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ABSTRACT

CREATIVE EVOLUTION IN ARCHITECTURE:
A CRITICAL INQUIRY INTO NEW RELATIONS OF OBJECTILE-
SUBJECTILE AND INTELLIGENT SPACES

Erisen, Serdar
Doctor of Philosophy, Architecture
Supervisor: Prof. Dr. Giiven Arif Sargin

November 2021, 398 pages

This thesis investigates how architecture has responded to evolutionary changes under
the ongoing influences of advanced technologies and industrial revolutions. It
considers the evolutionary aspects of human-computer interactions and the built
environment in describing the creative evolution in architecture. In the period
approaching Industry 5.0, the research relocates the subject of architecture in the
context of human-technology relations: novel scientific paradigms and coexisting
technological developments offer creative and non-standard production opportunities
with new design and production tools for the architect-subject in architectural practice,
the majority of which evolved within Industry 4.0. It is claimed that this transformation
also implies new thresholds in architectural practice and new organizational dynamics
via intelligent spaces and learning environments of scientific and academic
institutions, as in smart campuses. Hence, the research aims to study intelligent spaces
in the context of evolutionary built environment, design, and recent developments in
production, following state-of-the-art technologies, to grasp new relations between

Objectile and Subjectile.

In this regard, to define the theoretical boundaries with key concepts for new subject-

technology-environment relations, the research applies both content and



spatiotemporal analysis to the related research and selected cases. Evaluating Henri
Bergson’s seminal ideas on creation, creativity, and evolution, the research initially
defines the research problem on new Subjectile-Objectile relations. Architectural
practices that are dominated by transformed production conditions also include
different evolutionary processes depending on certain factors outside the field of
architecture itself. The dominant transformation of architectural practice from the first
quarter of the 20th century has ultimately reached the present period, with smart
spaces, intelligent networks, automation in construction, and new human-computer
interactions. In this research, an exploration of the complex modalities between
architects, technology, and the built environment through challenging inquiries into
the industry, technology, and science is conducted accordingly. In this scope, this
research aims to define creative evolution in architecture by considering evolving
architect-technology-environment relations. To achieve this aim, the research inspects
how artificial (intelligence) neural networks, multi-agent systems, collective models,
and crowdsourcing methods can be analyzed, classified, and applied through
spatiotemporal examples, architectural practices, and theories. Finally, the thesis
evaluates how these investigated methods, abstract models, and research are applied
through intelligent spaces, learning environments in scientific/academic institutions
and smart campuses in understanding new relations between Objectile, Subjectile, and

the built environment.

Keywords: Architecture and Technology, The Digital Paradigm in Architecture and
the Built Environment, Objectile and Subjectile, Intelligent Spaces, Universities &

Smart Campuses
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0z

MIMARLIKTA YARATICI EVRIM:
TEKNOLOJIK NESNE [OBJECTILE]-OZNEL ARAYUZ [SUBJECTILE] VE
AKILLI MEKANLARIN YENI ILISKILERI UZERINE ELESTIREL BiR
ARASTIRMA

Erisen, Serdar
Doktora Tezi, Mimarlik
Danigman: Prof. Dr. Giiven Arif Sargin

Kasim 2021, 398 sayfa

Bu tez, mimarligin, ileri teknolojik ve endiistriyel devrimlerin siiregelen etkileriyle
evirilen degisimlere nasil yanit verdigini arastirmaktadir. Bu arastirma, mimarlikta
yaratici evrimi tanimlamakta, insan-teknoloji iligkilerinde ve yapili ¢cevrede evirilen
unsurlar1 ele almaktadir. Endiistri 5.0°1n yaklastigi bu donemde, arastirma mimarligin
Oznesini insan-teknoloji iligkileri baglaminda yeniden konumlandirmaktadir: Yeni
bilimsel paradigmalar ve buna kosut teknolojik gelisimler, mimarlik pratiginde
temelde Endiistri 4.0 ile doniisen yaratici ve standart olmayan iiretim olanaklar ile
mimar-6zne i¢in yeni tasarim ve iiretim araglari sunmaktadir. Bu doniisiimiin ayni
zamanda mimarlik pratiginde akilli mekanlar, bilimsel ve akademik kurumlarin
ogrenen cevreleri olan akilli kampiisler vasitasiyla yeni ‘yeni esikler’ ve orgiitsel
dinamikler olusturacag: ileri siirlilmektedir. Bu anlamda bu tez akilli mekanlari,
teknolojik nesne (Objectile)-6znel arayliz (Subjectile) arasindaki yeni iliskileri
anlamak i¢in, evirilen yapili g¢evre, tasarim ve teknoloji harikalarini takip eden

tiretimdeki yeni gelismeler baglaminda ele almaktadir.

Aragtirma bu baglamda, yeni 6zne-teknoloji-¢cevre iliskilerinde teorik cerceve ve

kavramlar1 tanimlamak i¢in ilgili arastirma ve mekansal durumlarn icerik ve zaman-
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mekan analizlerine tabi tutmaktadir. Henri Bergson’un yaratim, yaraticilik ve evrim
tizerine fikirlerini degerlendiren bu calisma, arastirma problemini Oncelikle yeni
teknolojik nesne (Objectile) ve 0Oznel arayiiz (Subjectile) iliskileri iizerine
yoneltmektedir. Doniisen {liretim kosullarina bagat mimarlik pratikleri dissal etmenlere
de bagli olarak farkli evrimsel siire¢ler icermektedir. 20. Yiizyilin ilk ¢eyreginden
giiniimiize kadar uzanan mimarlik pratiginin teknolojiyle doniisiimii, nihayetinde akilli
mekanlar, akilli sebekeler, yapida otomasyon ve insan-bilgisayar etkilesimiyle yeni bir
doneme ulagmistir. Buna bagh olarak bu arastirmada, iiretim, teknoloji ve bilimdeki
zorlu arastirmalari irdeleyen mimarlar, teknoloji ve ¢evre arasindaki karmasik iligkiler
lizerine bir inceleme siirdiiriilmiistiir. Bu kapsamda, arastirma evirilen mimar-
teknoloji-gevre iligkilerine bakarak mimarlikta yaraticti evrimi tanimlamay1
hedeflemektedir. Arastirma bu hedefi gerceklestirmekte, yapay (zeka) sinir aglari, cok
etmenli sistemler, kolektif modeller ve kitle kaynak kullanim yontemlerinin, zaman-
mekansal ornekler, mimari pratik ve teorilerle nasil analiz edilip siniflandirilarak
uygulanabilecegini irdelemektedir. Sonugta, bu tez teknolojik nesne (Objectile)-6znel
arayiiz (Subjectile) ve yapili ¢cevre arasindaki iligkileri anlamakta ele alinan metot,
model ve arastirmalarin akilli mekanlar, bilimsel/akademik kurumlarda 6grenen

cevreler ve akilli kampiislerle nasil uygulandigini degerlendirmektedir.

Anahtar Kelimeler: Mimarlik ve Teknoloji, Mimarlik ve Yapili Cevrede Dijital
Paradigma, Teknolojik Nesne ve Oznel Arayiiz, Akilli Mekanlar, Universiteler ve

Akilli Kampiisler
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CHAPTER 1

INTRODUCTION

1.1. Aim and Question of the Thesis

Architecture has undergone significant evolutionary changes with the rise of the digital
paradigm within its practice and theory. Recently, advancements in non-standard
production, human-computer interactions, and intelligent environments, aside from the
rise of robotic technologies, have been further implemented in architecture via the
fourth industrial revolution, or ‘Industry 4.0°. The critical concept of Objectile!, in that
regard, has revealed a new complexity in non-standard production outcomes. The
rising impact of digital twins with augmented reality, robotic construction, and IoT
technologies towards Industry 5.0 has further required the redefinition of Subjectile?
and new Objectile-Subjectile relations in the challenges relating to decision making

and creative action with emerging state-of-the-art technologies and intelligent spaces.

Thus, this thesis explores how architecture has responded to these evolutionary
changes in human-artificial interactions, technology, production, and the built
environment. With inspiring ideas from Henri Bergson’s theories on Creative
Evolution, the thesis aims to read the changing dynamics in architecture with digital
technologies. Bergson’s theory on ‘creation’ is about an ontological understanding of

the discrete moment of creation, genesis, and creativity in life’s evolutionary dynamics

! Bernard Cache defines Objectile as the flowing technological object created by informational technologies in non-
standard production (Cache, 1995). In the rise of informational technologies that have enabled the design and
production of customized objects digitally, Bernard Cache aims to emphasize the increasing flow of information
and its outcome as the technological object by the term ‘Objectile’. In this study, Objectile is used to describe the
current condition of new technological objects, such as artificial agencies, design products, and nonstandard
production, by the advancements in technologies.

