often critical. However, we must acknowledge that the human capacity 

to be critical is a uniquely human gift. Some people assert that mankind is future-blind by 

nature, and that human behavior has been categorically defined by history; however, I do 

not agree. Indeed, we can change through the use of our brain, and not only through 

machines. 
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Appendix 

Interviews 

 

The interviews were conducted within the framework of the “Scan of the EU Smart City 

Market and Partner Portfolios” funded by Climate KIC – Sustainable City Systems in 2013 

to 2014. Within this process, certain questions were elaborated on, and the same questions 

were sent as an email. The results were also collated. However, in relation to the Ph.D., 

three interviews were chosen in order to deepen the comprehension of technology, the 

city of the future, and communication.  

 

Wim Elfrink, Executive Vice President, Industry Solutions and Chief 
Globalisation Officer, Cisco Systems 

 

What is your vision of a smart city? 

 

A smart city is one that incorporates Internet of Everything (IoE) solutions that connect 

people, processes, data, and things via connectivity to the Internet. The largest impact 

comes from cities with a grand vision and strong leadership that deploy these solutions 

holistically across departments and urban services, whether it is smarter management of 

parking, water, lighting, energy waste, or traffic. 

 

We envision that IoE solutions can create U.S.$4.6 trillion of value in the global public sector 

if implemented to their fullest extent in cities, countries, and public organisations. The 

value comes in the form of generating more revenue, reducing costs, improving 

operational efficiency, and enhancing end-user experiences of citizen consumers – all with 

the aim of improving quality of life.  
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What do you see as the key innovations of smart cities (SC)? 

 

The smartest cities that incorporate IoE most broadly can take advantage of Big Data that 

enable them to better analyse operations, consumer trends, and environmental 

conditions. Data become information that becomes knowledge and even wisdom. As a 

result of such rich analytics, these urban centers can create “what if” scenario planning that 

enables them to optimize urban services, as well as anticipate emergency situations, such 

as flooding. 

 

Innovative cities can also encourage their entrepreneurs and citizenry to develop useful 

“killer apps” that have become a major driver of the Internet of Everything.  Some 15,000 

new apps are developed each week, and many of them can be applied to improving urban 

services and citizen experiences.  

 

Seventy percent of energy consumption comes from cities, and buildings account for 70 

percent of a city’s consumption. As a result, urban centers that invest in or partner with 

solution providers around smart power grids and smart buildings can make quantum 

improvements in energy management.  

 

Further, parking fees account for the second-largest generator of city revenue, and drivers 

looking for parking spaces account for 30 percent of traffic congestion in cities. Therefore, 

cities that adopt sensor-based smart parking solutions that include apps for drivers, can 

make enormous inroads into solving these inter-related problems. 

The usage of sensors also constitutes a critical element in any smart city. When sensors are 

applied to areas, such as parking, traffic lights and waste bins, urban centers can respond 

dynamically in real-time, as well as harness data gathered from these sensors to identify 

trends and make positive changes. Dynamic pricing models for parking or garbage 

collection can also arise, making charges more cost-effective for both the consumer and 

the city. 
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 Do you believe SC to have mainly positive or also negative effects? 

 

When you think about the long-term benefits that smarter technologies can provide to 

cities, it is critical to remember that becoming smarter is a gradual process. Any time a 

municipality undergoes significant change, whether it is upgrading infrastructure, 

reshaping policies or creating innovation, there are going to be some challenges.  

 

Part of these challenges stem from attempting to connect the unconnected. Currently, only 

1 percent of the physical world is connected to the Internet. And we have a long way to go 

before connecting that other 99 percent.  

 

While the effects of that might not necessarily be negative, cities need to be prepared for 

these types of challenges by maintaining executable goals within realistic time frames.   

  

Most people agree that SC are the outcome of an evolutionary process, but what is the best 

starting point for making the transition to a SC? 

 

First, city leaders must identify the outcomes that they want to accomplish, whether they 

generate more revenue, attract younger citizens, or improve efficiency. They should take a 

citywide, holistic approach to their objective by installing a comprehensive network 

infrastructure, such as Wi-Fi that is future-proofed to integrate existing and new systems 

or applications by using open standards. 