2 Bernard Cache describes ‘Subjectile’ as creative attributes, as in the ones of curvilinear forms, that subject
intuitively generates through production objects like molds (Cache, 1995). Additionally, Subjectile can be
described by the tendencies, preferences, and genuine contributions of the subject in its interaction with artificial
objects (Cache, 1995). In this regard, new interpretations of Subjectile should be regarded as the creative or
performative act or preferences of one individual in connection with non-standard production, as interfaces, objects,
and relations that will be generated by new technologies.



(Bergson, 1998, pp. ix-xv; 98-272). Bergson assessed the notion of creativity in human
behavior, and he questioned the complex stages, divergent lines, and culminating
points of the evolution of multiple ecologies in life (Bergson, 1998). Therefore, his
idea about creation is initially interpreted in this thesis to understand creativity’s role
in the complexity of human-computer interactions, correlations, and architecture’s

evolutionary progress.

Artificial agents and computational tools in the evolutionary changes of architecture
are believed to have the capacities of information creation that architects cannot
achieve. The immediate duplication or instant generation of information, faster
computations, multitasking capabilities, and discrete and coexisting correlations are
among such skills of artificial agents of virtual and substantial creation, in addition to
their mechanical capacities. On the other hand, the ‘creative impulses’ of the human
agents perform in harmony with the metabolic processes in life; intuit complex
relations in duration (Bergson, 1998, pp. 1-7; 2002), and usually provide subtle

distinctions and decisions regarding social, cultural, and collective dynamics.

New generation technologies such as neuromorphic chips, molecular computing,
quantum computing, and supercomputers (Arute, Arya, Babbush, et al., 2019) have
started to challenge our physical and cognitive worlds. Moreover, the rise of 4D
printing, which creatively reproduces, restructures, or regenerates its materiality, has
also enabled the interactions of architects and designers with digital interfaces during
production®. This development implies new relations and ecologies to be creative
evolutionary processes in architecture. It is now possible to grasp such evolutionary
trajectories of successive industrial revolutions in technological objects towards the
non-standard productions, reinterpretation of creativity, and in the redefinition of
Subjectile. Accordingly, Objectile-Subjectile relations are in need of fresh

explorations with regard to Industry 5.0.

The necessity of shared concepts and even correlations between architect-subjects and
technological interfaces for creative action offers a generative mindset* to derive new

human-artificial models and relations in decision making, action, and production.

3 Autodesk's Project Cyborg was specifically developed by a team of designers and engineers (Tibbits, 2014).
4 See also (Bergson, 1911; 1927; 1920; 1946).



Bergson’s concept of intelligence described for the intellectual agent in the dynamics
of the creative evolution of Life (Bergson, 1998, pp. 135-165), in this regard, is
selected as the primary key concept for the (re)conciliation between the natural and
artificial agents as the form of intelligence (Bergson, 1998, pp. 186-272). By
evaluating Bergson’s ideas, this reconciliation can be found in sense perception and in
the cognitive functions of the intellect and instincts (Bergson, 1998). Efforts to
understand this form of intelligence will hence be attempted with its primary cognitive
constituents of performance and Affect, together with content analyses of the related
research in cognitive science (Bergson, 1998; 2002; Marcuse, 1998; Picard, 1997;
Ballard, 2015; Deamer, 2015b). The related modalities for new Subjectile-Objectile
relations are respectively evaluated through key concepts of performance, affect, and
intelligence, defining the theoretical boundaries of the primary research question. This
inquiry includes the correlational aspects of humans and technology in production,
industry, and science, apparently revealing the complex topologies of humankind,
nature, and technology in a creative evolutionary process. It requires a new
professional organization, and paves the way, as Hight and Perry claimed, to a new

‘collective intelligence’ (Hight & Perry 2006).

This organization is a novel socio-technological play that incorporates design and
action, and human, computer, and environmental forces within a networked relation.
The reasoning behind this incorporation explains how particularities can define a
collective intelligence around given tasks. The study also questions the evolutionary
transformation of the built environment on human-technology-environment relations
because of the prominence of the role of the built environment in the organization of
those collectivities. Thus, the inquiry into collective forms of peer-to-peer relations
between the new Subjectile and Objectile are studied further under the rising impact
of intelligent spaces. The development of artificial neural networks and sensorial
computational tools towards neuromorphic computer chips also implies new
organizational capacities, even for architecture. In this regard, crowdsourcing by Big
Data and the Internet of Things (IoT) gain priority in the generation of selections,
preferences, and conscious decision making to describe the new role of Subjectile with
inevitable repercussions on the future of architectural technologies and intelligent

environments.



Accordingly, the ascribed meanings of intelligence, which are again reinterpreted from
the book Creative Evolution (Bergson, 1998), account for the cognitive togetherness
of performative skills, efficiencies, and organizations among architects, artificial
agents, and the environment. The scope of this concept of intelligence ranges from
material intelligence to the rising paradigm of sensorial environments and
spatiotemporalities with crowdsourcing and IoT for the action of the new Subjectile.
Thus, this intelligence accompanies the cognitive aspects through affect-based
interactions, primarily considering the role of creativity and performances as a couple

of relations in the generation of intelligent spaces.

Technology can be the factor that effects the segregation and differentiation in the
primary distinctions among the architect, engineer, designer, artist, businessperson,
and producer. However, this research claims that the concept of intelligence for
organizational capacities can generate unity among different professionals, once again,
by technological capacities and interrelated conceptions. This unified attempt
questions the sharp distinctions among professions that can come together in shared
creative decision-making processes and actions using technology and novel
environments (Carpo, 2013). Intelligent spaces, learning environments of scientific
and academic institutions, and even smart campuses, in that regard, can be inspected
as such spatiotemporalities due to their evolutionary dynamics. This research critically
investigates the collective impacts, spatiotemporal outcomes, and consequences of
technologies in relation to production, industry, and space through the theoretical

conceptions of Objectile and Subjectile.

New generation computing means also have a consequential place in questioning the
intelligence of interrelated actions in their spatiotemporalities and the interdisciplinarities
of different professions. To be actively used in assessing the performativity and energy-
related patterns of architectural technologies, new generation computers, and the future
of Al imply overcoming challenges of environment and subjectivity through
negentropy-based energy relations. This argument herein necessitates being critically
aware of the strategical growth of these technologies. These relations can only be
understood, however, within the evolutionary trajectories of the industrial revolutions

and discrete reference systems that have emerged in different processes, from



modernity to new technological developments.

The current dynamics of the digital paradigm and advanced production technologies
also imply a challenge in architecture, as a modern profession, to understand the
creative shift, with its repercussions, on agent-based organizational formations,
changing collective practices, and spatiotemporal activities. Respectively, these
distinct referential bases indicate different paradigmatic turns that can be defined
through the creative evolutions in architecture. Therefore, the argumentations with
regard to the digital paradigm also require a survey on the historical evolution of
architectural mainstreams, including the concern of the discreteness and togetherness
of related paradigms about the built environment that we live in and the rising
technology that we use. The thesis examines the concepts and paradigms of the modern
built environment and the digital paradigm and intelligent spaces together as complex
topologies of human-artificial-environment interactions. In this respect, the aim is to
unfold the encapsulating dynamics of the architectural profession that shape the built
environment we inhabit together with the technologies that we use. This is an attempt
to see the possible relations between architects, technology, and the developing

intelligent environments.

The above notwithstanding, it is not an easy task to present the complexities of these
evolutionary trajectories and topological modalities all at once. The complexities of
the topological relations of the architect, technology, and the environment include the
rules of nature and the culture of the built environment. Therefore, consistent
methodologies of spatiotemporal analyses and overarching content analyses of related
research are proposed to classify and reread those complexities through the common
mind/skillsets for new relations between Objectile-Subjectile and the environment. By
this approach, the aim of the research is to develop a specific theoretical framework
for the novel practices of technology in intelligent environments. The investigation
aims to provide an understanding of how human-artificial interfaces, technology
transfers, multi-agent models, and crowdsourcing methods towards many-body
systems of human-artificial-environmental interactions can be evaluated for complex

and creative collectivities and modalities in architecture.

Decision-making processes and creative (performative and affect-based) actions are



claimed to search for critical intelligence in architecture for these collectivities, many-
body systems, and human-artificial-environment topologies with regard to the
challenges of knowledge generation. At this point, the research finds a gap in the
existing literature to found new Subjectile-Objectile relations that university campuses
have seen little discussion in the discourse on the spatiotemporal qualities of collective
organizations. Thus, the research seeks new collective modalities between Subjectile
and Objectile in the implication of intelligent spaces by research institutes and
universities, and in designing spatiotemporalities and producing architectural
technologies. The research finally analyzes particular cases from universities and
scientific research centers, such as learning and research environments and smart
campuses, with collective, institutional, and organizational expectations to implement

intelligent spaces in the built environment.

1.2. The Motivation of the Thesis

The influences of technological revolutions have altered the focus of architecture from
being a modern discipline to the influences of artificial intelligence and new
technologies on design and cognition (Mitchell, 1994). By identifying architecture
with its modern merits, this thesis focuses on describing the current dynamics of
informational revolutions as reflected on the scale of production and the cognitive,
theoretical agenda. The digital culture and paradigm in architecture, as a modern
discipline, have changed the roles and tasks of the architect in the profession, and
challenged the discourse on the architectural subject, as well as the means of
production and design. This inquiry also evokes the primary question regarding the
conjunctive and disjunctive grounds between the role of the architect and the
innovative progress of architectural technology. The dynamics outside of the closed
culture of architecture, concerning industry, production, science, and technology,
should also be primarily introduced to those relations. Accordingly, this thesis aims to
provide an understanding of how the recent advancements in technology, production,

and informational studies can affect architecture, its practice, theory, and its agents.

This inquiry was highlighted by Objectile, which can be described as the technological

object designed and produced by advanced informational technologies; its counterpart,



Subjectile, can be described as the interface or outcome of the performative and
creative act of the subject. Possibilities and obstacles between Subjectile and Objectile
were also questioned to theorize whether there is a subjective behavior identified with
a connected and correlated artificial agency. This question enables the assessment of
whether the creative or intuitive act or particular behavior of the individual can still
emerge in the dynamics of the built environment when they are also monitored through
the production relations. Such activity, respectively, is expected to define what
Subjectile actually is in Industry 4.0. Accordingly, Subjectile will be freed from the
misunderstanding of ‘the error’ of the craftsmanship when it is considered in the built
environment with Objectile, as the technological object that would relentlessly show
any error other than the given information. Hence, Subjectile can be understood as an
exact creative contribution of an individual in production, yet it is expected to be
updated in line with changing technology and even scientific basis. In this regard, the
distinguished attributes of the evolutionary behavior of the subject to overcome the

limits of the Objectile and the predetermined Subjectile are questioned.

The motivation behind this thesis includes an inquiry that is based on how the relevant
discussions and studies on cognitive sciences, information technologies, such as Al,
and production technologies influence architecture. Briefly, the motivations bind the
aims and research questions, drive the inquiries throughout the proposed
methodologies and urge a survey of the related dynamics, as is also outside the modern

culture of architecture concerning:

* The search for a common mindset between the subject and artificial agents to read
the collective agency of architecture in knowledge generation as intelligence;

* The peculiarities of architects, such as creativity, and their collective form in
interaction with architectural technology, so as to redescribe Subjectile in the
dynamics of the built environment and intelligent spaces;

» Analyzing Objectile and the rise of new technologies;

* Models and relations for humanized technology in human-computer interactions
related to the creative cognitive activities in architectural production and design;

* Defining the roles of intelligent spaces for new Subjectile-Objectile relations with
artificial intelligence, Big Data, and IoT technologies, and other means of

crowdsourcing in architectural interfaces, spaces, and developments;



» Understanding the ever-achieved complexity of different reference systems of
production, design, and architecture regarding spatiotemporal experiences to
evaluate the digital paradigm in architecture and the built environment;

= Revealing the togetherness and discreteness of the evolutionary transformations of
the built environment and the digital paradigm in architecture;

= The new thresholds of the subject from the question of Subjectile in human-
artificial correlation and its collective formations;

= Shared mindsets between the subject and the artificial;

» Human-nature-artificial interactions and (informational and relational) topologies
to question the potential, difficulties, and challenges of organizational

considerations as creative evolution(s) in architecture;

1.3. Scope of the Thesis

The investigation of human-computer interaction with repercussions on and from the
built environment will attempt to focus, together with the role of intelligent spaces, on
understanding the new relations between Subjectile and Objectile. By analyzing the
gap within the existing literature in the digital paradigm concerning the collective role
of modern environments, such as university spaces, the research will attempt to
understand Subjectile-Objectile and environment relations. The research investigates
the particular roles of intelligent spaces accordingly by exploring cases from the

learning environments of scientific and academic intuitions, such as smart campuses.

In line with the research aims, this thesis investigates the strong repercussions of
cognitive and natural sciences, as well as behavioral, social, and human sciences, aside
from industry and technology-related economics, on architecture, design, and urban
environments. Hence, this wide-ranging scope of interdisciplinary investigations can
be extended to grasp the production and theory-based correlations, paradigms, and
methodologies. This broad scope refers to the modalities between human, artificial,
and environmental agencies as topologies. It reveals the challenges of related practice
and theory of the organizational, cognitive, informational, and
educational/epistemological aspects of architecture that are to be investigated through

technology in learning/intelligent environments. This inquiry also explores the rising



impact of smart systems/grids and smart cities, robotics in construction, and networks
of human-computer interactions/interfaces together with innovative means of

practicing, theoretical modeling, crowdsourcing, and data processing methods.

At this point, it is also crucial to note the corresponding experiences of architecture
departing from modernity to post-modernity, in the emergence of Deconstructivism,
towards the new paradigm by the digital turn(s) in architecture. This investigation
corresponds to the evolutionary progress of the industrial revolution® beyond being a
breaking point of production and knowledge in time that also transforms the relatively
closed culture of architecture. The latest informational revolution of artificial
intelligence with reciprocal networks of Industry 4.0 and 5.0 ¢ revealed the
corresponding advances in informational technologies. In this scope, the role of
information requires understanding architecture through the dynamics of novel means

of computation and the future of state-of-the-art technologies (Erisen, 2018a).

It is crucial then to broaden the research horizon towards novel technologies: the
capacities of production, and speculative executions in their potentials and limits, as
well as their effects on the alteration of architectural design and production. The direct
correspondence of computation with the material and the environment by nanoscale
production has revealed itself in ‘atomically precise manufacturing’ (Drexler, 2013).
The rising studies into 4D printing in architecture, besides molecular computing and
synthetic biology, have added to these new potentials for intelligent spaces and in the
foundation of smart campuses with experimentational laboratories and new
technologies. Moreover, the digital twins with augmented reality, as well as the

emergence of neuromorphic computer chips’ and their possible relations with humans

3> The informational revolution of the data-driven processes of decision mechanisms and the end-product through
atomically precise manufacturing describe the breaking point of the dynamics of professional practice and theory.
This thesis scrutinizes the term revolution closely in its production-based and social relations in an evolutionary
progress of open systems as the environment and life itself. Since the information age emerged within a close
relationship between science and technology, the revolution in industries has emerged as a creative breaking point
of that evolution.

¢ Among the other industrial/technological revolutions, Industry 4.0 indicated the “introduction of connected
devices, data analytics and artificial intelligence technologies to automate processes further” (Ozkezer, 2018)
creating the networks of communication and production besides the correlation with ‘atomically precise
manufacturing’ capacities. Industry 5.0 defining the human-computer interaction at the very complex level, on the
other hand, can be implied with the delivery of neuromorphic chips that Intel introduces, which become capable of
much more complex performative tasks. “Industry 5.0 is focused on the cooperation between man and machine, as
human intelligence works in harmony with cognitive computing.” (Ozkezer, 2018). See also (Rada, 2019)

7 See also (Davies, et.al, 2018).



and environmental interactions, have indicated the effects of state-of-the-art
technologies of human-computer interactions towards Industry 5.0 (Ozkezer, 2018;
Rada, 2019). In addition to neuromorphic computing chips, other state-of-the-art
quantum processors, such as nanophotonic or molecular computing, have increased
the efficiency of information processing, communication, and computation (Erisen,

2018a), and indeed they imply novel industrial transformations.

These developing technologies are also evaluated in terms of their limits, potential,
and necessity in the design of the spatiotemporalities of smart environments and effects
on abstract interactions and decision-making models in architecture. Therefore, further
explorations of abstract models and modalities of human-computer interfaces,
technology transfer models, multi-agent systems, and many-body systems for the
creative organizational possibilities of the agencies of architecture are conducted in
the design and development of intelligent spaces and learning environments, such as
smart campuses. Thus, the thesis also investigates the roles of evolutionary and
advanced metaheuristics, and informational processing algorithms with regard to the
new generation, state-of-the-art technologies, and the future of Al, Big Data, and the

10T for architecture.