 

Workshops between solution and service providers, as well as city officials, can then 

develop the best potential use cases to achieve the overarching citywide objectives prior 

to commencing with one or more pilots. Once pilots prove valuable to the city and its 

citizens, then city leaders can begin to incrementally extend solutions to more services and 

applications.    
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Which products and services do you see as most relevant to smart cities? 

 

(prompts: can be in any sector, for example: Built Environment, Natural Environment, 

Mobility, ICT, Energy, Water waste, Food, Industry/Services, Economic Development, 

Governance and Planning, Civic Engagement, Health, Education, Culture) 

  

It is mission critical to start with an information communications technology platform (ICT), 

such as Wi-Fi, that can scale across the city and be flexible enough to connect with all types 

of devices and sensors.  We often call this an application-centric infrastructure. 

 

Which SC-related projects do you know of/are you part of? 

(prompts: academic or research initiatives, national or city-level initiatives, corporate 

activities, funding streams, relevant networks, events) 

  

Below are a few examples of urban centers with which Cisco has developed strategic 

partnerships through our Smart+Connected Communities program: 

 

Barcelona, Spain; Lake Nona, Florida; Songdo, South Korea; Nice, France; Amsterdam, the 

Netherlands. 

 

 Who are your partners in these projects? 

 

AGT International and Philips.  

  

Do you know if any of your other partners are involved in SC activities? 

 

Yes, many of them, especially AGT International. 

  

( Do you know of/have contact information of smart city policies leaders, city officials or 

other key actors?) 
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Smart Cities Council, New Cities Foundation, Meeting of the Minds, Global Competitiveness 

Forum. 

  

Do you know of any projects that were successful or that failed? If yes, for what reasons? 

 

Barcelona is actually pushing the envelope on becoming one of the most successful Smart 

+ Connected Cities. The city’s Virtual Citizen Services Centre, equipped with Cisco 

telepresence and collaboration technologies, allows constituents to interact with the local 

government via a kiosk to reduce trips to government offices. In addition, some 12,000 

residents who opt-in to carry multi-sensor devices help monitor and transit a diversity of 

environmental information around the city, such as temperature, humidity, smog, traffic, 

and more. The city has identified U.S.$3.1 billion in value creation from its full array of IoE-

enabled services and solutions. 

 

 

Jürgen Roters, Major of Cologne 2009-2015 

 

What is your vision of a smart city? 

 

My vision of a SmartCity Cologne is the participatory development of a common SmartCity 

strategy with Cologne’s citizens. A smart city needs to be co-built by the people that live 

and work in the city. I will implement the SmartCity strategy at all levels of my city 

government, but I also invite Cologne’s companies and citizens to do so. SmartCity goes far 

beyond technologies, i.e., “smart governance” and “smart citizens” are at the core of an 

intelligent city. The smart technologies enable the citizens to improve their quality of life. 

The development of smart technologies also assists to secure innovation and jobs in my 

city. 
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What do you see as the key innovations of smart cities (SC)? 

 

The key innovation is the governance aspect. SmartCity strategies require transversal 

working between city departments and development of common priorities. The role of the 

government has also changed from a unique provider of services to enabling citizens and 

securing their participation. Technologies in the field of energy, ICT, and mobility are very 

important to increase efficiency in my city and to use the existing infrastructure in a more 

efficient manner. Cologne has to meet the challenge of population growth, and we need to 

provide a living and jobs for more people considering scarce resources, such as finance and 

environmental aspects. 

 

Do you believe SC to have mainly positive or also negative effects? 

 

In my opinion, SmartCity definitely has more positive effects. There might be reluctance by 

citizens if there are novel technologies involved. However, if novel technologies provide 

more liveability and this can be demonstrated, e.g., in our Climate Street in Cologne, there 

are overall positive reactions. 

 

Most people agree that SC are the outcome of an evolutionary process, but what is the best 

starting point for making the transition to a SC? 

 

The way to the SmartCity is indeed a process. I think it is worthwhile to begin correctly now. 

All relevant technologies for participation and improving energy and mobility are available. 

It is critical to include all levels of politics, city administration, and citizens in the process. 

Smart technologies are not so obvious. It is difficult to see smart homes, smart offices, LED 

applications, etc. It is very useful to make these technologies and their impact more visible. 

Citizens can only respond intelligently if information is available.  
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Which products and services do you see as most relevant to smart cities? 