1.4. Hypotheses and the Premises of the Thesis

The thesis claims that creative evolution in architecture can be described through new
human-technology-environment interactions to be read through Subjectile-Objectile
relations and evolutionary transformation of the built environment towards intelligent
spaces. The rise of technology in architecture defines novel theoretical and
organizational formations regarding the agency of architecture. The rising and new
generation technologies require novel research agendas and critical approaches with
collective organizational formations of subjects and artificial agents. The thesis claims
that new state-of-the-art technologies and agent-to-agent relations between humans
and technologies in design and production urge us to study the redefinition of
Subjectile according to the evolution of the technological object, Objectile, under the
rising impact of intelligent spaces. This needs to be studied with new collective and

conceptual inquiries by subject-architect and technology relations regarding the

10



potentials of neuromorphic computing chips, 4D printing, loT-based design, as well
as other new generation computers for the future of smart built environments, and new

organizational forms among creative agents within architecture.

It is hypothesized that creative evolution in architecture can only be understood
through new Subjectile-Objectile relations by considering the evolutionary
transformation of the built environment, with collective forms and technology in
architecture influenced by industrial revolutions. Further technological developments
derived from architectural endeavor, such as intelligent spaces, can be the testbeds for

those advancements to guide unified and critical collective organizations.

The potential of creative and intellectual thought makes sense, in that regard, once they
have been found to be consolidated with the phenomenal facts and experiences.
Accordingly, architecture occupies novel production relations under the generic
dynamics of theoretical concepts and human-computer-environment togetherness.
This research proposes the peculiar potential of the subject with the collaborative
networks of innovative architectural technologies and the built environment with the
dynamics of creativity. The new opportunities of Industry 5.0 imply the potential for
progressive evolution with technological investigations in the environment. This
possibility necessitates a critical stance to consider these developments with the
dynamics of the knowledge and production of the built environment. Moreover, such
considerations offer possible theoretical opportunities and methods of constructing
logical and discursive practices to think about the associated environmental
challenges, and to plan the future of natural and built environments, such as smart

campuscs.

To conclude, this inquiry necessitates looking for the correlations and fine distinctions
between the Subjectile and Objectile, rather than solely defining the dynamics with
regard to perennial industrial revolutions. Hence, the topological modalities between
human-nature-artificial define the upper and lower boundaries of knowledge
landscapes and new organizational formations, and correspond to the higher
dimensional complexities of the evolutionary agenda of architecture. Overall, this

research can be seen as an endeavor to theorize:

11



* a new research agenda of architecture through ‘the multi-existing dynamics of
creative evolution’,

* a critical inquiry into the relations of creativity of the subject and architectural
technology, and

= the reorganization of (and with) the built environment regarding the creative
subject of architecture and its critical collective formations by technology and

theory.

1.5. Contributions and Limitations of the Thesis in the Literature

This thesis offers a critical reading of evolutionary architecture with abstract models
of thinking, organization, and theoretical/epistemological evaluations. The
comprehensive examination of the existing and evolving circumstances of architecture
by evaluating the key term of ‘Creative Evolution’ can be seen as a peculiar attempt
in architectural literature. Respectively, this work attempts to describe how
architecture has responded to the evolutionary changes of the last century regarding its
distinguished paradigms. The related research fields in question extend from cognitive,
computational, behavioral studies to the cultural and organizational correspondence of
architecture in relation to industry, production, science, and technology in evolutionary
trajectories. This thesis can hence be seen as a theoretical endeavor including many
accompanying examples, abstract models of practice and decision-making, research

fields, as well as ongoing spatiotemporal experiences.

With the initial inquiries of Le Corbusier (2006) and Sigfried Giedion (2008) with
space-time perceptions about the industrial impacts on design culture, the evolution of
modern architecture has been analyzed and categorized by the related research of
Frampton (1992; 2006) and Jencks (2006). The rise of the digital media in design and
production, together with the inspiring studies on nature, have resulted in the studies
of Lynn (1993; 1999) and Frazer (1995) as milestones of a novel paradigm, and
volatilized the new research agendas within subsequent industrial revolutions.
Subsequent years have also seen other significant examples, such as Schumacher’s
(2011a; 2011b) parameter-based algorithmic approaches inspired by the self-

replicating and evolutionary mechanisms in life.
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Being theoretical bases of the transformation in the culture of architecture, the peculiar
endeavors of Picon (2010), Carpo (2013b; 2017), and Deamer (2015a) are among the
most impressive references, with their attempts to outline the new dynamics of the
profession. It is crucial to note the potential and problems of professionalization,
including internalities and the dynamics of individual and collective beings within this
work. Therefore, it is important to clarify here that the architect cannot be seen as an
individual agent in the rising expectations of the workflow and teamwork, but rather
as a networked agent. The attempt will be made to define this identification through
the theme of intelligence, with strong influences of actor-network theory (Latour,
2005), and also by referring to Herbert Marcuse’s seminal study on performance

principle (Marcuse, 1998).

Nevertheless, as the dynamics and problems of professionalization and the role of the
architect are deeply explored by Deamer (2010a; 2010b; 2015a)%, Bernstein (2010a;
2010b), Tombesi (2010), and Taylor (2010), the research refrains from adopting
further similar approaches, which of course represents a limitation of this research.
The study instead focuses on the novel grounds of the subject-technology relations,
regarding them as new Subjectile-Objectile relations in the relative dynamics of
technological innovation and science explored to their fullest extent. This approach
will further enable us to focus more on the evolutionary dynamics in human-
technology-environment relations (Peters & Peters, 2018) that have creative leaps with
new and old struggles coming from the precedent periods, just to be read by the
concept of creative evolution. Moreover, the inquiries into new technological
developments for human-computer interactions, modalities via new Objectile-
Subjectile relations, and on the innovative developments of learning environments
distinguish this research from the early studies of Carpo, Deamer, and Picon, as well

as Peters & Peters.

8 Deamer (2015a) also noted the role of creativity and task-intense activities to be understood through the pleasure
principle. Deamer's (2015a; 2015b) idea dwelled on the greater emphasis and greater interest on the playful
enjoyment of task. Deamer's approach, in that sense, can also be evaluated as a contribution regarding Freud’s
pleasure principle and Marcuse's performance principle together. In this study, it was to understand the changing
dynamics of human-artificial interaction and the evolutionary transformation of the urban milieu together with the
environmental challenges, as well as to imply the new thresholds for the architects that become subjected to the
change in technology and top-down investment decisions of capitalism, and yet to break the boundaries of the
crisis-prone repetitive and cyclical loop of production-investment dynamics.
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The research also claims to have found knowledge bases and their corresponding
informational modalities that can be followed through each corresponding chapter and
section with regard to the themes of evolution and their corresponding space-time
conceptions. This work also concerns the informational grounds of common interfaces
between the human, artificial (computation), and nature (environment), such that it
also considers this epistemological endeavor as a challenge of conscious decision-
making. Respectively, by integrating the logical executions in the practice and logic
of spatiotemporalities, as Alexander (1977) did, this study becomes more
distinguished from the above-mentioned and well-known theoretical studies. Similar
to the seminal approaches of Negroponte (1970), Akin (1986; 2006), and Mitchell
(1994) about the initial transformation of architectural design and its logic with
artificial intelligence, this research also attempts to explore the common logic between
human-computer interactions. Accordingly, this study attempts to find new grounds of
discussion between Objectile and Subjectile (Cache, 1995) through the relation

between the subject, technology, and the environment.

The larger-scale transformations of the digital influence in architecture and urban
environments are also accordingly studied. It is possible to read the dynamics of the
information age and architectural built environments by grasping the socioeconomic
dynamics and organization of space. Thus, the literature covered in this thesis includes
Mitchell’s vision of the deep infrastructural revolution of the cities by ubiquitous and
quantum computing, learned from his book Me++ (2003b). Similarly, Batty’s (2011)
mathematical considerations in the control of flowing relations of the city, as well as
Picon’s (2015) seminal consideration towards Smart Cities, regarding a spatialized
intelligence, are included in this investigation. This research, respectively, corresponds
to a virtual transformation of the informational interfaces by defining the new domain
of ‘urban informatics’ (Foth, 2009). The substantial changes of the elements of the
built environment are further defined through the idea of ‘electronic twins’ (Mitchell,
2003Db), or the Digital Twins (Batty, 2018), corresponding to the entanglement, or at

least strong correlations, between the physical entities and virtual informational bases.

The related transformations in the tectonic aspects of the built environment,

respectively, gave birth to the rising paradigm of Interactive Architecture and
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Embedded Computation that were seminally explored by Fox and Kemp (2009). Those
endeavors have increased the focus on instrumentalizing the tectonic elements of
architecture via the relative concepts of responsive and adaptive architecture
(Rodolphe, Marcopoulos, & Moukheiber, 2012). Accordingly, Lehman’s (2017)
hypothetical discursive constructions, offering new spatiotemporal possibilities of the
learning environment with regard to changing technology, reveal similar approaches
to understand the networked individual agency with technological and artificial
elements, as well as with the environment itself. Thus, the specific declaration of this
thesis is to find models, methods, and theoretical grounds for human-nature-artificial
topologies through correlations and disjunctions between Subjectile and Objectile by
subject-environment-technology relations, specifically investigated through intelligent

spaces.

The most recent spectacular examples of the perpetual transformation of architecture
with technology and science have shown the most robust evidence of ‘Robotic
Building’, even in constructing the built environment with embedded intelligence and
fabricating agencies (Claypool, Garcia, Retsin, Soler, 2019). The evolution from the
digital turns of architecture to the paradigm of robotics in automation was revealed by
the many seminal essays of Carpo, Yablonina and Menges (2015), Lynn (2012), and
Picon (2019), amongst others. Thus, the fledgling paradigmatic interpretations of
robotic agencies and human-artificial interactions towards Industry 5.0 have been fully
determined with their collective complexities of the new paradigmatic resolutions by

the concept of ‘intelligence’.

The rising impacts of smart spaces and urban computing on the built environment also
have paramount importance, with substantial grounds referring to this reproduction in
architecture. It is crucial here to introduce the emerging paradigmatic bifurcations,
even concerning the role of robotics, human-computer interaction, automation in
construction, and the rising impact in smart house systems. The architect Gilles
Retsin’s seminal article, ‘ The Discrete Architecture in the Age of Automation’ (Retsin,
2019), questioned the creative role of specialized artificial agencies, not only in
informational processing but also with regard to the modalities of things that exist and

emerge as entities of the larger constructed assemblies. Apparently, this modality even
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exists in the case of the lavish robotic construction of brick masonry (Yuan, 2016). On
the other hand, string-like construction agencies, like 4D printing, as open and closed
strings, continuous mortar of additive manufacturing for the togetherness of
assemblies, aside from other performative aspects and application of forces, indicate
the continuous modalities in their complexity (Leach, 2019). The designed
spatiotemporalities inside and outside under the seminal ideas of non-discrete
architectures and performativity, so to speak, reveal another type of continuous

modality, while it does not hinder the design of discrete architectures (Hensel, 2013).

By reading those arguments with ‘creative evolution’, including the agencies of
subject, object, and environment, this research claims to reveal the capacities of
subjectivity and its thresholds for creative organizations with technology and the
environment. It is a transformation that also implies the novel evolutionary dynamics
towards the interpolation of agencies by the unified understanding for critical
consciousness of different subjects busy with technological apparatuses and

environments.

In short, ‘Creative Evolution’ is used as the governing idea between human-computer
interactions regarding the role of creativity, and in describing the evolutionary
relations between architects, artificial agents, nature, and the built environment
towards intelligent spaces. The theme also helps to understand the impacts and
processes of earlier industrial revolutions. Since similar research in the architectural
literature do not analogously refer to this concept, it is seen as significant to include
theories from ‘creative evolution’ (Bergson, 1998), which also helps to emphasize the

modern theoretical bases and conceptualizations for the evolutionary perspectives.

In this regard, how architecture, its practice, and theory with its collective groups of
architects evolve with these evolutionary multiplicities is evaluated by grasping the
changes in technology, industry, and the built environment. This conception ascribes
to the social and spatial role of intelligence through human-technology-environment
relations, and can be analyzed through intelligent environments and university spaces
that are not significantly surveyed in the associated literature. In this regard, it is
possible to grasp how the internal changes in these modern built environments can be

read as spatiotemporal reflections of creative subjects’ collective intelligence in
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campus environments to describe an evolutionary progress defined by industrial
dynamics under the theme of creative evolution. Evaluating the new Subjectile-
Objectile relations with regard to the selected cases and research for the evolutionary
transformation of the built environment towards intelligent spaces, in learning
environments of scientific and academic institutions and smart campuses, is also a
particular attempt in the architectural literature to give examples of creative evolution

in architecture.

1.6. Methodology of the Thesis

The research attempts to define the creative evolution in architecture, investigating
new Subjectile-Objectile and environment relations, in particular by looking at the
evolutionary transformation of the built environment, architecture, and technology
towards intelligent spaces and learning environments of smart campuses. The form of
intelligence described in the book by Bergson (1998, pp. 186-272) enables one to
understand the (re)conciliation between different agents, nature, and the environment,
both materially and cognitively. Thus, the methodology of the thesis applies (1) the
content analyses of the related works and research, selected and surveyed through key
concepts within the theoretical framework; and (2) the spatiotemporal analyses of the
related cases from the built environment in each chapter to understand new human-
technology-environment relations with their spatiotemporal, cognitive, and substantial

material aspects.

Thus, the thesis focuses on new Subjectile-Objectile relations under the recent
influences of technology, intelligent spaces, learning environments, and smart
campuses within the evolving built environment. The methodology investigates the
missing role of university environments in understanding the new relations between
Subjectile-Objectile in the evolutionary built environment; and aims to come up with
a research effort having particular outcomes relating to smart campuses in the

development of intelligent environments.

In brief, the methodology of the thesis applies both spatiotemporal analyses and the

content analyses of the related research that are surveyed according to the theoretical
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framework, developed by research questions and the background research on the
evolutionary change of the built environment and technology in architecture. The study
starts to define the primary research question on the evolving human-technology
relationships in architecture via new peer-to-peer Subjectile-Objectile relations.
Within the defined theoretical framework for a search on the common mindset between
human and technology relations, the research applies content analyses of significant
research on the selected key themes of performance, affect, and intelligence (Bergson,
1998; 2002; Marcuse, 1998; Picard, 2000; Ballard, 2015). The study also looks for
particular examples of spatiotemporal analyses regarding the role of intelligent spaces
for each concept. Thus, the thesis applies spatiotemporal analyses and content analyses

to describe new Subjectile-Objectile and environment relations.

The thesis also asserts that new human-computer interactions cannot be understood
without looking at significant works describing the evolutionary transformation of the
built environment and the emergence of the technological paradigm under the strong
influences of Industrial Revolutions. The thesis thus includes a survey on the historical
evolution of the built environment and technology relations, discussing the modernist
turn and digital paradigm in architecture in terms of discrete and evolutionary
trajectories. The research applies the content analyses on the seminal discussions of
work such as that by Giedion (2008), Frampton (2007), Jencks (2000), and Koolhaas
(1994). By doing so, the research aims to understand the evolutionary transformation
of the modern culture and the built environment together with related spatiotemporal
examples, particularly looking at the influences from the Dutch culture and CIAM
gatherings. Similarly, the digital paradigm in architecture is tried to be understood by
regarding the scientific grounds with industrial influences, and seminal theories of
Lynn (1993; 1999), Cache (1995), and Frazer (1995), and other significant works and
articles that have been identified for the initiation of the digital paradigm (Picon,
2012). This generates a systematic analysis of the evolving technology and the built
environment in architecture. With a critical inquiry into the role of intelligent spaces
and university environments, the thesis maps the evolutionary transformation of the
built environment and the technological paradigm together by applying both
spatiotemporal and content analyses. The research finds a gap in that the university

environments are not significantly discussed in the digital paradigm of this evolution.
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This gap is found to be significant in terms of evaluating the collective role of
university environments towards the transformation of intelligent spaces further in
understanding the human-technology-environment relations as topological

complexities.

Then, the fourth chapter applies the content and spatiotemporal analyses on examples
and cases that are influenced in the period of Industry 4.0 towards 5.0 to understand
new human-technology-environment relations. The chapter aims to found theoretical
constellations among these pragmatic examples as a method of intelligence that Hoorn
describes (Hoorn, 2014), as well as research methods and abstract models to be
applied/read, once again as a method for creativity (Hoorn, 2014), through intelligent
spaces of smart campuses in the fifth chapter. Thus, the fifth chapter investigates the
selected cases of intelligent spaces and learning environments of smart campuses by
content and spatiotemporal analyses of the corresponding research in understanding
the new Subjectile-Objectile relations in close relation to the environment and

intelligent spaces.