 

The energy and mobility sector are very important to reach our common goals concerning 

climate change goals. In our urban centers, the built environment is key to increase 

efficiency and reduce CO2. However, I consider it important to start tackling all areas and 

build synergies, and integrate the technical and social infrastructure in order to build a 

actually smart city. To provide some examples, our local energy supplier rolled out more 

than 30,000 smart meters to enable citizens to engage in more efficient energy 

consumption.  

 

Which SC-related projects do you know of/are you part of? 

(prompts: academic or research initiatives, national or city-level initiatives, corporate 

activities, funding streams, relevant networks, events) 

 

Cologne is in close contact with several research institutes, such as DLR, Fraunhofer, and 

the University of Cologne with the University of Applied Science with SC-related projects. 

For example, students of the Cologne University of Applied Science are looking at smart 

mobility for a SmartCity project in Cologne. The city of Cologne is also involved in the 

Eurocities network to exchange knowledge concerning smart cities.  

 

Who are your partners in these projects? 

 

Cologne was present at the SmartCity congress in Barcelona, and together with several 

European partners, e.g., Rotterdam, Gothenburg and others, we are involved in a 

European-funded smart city project. 

 

Do you know if any of your other partners are involved in SC activities? 

 

SmartCity is an emerging topic for both industries and governments. Our partners have also 

started with SmartCity initiatives.  
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( Do you know of/have contact information of smart city policy leaders, city officials or other 

key actors?) 

 

Cologne has a close relationship with twin cities all over the world. The topic of a smart city 

is relevant to knowledge exchange with many of them e.g., Rio de Janeiro, Beijing, 

Barcelona, Rotterdam, Torino, and Lille.  

 

 Do you know of any projects that were successful or that failed? If yes, for what reasons? 

 

We look with pride to our twin city Rio de Janeiro who won the SmartCity prize at the 

SmartCity Congress in Rio de Janeiro. They introduced a software in the mayor’s office that 

checks all projects concerning their contribution to climate change.  

 

 

Dr. Michael Häupl, Major and Governor, City of Vienna 1994 - 2018 

 

What is your vision of a smart city? 

 

Cities all over the world characterise themselves through their own specific identification. 

Urban centers are different and unique, and differ not only in their variety of goals, their 

diversity of size and resources, and their spatial diversity, but also in their social and cultural 

approaches and lifestyle habits. Nonetheless, global challenges are related to cities all over 

the world in the same manner. Climate change, shortages of natural resources, 

demographic change, and reliable energy supplies are just a few examples of challenges 

that must be overcome in urban areas. The switch to renewable energy sources in cities is 

by far the largest challenge. 

Vienna has, in awareness and acceptance of the global challenges, found its specific 

definition, based on its regional challenges and circumstances. The city of Vienna can be 

defined as a smart city, as systematic information, communication technologies, and 
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resource-saving systems are utilized to work towards a post-fossil society. A CO2 neutral 

and energy-efficient city is the goal. This should be reached by reducing resource 

consumption, permanently enhancing citizens’ quality of life and the competitiveness of 

the local economy, in order to improve the city’s sustainability. Smart City Wien uses a 

holistic approach focusing on the main areas of energy (systems), mobility, buildings and 

infrastructure, resulting in radical protection of resources, a high socially-equitable quality 

of life, and the productive use of new technologies. 

 

What do you see as the key innovations of smart cities (SC)? 

 

Smart cities are developing a new kind of lifestyle that optimizes people’s daily lives with 

the support of innovative information and communication technologies (ICT), while limiting 

resource use. Technologies are major prerequisites for urban centers to become “smart”. 

However, being smart for a city is not only about ICT. Mostly, it is about citizens’ 

involvement. Vienna’s development is being planned for those who live, work, invest, 

research, and have their holidays here, among numerous others, and the best way to 

achieve this is through dialogue. Different processes provide a range of opportunities for 

collaboration, discussion and exchange of information, and constitute the motivation for 

existing and varied forms of interaction with city planning. Variety is one of the city’s 

leading characteristics and the driving force behind a vital and modern metropolis. 

 

Do you believe SC to have mainly positive or also negative effects? 

 

There will not be many negative effects if a smart city initiative is planned with a holistic 

approach and takes all necessary actors into account. 

 

Most people agree that SC are the outcome of an evolutionary process, but what is the best 

starting point for making the transition to a SC? 
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There are some conditions that can help to encourage the transition process: 

If there is a legal framework within the city administration. A powerful and long-term 

strategy is necessary to start a successful smart city process. The responsible departments 

need the competences to work on solid goals for an entire city. 

 

If all of its initiative is implemented as a cross section. The SmartCity constitutes a classical 

cross-section issue. This is why many different departments need to be involved in the 

entire process. These departments are the relevant actors, and should put their ambitious, 

coordinated, and courageous agenda forward. 

 

If citizens and companies have the possibility to participate with their own concepts. 

Companies and citizens, as critical stakeholders for a functioning SmartCity, need their 

individual space to participate, create, and develop their ideas and products. 

 

Which products and services do you see as most relevant to smart cities? 

 

Products and services depend on the definition that every city, which wants to be a smart 

city, has to determine for itself. SmartCity Wien uses a holistic approach concentrating on 

the four main areas of energy (systems), mobility, buildings, and infrastructure (ICT). These 

main areas are supported by six enablers: environment, education, social inclusion, FTI, 

health, and economy. 

 

 Which SC-related projects do you know of/are you part of? 

 

There are numerous projects already implemented and in the process of planning. One 

major project in Vienna is Aspern Vienna’s Urban Lakeside. The 240-hectare project area 

makes it one of Europe’s largest urban developments; it is a city within a city. Quality of life 

and co-operation rank at the top of the agenda. By 2028, 8,500 housing units will 

accommodate 20,000 people. Furthermore, 20,000 jobs will be created. 
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In Vienna, 39% of all journeys are made by public transportation – that is number one  

Europe. Not owning an automobile is a tradition in Vienna. The pilot project “car-free 

model housing” offers citizens an alternative, providing special community facilities and 

alternative building technologies. A new city district will be finished by 2025 that will 

provide approximately 10,000 homes for 22,000 residents and as many jobs. A special 

attraction of this district is the “Bike City” with first-rate bicycles and wellness facilities, as 

well as high quality exterior design. 

 

Viennese citizens have the opportunity to participate in the development of renewable 

energies through investing in community solar power plants. The citizen power plants are 

much appreciated and a clear commitment of the city towards the development of solar 

energy. 

 

In 1998, the Vienna City Administration introduced a first set of e-government applications, 

and in 2011 launched the Open Government Initiative. Now, the city operates open data 

to make more than 223 data sets freely available for residents and companies. One 

hundred and ten applications have been programmed on the basis of these. 

 

 Who are your partners in these projects? 

 

All relevant internal and external stakeholders: the Department of the City Administration, 

companies owned by the city, universities, private companies, and citizens. 

 

Do you know if any of your other partners are involved in SC activities? 

 

The key actors are the municipal planning and building control office, the department of 

urban development and planning, and the Smart City Wien Agency. All relevant information 

can be found at www.smartcity.wien.at 
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Do you know of any projects that were successful or that failed? If yes, for what reasons? 

 

In Vienna, there are several SmartCity Wien projects. Some of them are already 

implemented, while others are ongoing or just about to start. Vienna is also successfully 

active in submitting in various calls on the national and European level. For now, all of these 

projects can be regarded as successful. 
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Robert Boguslaw, The New Utopians 

 
While writing this thesis, one book was always present: The New Utopians – A study of 

System Design and Social Change, written in 1965 by Robert “Bogey” Boguslaw. I cannot 

even remember how I stumbled onto this book. Perhaps it was by accident when I was 

looking for systems science and moral aspects of utopian society, and thus it was an 

algorithm pointing me in this direction. This book has an enduring significance if we 

consider computation and its possibilities, but also the awareness and concerns that we 

must develop about these systems if they are not to control us. Personally, I believe that 

the future of human beings cannot be found within machines, but rather lies in the control 

of our brains. 104   The New Utopians constitutes a critical work in social science. 

Approximately 50 years ago, Boguslaw provided interesting information about systems of 

control, communication, and transportation in an accessible manner. Regarding time, 

certain parts might be a bit dated, but overall this book is more relevant than ever. The 

ironic utopian view of Robert Boguslaw from the year  1965 became reality today.  