Briefly, by applying both the content and spatiotemporal analyses to the selected
works, research, and cases in the defined theoretical framework through selected key
concepts such as intelligence, this thesis first introduces empirically intense studies on
the research question about the rising complexities of human-computer correlations.
The inquiry into human, technology, and environment relations is further augmented
with historical background research, focusing on the non-linear evolutionary dynamics
of architecture from modern times towards the digital paradigm of architecture in
relation to production and technology, including the transformation of the built
environment. For the conceptual analyses and creative syntheses, the study aims to
find a theoretical approach to reading the emerging themes and arguments through
linear modalities and modulations (classifications). This approach complies with the
aim to have theoretical argumentations and conceptualizations based on the topics
included in the discussion by critical reading on human-computer interactions and
collective organizations in the built environment. The research finally gives examples
of analyzing new human-technology-environment relations that are grasped through

the rising impact of intelligent spaces and smart campuses.
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In each chapter, the thesis aims to understand how intelligent spaces and evolving
smart built environments can be beneficial in understanding the new Subjectile-
Objectile relations, where the thesis particularly investigates the role of universities
and smart campuses in describing the creative evolution in architecture. In this regard,
with the aim of the methodology, it is believed that the research can be beneficial to
decision-makers and authorities in the research and development of university
environments, intelligent spaces, and smart campuses. The research could also be
beneficial to the designers and researchers who research evolutionary paradigms and
theories of architecture, as well as architects, planners, engineers, and scientists who
study intelligent spaces, learning environments, smart campuses, and new human-
computer interaction relations. With its particular content, the research could also gain
the attention of audience and researchers from administrative, cognitive, and
behavioral sciences regarding the effects of new generation technologies in

architectural research and practice.

1.7. Structure and the Content of the Thesis

The structure of the thesis can be briefly summarized as follows: The second chapter
puts forth the primary research questions and the theoretical framework in the
evaluation of new human-technology relations in architecture by claiming necessary
research further on the evolving built environment, industry, and technology relations.
The third chapter presents background research on the evolutionary history of their
transformations, and finds the gap in the corresponding literature to read new human-
technology relations with the evolving built environment. The aim of the fourth
chapter is to derive theoretical conceptions and abstract models by clustering the
significant selected examples and cases under the impact of Industry 4.0. The fourth
chapter thus studies key concepts, spatiotemporal cases, and methods of how human-
technology-environment relations can be read and classified under the containing
concept of creative evolution in architecture. In the evolutionary transformation of the
built environment, the fifth chapter focuses on the particular cases of intelligent spaces
in smart campuses to understand new Subjectile-Objectile relations in the built

environment. The chapter thus gives examples of creative evolution in architecture
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based on new subject-technology-environment relations, indicating the outcomes and

potentials of the research accordingly.

The second chapter builds up the discussion on the correlations and distinctions
between human and artificial agencies in design and manufacturing. It also looks for
the internal dynamics of the evolutionary profession of architecture with its agencies
that coexist with technological and industrial/scientific evolution in practice and
thought. This investigation attempts to argue that there is a necessary transformation
in the mindsets of design and thinking. Respectively, the intention is to discover the
common ground between humanity’s nature and the informational evolution of
technology based on some critical concepts such as performance and intelligence, and
to discover the genuine potentials of the creative subject by other domains such as
affect and consciousness. Therefore, the second chapter introduces the key elements
of theoretical arguments to conceptualize a mindset, understanding the architectural
agency’s predicaments’ in the information age under the theme of evolution. By
reading Bergson’s ‘Creative Evolution’ and his key writings (1998; 2002), the theme
of intelligence stands to understand the tangible and cognitive form of ‘intelligence’
through the relations of subject-architect and technology in the natural and built

environment.

In this regard, the emerging common ground between the human and artificial agents
is to be read through performance, affect, and intelligence for, and with, the theme of
creativity. The technological revolution of digital twins and new technologies, even
such as neuromorphic computing, imply the evolutionary transformation of subject,
technology, and environment relations. Accordingly, this implies the transformation
of the mindset of the creative subject of architecture when defining the complex
topology between the subject, natural, and artificial environments, and the agency of
technology. This proposition corresponds to the potential of possible interactive
practices between Subjectile and Objectile of Industry 5.0 and their spatiotemporal

reflections on the built environment via intelligent spaces.

9 Architectural agency, here, ought not to be seen as a mere subject of labor, but as the creative force and an
evolutionary being in the emergence of knowledge from the experience and organization of space-time
constructions yet to be subjected to the dynamics of its own age; and once again affecting those dynamics.
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The third chapter can be seen as an overarching and comprehensive survey of the
historical background of evolutionary trajectories of architectural movements, as
reflected in the transformation of the built environment parallel to the evolution of the
industry and technology. The chapter refers to significant figures in architecture’s
narratives such as Giedion, Frampton, Jencks, Lynn, Carpo, Picon, and the new avant-
garde practice(r)s and writers. In this regard, the third chapter explores the
evolutionary transformation of architecture with its existing modern built
environment, heavily affected by the industrial revolutions, CIAM gatherings, and
significant paradigm shifts by political, scientific, and social incidences. Accordingly,
the premise of the third chapter is to understand how the early modern periods of
industrial revolutions evolved into the current formal mode of architectural practice
and theory. The chapter further questions how the digital paradigm has emerged from
a completely discrete evolutionary trajectory of science and technology corresponding
to the non-linear references of the built environment we live in and the technological
environments we utilize'?. The chapter also considers the evolution from modern
avant-garde movements with the changing paradigms by industrial revolutions at the
outset of the interpretation of creativity for new subject-technology-environment

relations.

This part of the study starts with simpler oppositions in the modern culture of
architecture and the built environment, as closely related to the first industrial
revolution. The changes in the different modern environments by a series of
(re)constructions have created our main milieu of everyday life. As in Haussmann’s
destruction and reconstruction of Paris, or in the rise of urbanization of New York City
or Chicago by industrialization, as based on a grid scheme, the way we live in cities is
still devised by the spatial production of the precedent industrial revolutions.
Accordingly, the changes from modern and post-modern culture towards

Deconstructivism are first scrutinized via the accompanying references, such as

10 Architecture as a profession from the early modern periods has evolved into a complex formation of theories and
practices. The built environment that we live in, relatively, corresponds to the influences of different periods of
industrial & informational revolutions. Accordingly, the knowledge field in which we searched for the practice and
theory of architecture constitutes the influence of those multiplicities and the recent technological advancements.
Those advancements increase the possible fluxes of different scientific, social, cultural referential bases -merged
into each other. By describing the chaotic form of confluences, the third chapter first has a critical gaze to the
corresponding condition of architecture and its built environment in the information age.
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Giedion (2008), Frampton (2007), Jencks (2000), Tschumi (1994a; 1994b; 1994c), and
Koolhaas (1994a; 1994b). The evolutionary trajectory in the modern built environment
is evaluated with the faint traces of the influences of Dutch culture, consistent in itself,
that will appear once again in discussing TU Delft campuses’ spatiotemporal cases.
The research then shifts towards the new technological languages of design and theory
pioneered by Lynn (1993; 1999), Cache (1995), Frazer (1995), Schumacher (2011),
and Menges (2011). The consideration of the togetherness of these two distinct
domains of research, even in the academia of architecture, describes the multiplicity

of different reference systems (and actors) in the profession of architecture.

Therefore, the chapter follows the emergence of those multiplicities as different
reference systems of practice and theory evolving from their originating roots with
simpler oppositions to be defined within the creative evolution in architecture. The
chapter regards two distinct turns that have evolved with industrial and technological
transformation: the first is the modernist turn; the second is the digital paradigm in
architecture (Picon, 2010; Carpo, 2013b). The deliberate analyses of the existing
literature show that the transformation of the modern university environments in the
digital turn has been missed out. In this regard, the study of university campuses is
seen as crucial, with further attention to evaluate the evolutionary environments and
even organization of the academic and creative subjects. This finding also offers
creative studies and conceptual models for new research outcomes to be testified

through the spatiotemporal and organizational potentials of universities.

The fourth chapter, then, contains analytical research on how theoretical modulations
and abstract models can be derived from the existing examples, research, and cases
under the strong influence of Industry 4.0 in order to better understand the evolving
human-technology-environment relations. The outcomes of the fourth chapter imply
certain methods and cases to be studied in the following (fifth) chapter with the
precedent concerns of the third. In this regard, notable examples, mostly related to the
epoch of Industry 4.0, are researched to determine the relation of the subject to the
problemata of new transformations of external references of technology, production,
and the built environment in a more abstract manner. By offering abstract concepts as

an analytical method to (re)classify the complex modalities of the creative evolution,
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this chapter aims to develop conceptual bases to determine further case studies on the
future of university environments with intelligent spaces and new Subjectile-Objectile
relations. The fourth chapter, indeed, attempts to develop theoretical models for the
creative subject-technology-environment togetherness that is not yet well reflected in

the existing circumstances of architecture.