It is remarkable to note that there is almost no information about Robert Boguslaw himself 

to be found in the World Wide Web. Thus, I decided to do a small amount of side research 

about him. My hope was that this research might lead in the future to a paper about the 

publication and himself, because it currently appears to me that this book came out of the 

blue. It was possible to establish contact with Dr. Janet Boguslaw, his daughter, who 

assisted me with my questions. Janet was also kind to connect me with Dr. Philip Kraft, a 

former Ph.D. student of Robert, who gave me a lot of details about Robert Boguslaw 

himself and also directed me towards the re-issue of the New Utopians in 1981 that 

includes some reflections about the first issue. Moreover, a lot of the information here is 

taken directly from personal communication with Dr. Philip Kraft. In addition  Bogey’s wife, 

Wanda Boguslaw who is currently 93 years old, contributed to this summary. The last 

source that I could find is a review of the New Utopians, written in 1965 by Maynard W. 

Shelly. 

 

                                                
104 Mackowitz, Martin Rudolf; City of Sheeps p.24 / unpublished workshop document “Alpine Architecture” 2011 
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Robert Boguslaw (born 1919 in New York) was an undergraduate student in economics at 

the free City University in New York prior to the Second World War. Even though it was 

tuition-free, it maintained a high standard. This set-up attracted intelligent poor and 

working-class children, frequently from families with an immigrant background, such as 

Robert Boguslaw himself whose parents immigrated from Russia near the turn of the 

century. Boguslaw was drafted into the army as a rank-and-file soldier, and was discharged 

as a Lieutenant officer. He served overseas during WWII and upon return attended New 

York University (NYU) where he enrolled, in part through a fellowship and with assistance 

of the G.I. (veterans) Bill that financed the education of returning soldiers. Here, he 

majored in sociology, influenced by his war experiences, where he realized that categories, 

such as supply and demand, rational consumers, etc., do not capture the essence of that 

with which people have to cope. Robert Boguslaw worked with the psychiatrist Jacob Levy 

Moreno while at NYU. According to Dr. Kraft, Morenos ideas about sociometrics and 

psychodrama left a deep impression on Boguslaw. Dr. Kraft notes that: 

 

“In particular, Moreno's focus on role-playing in small groups helped form Bogie's sense of 

how humans gleefully find ways to screw up even the most tightly designed social control 

systems. And, as you know, Bogie considered all of engineering, including systems design, 

a form of social control.”105 

 

This led him to become skeptical about mechanistic social control systems. Robert 

Boguslaw might have been an early critic of social sites such as Facebook, even before 

Zuckerberg was born. He was aware about Norbert Wiener’s work and cybernetics, 

probably as well as the work of Jay W. Forrester on system dynamics, and saw in them 

technocratic social movements parading as value-free science, and thus rested on implicit 

ideologies. He graduated with a Ph.D. in sociology from NYU.  

 

His degree and perhaps also his experience in the army, secured him a position at the 

company Systems Development Corporation(SDC) in Santa Monica, California, which was 
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a spinoff of the Rand Corporation. The SDC was one of the first American think tanks. An 

American nonprofit global policy think tank designed to offer research and analysis to 

the United States Armed Forces. It was financed by the U.S. government and 

private endowment, corporations, universities and private individuals. The reflections of 

the 1981 issues state (Boguslaw, The New Utopians, 1981) that critics were often 

highlighting that the book was written by a “former RAND man”, either to constitute a 

certification of merit or as a disparagement.106 However, it is interesting that, in the context 

of wicked problems and the hard/soft sciences, Robert was aware of this. In the preface of 

the 1981 edition, he writes: 

 

“My own early exposure to the problems of air defense at the RAND Corporation began 

because the conclusions of many sophisticated “hard” scientist were found to be faulty.” 

(Boguslaw, 1981, p. V). 

 

The paper about wicked problems by Rittel and Webber was published in 1973. Therefore, 

the conclusion was already there that certain problems could only be solved by (social) 

design. Furthermore, Boguslaw described it as a place where, if you were a statistician 

performing probability theory and you required a million white ping pong balls and a million 

black ping pong balls, the next morning a truck pulled up with two million ping pong balls. 

It is worth noting that SDC is considered to be the world's first software vendor and was 

researching topics, such as complex systems, cybernetics, game theory, and command-

and-control structures, i.e., forerunning systems of today’s artificial intelligence.  