The fourth chapter sheds light on the empirical aspects discussed in the preceding
chapters by resurveying the implied relations through conceptual argumentations of
space-time to classify the complexity of paradigms in architecture!!. Accordingly, the
analyses include the key terms of duration, motion (Bergson, 1998, pp. 1-11; 298-314),
and bioinformatics and swarm intelligence, Objectile and Subjectile (Cache, 1995),
and territorialization and deterritorialization with their common corresponding
philosophical backgrounds (Deleuze & Guattari, 1983; 1987; 2000; 2005; Guattari,
2013). Relative to the search on the evolution and information through theoretical
conceptions'?, the empirical aspects can be highly engaged with the co-planar growth
of the technological means of our everyday lives. By shifting the dimensional
experience of identities and societies, informatics enables us to think about the
abstraction of possible experiences. However, it still forces us to remain within the
bounds of materialistic dimensions of actual sensual space. Accordingly, further
analysis is conducted with regard to the interactions between the nature of things and
the psychological and cognitive aspects of the ‘organizational agency’ of architecture
by the critical concepts of ‘Objectile’ and ‘Subjectile’ in the rise of information

technologies!?.

With these theoretical concerns, the fourth chapter aims to classify significant

1 From the sensual space-time to social construction of spatiotemporal experiences (Harvey, 1996), the classical
arguments on space-time (Akhundov, 1986) deal with the empirical issues observed in the measurable (divisibility
of) time in space. The rationality of that experience has certain borders that are limited by the empirical experiments
and sensuality of subjectivity as a language construct in creative evolution.

12 The theoretical background of the scientific research, in this study, prospects the theme of evolution and coeval
growth of the information theory and technologies that are coherent with the science of statistics of entropy and
statistical mechanics. The theoretical axioms and rules that would be introduced can be seen as the epitome of
empirical evidence of sensual experience in space-time as in the rules of thermodynamics, the laws of motion, or
in the biological and ecological behavior of creatures and agents and their geometrical intuitions.

13 The chapter, hence, starts with discussing the scientific endeavors concomitant with the technological
possibilities, which result in the emergence of the multiplicity of logical systems offering various potentials of
artificial intelligence. That starts a discussion of ‘information’ as an interface between the object
(phenomenological) and the subject (intellectual), between the actual and virtual. The aim of this work, accordingly,
undertakes an overview of the trajectories of subject-object togetherness and their distinctions by the closer
inspection on information.
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examples through selected key themes under the containing concept of creative
evolution in architecture. Thus, the fourth chapter is divided into three sub-chapters
with regard to the selected key themes of duration, motion, and bioinformatics and
swarm intelligence in order to understand different conceptual aspects in human-
technology-environment relations in creative evolution. According to the first sub-
chapter, the production-based development of informational technology of Industry
4.0 first reminds us of the significance of the analyses to the properties and feature-
based identities of things!'#, representing their emergence in time. The duration of
things that appear with their feature-based properties also reveal the scientific agenda
behind the precedent industrial revolutions, as in the case of the inquiry into
thermodynamics at the outset of steam technology. With the rise of the knowledge
domain in the scientific inquiries of motion, as studied in the second sub-chapter,
further growth of new technologies and advancements from steam technology to the
mechanical, electrical, and informational revolutions' became possible. Accordingly,
the rise of the flow of things in time, as it becomes a part of production and
communication, gives way to the current potential of technological advancements in
Industry 4.0 and, indeed, even for Industry 5.0. The aim is to narrate them together in
this study in relation to the informational flow in the production-based properties of
things that are caught with their motion in space-time. Moreover, measuring things
with their actual states and actions is questioned through the novel fields of
informational studies such as swarm intelligence or bioinformatics as a distinct sub-
chapter. The third sub-chapter on bioinformatics and swarm intelligence in
architecture, relatively, has novel excursions on the information-related measurements
and creative models of sensual experience in space-time, and their spatiotemporal
reflections in design, construction, decision making, and crowdsourcing in the new

human-technology-environment relations.

The fifth chapter then analyzes particular cases of the intelligent spaces and learning
environments of scientific and academic institutions and the smart campuses of

research universities regarding the previous concerns of the thesis on the collective

14 This can be exemplified in the growth of search in nano-sciences as well. See also to Zak's (2011) studies on
quantum computation and intelligence in the exploration of the features of natural beings.

15 Scientific progress can give clues about the theoretical models such as Boltzmann mechanics, Brownian motion,
the equations of entropy, and then the electromagnetic interactions of particles.
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role of universities in the spatiotemporality of the evolving human-technology-
environment relations. The chapter enables us to follow how previously studied key
concepts, research, examples, and methods are applied through the particular cases of
intelligent spaces and smart campuses. The research also enables to determine how
new Subjectile-Objectile relations can be read through intelligent spaces, learning
environments, and smart campuses in the creative evolution in architecture. The rising
technological and scientific investigation in research universities with existing and
robust studies for smart campuses are regarded together with the spatiotemporal cases

of intelligent spaces and practices therein.

Examples from TU Delft campuses with corresponding researchers and literature, as
well as selected examples from MIT and Harvard University, are presented to be
evaluated with regard to the expectations of the thesis on the studied crowdsourcing
and decision-making models. As studied previously, new generation technologies,
data collection and processing methods, advancements in design and construction
techniques, remote sensorial networks, and new interfaces on new human-technology-
environment relations are analyzed through these particular cases. Thus, the role and
impact of IoT applications, simulations via artificial intelligence models, as well as the
new generation computers, new manufacturing and design technologies applied in
these cases are inspected through spatiotemporal reflections, and further through the

content analyses of the corresponding research, reports, and information.

Respectively, the study also has relevant research inquiries on the local conditions of
research universities and technoparks in Turkey, such as ODTU Teknokent and
Bilkent CYBERPARK. These selected cases are to be inspected through similar
expectations of intelligent spaces, learning environments, and smart campuses to
develop new Objectile-Subjectile relations. The chapter also indicates the research
outcomes and particular benefiters of the research to those who may be interested in
the cases studied. In conclusion, the research gives examples of new human-
technology-environment relations in describing creative evolution in architecture as a

containing concept of the thesis.
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CHAPTER 2

FORM OF RELATIONS BETWEEN THE ARCHITECTURAL SUBJECT
AND TECHNOLOGY

2.1. Introduction

The evolution from the non-linear planar production of Subjectile towards the
computer-based non-standard production of Objectile (Cache, 1995) implies the new
role of the architect. New generation technologies implying the initiation of Industry
5.0 (Rada, 2019; Ozkezer, 2018) like neuromorphic chips'® or 4D printing, and digital
twins, in that regard necessitate the redefinition of the term ‘Subjectile’ as creatively
produced interfaces with technological objects by subjective contributions. Thus,
Bernard Cache’s seminal argumentation on Subjectile and Objectile (1995) in the
dynamics of advanced human-computer interaction needs to be decoded to put the role
of the architect and his/her creative act into new practice with regard to the evolution

of architectural technologies.

The thesis investigates other possibilities of Subjectile in the creative act of subject by
conscious decision making, design, and production beyond the existing discourses on
artisanship in production, as Cache (1995), Frampton (2010), or Carpo (2017) have
already argued. Respectively, creativity is put into question in cognitive aspects of
conscious decision making in close correlation with technology by the performative,

affective, and intelligent act of the creative subject.

The informational capacities have changed the modes of design thinking by merging
the three different concepts of form, function, and even beauty into singular but distinct
forms of performative actions. It can be claimed that under this transformation,

production and manufacturing techniques have evolved significantly. The emergence

16 Intel has recently distributed Pohoiki Beach neuromorphic computing chips, which represent the 5th generation
neuro-computation after LOIHI, including 130.000 neurons that first appeared in November 2017 (Lin et al., 2018;
Intel, 2019).
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of artificial agents as possible future actors or novel concepts of ‘actor-network theory’
(Latour, 2005), together with the socio-cultural influences, reveal the striking progress
towards Industry 5.0. By analyzing the critical position of the individual and the
collective labor in the new dynamics, the study investigates the significance of the
architect with regard to the collective merits of performance, what Herbert Marcuse
theorizes by performance principle (Marcuse, 1998). This discussion is followed by
pondering the intelligent togetherness of human-computer interaction and considering
the role of artificial systems in production as well as their creative role in the

evolutionary transformation of craft and performativity.

Outcomes, potentials, and limits with respect to the creative interactions and interfaces
between novel subjective actions and productions can be described as means to be
discovered in the redefinition of Subjectile. The networked architectural agencies and
technologies further propose common conceptual mindsets for subject-artificial
interactions. This investigation can be reinforced with multidisciplinary approaches
focusing on the relation between the brain and Al (Appendix A). Some cognitive and
behavioral concepts, in that regard, can be wrapped up in a logical looping structure
through parameters of performance, imagination, affect, intelligence, decision making,
creativity, adaptation, intuition, conscience, consciousness, and even judgment!”.
Thus, the evaluation of such key concepts in a critical manner further boosts the
possible logical correlation in human-computer interaction'® viewing the transforming
relation between Subjectile and Objectile. The study concerns interpellation of the
architect-subject with the rise of the artificial agents considering the common grounds
of human-computer interaction. This related research focuses on mind/skillsets, which
distinguish the thesis by considering the external dynamics of the built environment

and the evolution from modernity towards intelligent spaces.

Together with the concepts mentioned above, as well as regarding the role of the
action, intellect and instincts, performance and affect can be described as the primary
constituents of an intelligent act of living behavior, as this is deeply questioned by

Bergson in his key writings (Bergson, 1998; 2002; Marcuse, 1998; Picard, 2000;

17 See also (Ballard, 2015).
18 See also (Mitchell, 2003a; Bechthold, 2014; Sheridan, 2017) & Keith Evan Green, Architectural Robotics:
Ecosystems of Bits, Bytes, and Biology, Cambridge, Mass.: The MIT Press, 2016.
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Ballard, 2015). Accordingly, the attempt has been made to organize most of these
concepts around the preeminent ones in this study, namely performance, affect, and
intelligence. Aside from the distinct inquiry of creativity, these concepts are
introduced to construct the coexisting modalities with the artificial agencies of
Industry 4.0 for the potentials of Industry 5.0. The influences of performance are to be
viewed in the transforming paradigm of Industry 4.0 in the design domain, with the
rising expectations on non-standard production (Sorgug, Ozgenel, Krusa Yemiscioglu,
2018) and with further possibilities of human-computer interaction environments. The
rise of the ‘digital twins’ (Batty, 2018) (or electronic twins'®) through a new
understanding of neural networks and artificial intelligence, for instance, regards the
recent potentials and even correlations among the creative and performative agents.
Considerations of material and environmental experiences also imply the development
of performativity, which apparently signifies the topology of the togetherness of
humans, nature, technology, and the built environment. Hence, the research =regards
the place of such correlations through the new paradigms of intelligent spaces and
novel methods to make use of state-of-the-art technologies in architecture. As the new
science in design, production, and experimentation of urban places through conceptual
models of perception and growth, the performative correlations are considered with

the condition of the individual and his/her collaborative networks.

In the section on ‘affect’, similar logical construction of the performance is followed
through Picard’s arduous studies on ‘Affective Computing’ (Picard, 1997, ¢.2000;
Jeon, 2017) to understand the significant role of affect in design and architecture by
possible ‘interactions’. Further intricacies between the nature of things, and the social,
and virtual condition of the self in a networked social domain put forth the advanced
considerations of how such technical grounds of science and technology in artificial
agents’ rising existence can be followed. This inquiry is exemplified with peculiar and
initial examples from art, architecture, and urban scale projects such as having
wearable devices, simulative learning environments, and even the grounds for artificial

neural networks for crowdsourcing/crowdsensing. The vision of those studies leads

19 Mitchell (2003b) also describes the rise of the networked infrastructure of artificial agents in cities, revealing the
possibility of the ‘digital/electronic’ informational data for each tangible quality of the tectonic and spatial aspect
of the digitalized city.
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the experimentations with the dynamics and capacities of technology through the
necessary understanding of affect and even consciousness?’ in architecture and

technology when regarding even the tectonics of ornament with evolving Subjectile.

Hence, performance and affect construct the necessary logical bases to conceptualize
a solid understanding of intelligence in its different aspects, especially regarding
human-artificial interaction in the learning environments. Intelligence thus aims to
program the progress of human-computer and nature (environment) interactions. The
section on intelligence, akin to this, discusses the cognitive models by understanding
the initial intellectual and practical attempts in architecture and the collective forms of
creative agents that coexist with architectural technology as the organizational inquiry.
Thus, the concept of intelligence extensively rehandles the problem of agency within
the network of coexistent technologies and the probabilistic modes of decision making
and creative action processes through performative capacities and emotional aspects
in architecture. The challenges of intelligence, such as non-linearities in decision-

making, will also be discussed in the following chapter(s).

2.2, ‘Creative Performance’ for the Intelligence towards Industry 5.0

Intensified integration of information technologies with evolutionary architecture
(Sprecher, 2013) has exponentially augmented the symbiotic relationship between the
form and its function to ‘absorb’ informational assets while relentlessly ‘combining
them’ to guarantee their functional performance. The rising manufacturing like CNC
fabrication has accompanied architecture’s evolutionary transformation with the rise
of informational technologies like Designing Robotic Assemblies besides the logical
transformation and the rise of networked workflows/pipelines in Industry 4.0 (Ahrens,
2013; Bonwetsch, 2013; Legendre, 2013; Linder, 2013; Meier, 2013; Picon, 2014a;
Brugnaro, 2016; Felbrich, 2017).

K. Eric Drexler?!' explains the dynamics of non-standard production in the fourth

20 Roy Ascott's book has also ample examples searching for the relationship between art, consciousness, and the
robotics (Ascott, 2000; 2003; 2006).

21 K. Eric Drexler is the pioneer discoverer of nanosystems and their applications in nanotechnology. See also
(Drexler, 1986; 1990;1992).
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industrial revolution of the networked computational technologies’ cooperation with
“atomically precise manufacturing” (Drexler, 2013). In his analytical studies in
Radical Abundance (2013), Drexler puts forth the progress among the knowledge
fields of science and engineering that depends on theoretical growth and its application
as a development pattern commuting between the matter and mind (Drexler, 2013)%.
Closer inspections of design can be located at the intersection of the virtual potentials®
and actual capacities of these circular as well as discrete and creative processes (Figure
2.1). The technological capacities and knowledge domain still stay within the borders
of abstract space-time concepts to be expanded through scientific inquiries (Figure
2.1). Thus, the search for Industry 5.0 and beyond can only be achieved by exploring
advanced space-time concepts and relative scientific inquiries that can be reflected in
new technological possibilities (Figure 2.1). Non-standard production of Objectile, in
that regard, not only implies the rising connection with scientific investigations but
also gives clues about the future of Industry 5.0. Thus, further progress can solely be
achieved by the rise of advanced inquiries on science and technology as in the recent
itinerary between the imagination of design, virtual interfaces, and the (nano)science

of 4D printing®* (Figure 2.2).
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Figure 2.1. “The Antiparallel Structures of Scientific Inquiry and Engineering Design” (Left);
“Pathways to APM-level Production and Products” (Middle); “Exploring the Technological
Implications of Physical Law” (Right) (Drexler, 2013)

22 The aspects of scientific inquiries, as well as the technological inventions, bear out the flow of information from
actual to virtual and back again. The scientific progress from the analysis of facts of physical systems to the
abstraction of theoretical models maintain continuous, as well as circular, hence, (creative) evolutionary processes.
The industrial and informational revolutions, accordingly, propagate back to the reality of scientific inquiries by
pushing the limits of everyday life physical principles (Figure 2.1).

23 See also (Sorgug, Ozgenel, Krusa Yemiscioglu, 2018).

24 Skylar Tibbits introduced the technological advancement of 4D printing as a result of the teamwork at MIT
Medialab that materials take shape instantly with respect to the change of external/physical forces or through
environmental interactions. Those interactions with their inherited coding like ‘the DNA structure’ are simulated
by the special software development by Autodesk, Project Cyborg (Tibbits, 2014).
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At this point, the question insists on how the architect can think/decide the perceptual
stimuli of the environment, the material resources, manufacturing technologies,
laboring bodies, the fetish of the commodity, and the production of real, habitable
space as a decision-making problem all at once. Can the architect give creative and
imaginative expressions to ideas about the way that people might live in the future
while also manifesting on the collaborative, social nature of all architectural work?
These arguments then ought to be seen as such: each design and production process
should be integrated with creativity besides performativity (Deamer, 2015b) with
‘integrated manufacturing’, and each organization should envision the correlation
between Objectile and Subjectile, as a part of problem solving®® regarding the power
of