SDC was founded as an internal developer group in 1955 within the framework of the semi-

automatic ground environment (SAGE) air defense system. Essentially, it constituted an 

early warning system for Soviet missile attacks. According to Dr. Philip Kraft, SDCs role was 

to quickly double the number of U.S. computer programmers and related software. It 

should provide programming for the extensive software requirements of the computer 

systems of the highly networked defense system. Its importance for the future computer 

development of the U.S. was enormous because many programmers founded their own 

                                                
106 Boguslaw, Robert; The New Utopians (1981) p.205 
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companies after they left SAGE and went on to program software. Therefore, being in this 

innovative environment, it is clear to see how he connected his knowledge to the behavior 

of algorithms to systems to manage conflicts. About RAND/SDC, Dr. Phil Kraft notes: 

 

“The RAND/SDC breakthrough was to impose formal distinctions between systems design 

and analysis on the one hand and production programming and coding on the other. If 

effect, the SAGE project helped create a division between mental and manual labor in what 

was fundamentally an intellectual activity. The next step would be to automate 

programming/coding and ultimately systems design/engineering itself. Today's version of 

AI is in large measure the fruit of that early effort.”107  

 

Still with  SDC, Robert Boguslaw was transferred to a position in Washington DC.  He was a 

member of the Special Operations Research Office (SORO) at American University, and 

therewith was also involved in Project Camelot (1964), a study that aimed to analyze the 

society and culture of numerous target countries, especially in Latin America, such as 

Chile.108 In effect, it links to the end of Cybersyn and Allende. However, it also has to be 

noted that Boguslaw was a critical voice in SORO, as he and Jessie Bernard had a professed 

desire that such social change had to take place non-violently. In Chile, however, this did 

not occur. 

 
 

“SORO was one of these hybrid fusions of academic capability and government  

need, and Rohde highlights the rise of SORO by summarizing the contributions of three 

specific SORO scientists (referred to as Sorons): Earl DeLong, Jeanne S. Mintz, and Robert 

Boguslaw. It was the collective professional reputation of these three and their peers that 

gave the SORO /American University tandem a degree of legitimacy.”109  

 

                                                
107 Kraft, Philip; personal communication (17/11/08) 
108 Source: https://en.wikipedia.org/wiki/Project_Camelot cf. motives for participation (accessed 17/11/27) 
109 William, Johnson; Book Review of „Armed with Expertise: The Militarization of American Social Research During 

the Cold War” by Rohde, Joy (15/11/23). 
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While working in Washington, DC, he started writing the book “The New Utopians”. There 

is no doubt that Boguslaw’s experiences at SDC helped him to formulate his concepts about 

technological dystopias and technocrats. After publication in 1965, it won the prestigious 

C. Wright Mills Award, which resulted in his being offered and accepting a tenured position 

in the department of sociology at Washington University in St. Louis. Besides research and 

teaching, Robert Boguslaw continued to work as a consultant for diverse governmental 

projects, but always with a concern for using social data connected with electric circuits 

and networks. In addition, he continued to write books, such as Prologue to Sociology 

(1977), System Analysis and Social Planning (1982), Communication and Community: An 

Approach to Social Psychology (1985), and Tough Choices: The Decision-making Styles of 

America's Top 50 CEOs (1990) together with Sonja A. Sackmann. Again, he wrote about 

topics that are relevant today.  

 

For Robert Boguslaw, it was important that his first publication “The New Utopians” was 

seen as a critical work in social science. This was addressed in the reflections of the second 

edition in 1981. Boguslaw referred frequently to diverse thinkers, such as Thorsten Veblen 

and Karl Marx. Both are mentioned here, but not deeply explored. It lies outside of the 

scope of this work, and can be considered as a good start for further research. However, 

the work of Veblen, Marx, and Moreno are essential to understanding Robert Boguslaw.  

 

Robert Boguslaw and his wife were strong opponents of the Vietnam War, a politcal 

position which put them at great risk both financially and in terms of Boguslaw’s job at the 

Washington University.110 Robert Boguslaw himself was a person with a lot of charisma and 

a joy of life.111 To those who knew him, he was described as a warm, generous, thoughtful, 

and courageous human being. Robert Boguslaw retired from Washington University in 

1986 and died of cancer in Florida in 1992.   

                                                
110 Kraft, Philip; personal communication (18/01/29). 
111 Kraft, Philip; personal communication (17/11/08). 


	Title Page
	Abstrakt
	Abstract
	Keywords
	Methodology
	Preface
	Acknowledgements
	Table of Contents
	Abbreviations
	List of Figures and Illustrations
	Prolegomena
	Introduction
	Ethics, AI, and Human Bein
	The man-machine relation in the 20th century
	The City, interaction, and Human Beings

	PART I – An overview of related case studies.
	1.1 Introduction to Part I
	1.2 BrainBox and Cybernetics
	1.2.1 Terminology
	1.2.2 BrainBox and Cybernetics
	1.2.3 Summary

	1.3 The Grassland Biome and Cybersyn
	1.3.1 Terminology
	1.3.2 The Grassland Biome and Cybersyn
	1.3.3 Summary

	1.4 Art and Cybernetics / Information and Redundancy
	1.4.1 Terminology
	1.4.2 Art and Cybernetics / Information and Redundancy
	1.4.3 Summary

	1.5 Team Syntegrity
	1.5.1 Terminology
	1.5.2 Team Syntegrity
	1.5.3 Summary

	1.6 Loop Systems, Colloquy of Mobiles, and the Technobody
	1.6.1 Terminology
	1.6.2 Loop Systems, Colloquy of Mobiles, and the Technobody
	1.6.3 Summary

	1.7 Tame, Complex, and Wicked Problems
	1.7.1 Terminology
	1.7.2 Tame, Complex, and Wicked Problems
	1.7.3 Summary

	1.8 System Dynamics
	1.8.1 Terminology
	1.8.2 System Dynamics
	1.8.3 Summary


	PART II - Current Industry and I
	2.1 Introduction to Part II
	2.2 Kondratiev Wave Cycle
	2.2.1 Terminology
	2.2.2 Kondratiev Wave Cycle
	2.2.3 Summary

	2.3 The Internet of Things, Factor 4, and Industry 4.0
	2.3.1 Terminology
	2.3.2 The Internet of Things, Factor 4, and Industry 4.0
	2.3.3 Summary

	2.4 Cyber-Physical Systems
	2.4.1 Terminology
	2.4.2 Cyber-Physical Systems
	2.4.3 Summary

	2.5 Building Kits and Building Information Modelling
	2.5.1 Terminology
	2.5.2 Building Kits and Building Information Modelling
	2.5.3 Summary


	PART III – The BrainBox
	3.1 Introduction to Part III
	3.2 Claim for BrainBox
	3.3 Technical Set-up and General Functioning
	3.3.1 BrainBox
	3.3.2 Urban Gallery

	3.4 System Dynamics and the BrainBox
	3.5 Interface
	3.6 Scalability
	3.6.1 Version 1
	3.6.2 Version 2
	3.6.3 Version 3
	3.6.4 Version 4

	3.7 Proof-of-concept: Version 1
	3.7.1 Set-up and Methodology Berlin Buch
	3.7.2 Report Table 3 – Requirements for New Housing Projects
	3.7.3 Final Statement Buch
	3.7.4 Conclusion of CCL V1

	3.8 States of Being
	3.9 BrainBox Prototypes
	3.9.1 BrainBox 2014
	3.9.2 BrainBox 2015
	3.9.2.1 BrainBox 2016
	3.9.2.2 Set-Up BrainBox MetSol 30 May 2016

	3.9.3 Surveys
	3.9.3.1 Surveys 2014 and 2015
	3.9.3.2 Survey 2016



	PART IV - Conclusion and Future
	4.1 Introduction to Part IV
	4.2 Conclusion
	4.2.1 Global View
	4.2.2 Urbanistic View
	4.2.3 Personal View

	4.3 Strategic directions for the use of the CCL
	4.4 The Significance of the CCL in relation to Architecture, Urban Design,Cybernetics, and AI

	Reflections
	Bibliography
	Appendix
	Interviews
	Wim Elfrink, Executive Vice President, Industry Solutions and ChiefGlobalisation Officer, Cisco Systems
	Jürgen Roters, Major of Cologne 2009-2015
	Dr. Michael Häupl, Major and Governor, City of Vienna 1994 - 2018

	Robert Boguslaw, The New Utopians


