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ABSTRACT

Parametric Architecture
From Context and Livability Challenges to Optimization Complexity

MortezaHazbej PhD
Concordia University, 202

In architecture and urban design, computer instruments have revolutionized how architectural
drawings are produced and how buildings are visualized, optimized, assessed, and constructed.
These tools have gained popularity because they allow architeatsigm dorms that were not
conceivablebeforeand lead to an approach nanfatametricism. However, this paradigm shift
comes with two major consequences: First, there is an epistemological dilemma on how parametric
architecture addresses qualitative pan@nsesince it is highly dependent on quantitative and
contextfree standards. Secorttie seductive forms designed with parametric tools often exhibit
excessive complexity. This complexity exceeds the capabilities of regular simulation and
optimization tools, leading to high computational co$tserefore this interdisciplinary research

aims to produce a framework to incorporate contextual and livability factors in parametric
architecture, propose a methoddecrease computationaptimization cost of pamametrically
designed formsand reflect on how tlse forms can address contextual and livability concerns.
Based on these three overarching objectives, this manuscript will be distributed thoeess
sectionsFirst, the consequences of oymrametricisnwill beexplored and discussd Despite its
automations and spectacular outcomes, it still fails to sensitively address aspects of locality,
culture, and sustainabilitySsecond,the shortcomings of parametric architecture in addressing
gualitative factorswill be discussedPure quantitative metricand indexeslo not adequately
reflect aspects such as culture, history, and aesthetics. To overcome this lintitatentionwill

propose an innovative approach that incorporates qualitative factors into the parametric design
process Third, the researchproposes a method to optimize parametrically designed complex
facadesuch as louver anghtterngegarding energy and visual comfbyt integratingparametric

tools and\Non-DominatedSorting GeneticAlgorithm (NSGA-Il) . Furthermore, this researafill

bridge the gap between qualitative concerns and quantiadireemeterdy investigating how
smallscale fagcade optimization can improve broader contextual considerations, urban livability,
and overall sustainable architectu@:erall, the research contributes to the field of architecture
and urban design by paving the way to implement quality in parametric design and ensure
sustainability in the built environment. It also contributes to the building engineering domain by
providing a workflow for optimizing complex fagcade forms.
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INTRODUCTI ON



CHAPTER 1. Introduction

1.1.Overview

During the past fifteen years, digital media in architecture was adopted and used in many different
ways. This influenced the whole field of architectural design. Early on, digital media was applied
only as a representational tool. With emerging digitehm®logy, architecture has found a new

tool for conceptual design in digital medtchnabel, 2007)This process leads to a new approach

to design called parametricism. It is approach rooted in digital animation techniques, its latest
refinements based on advanced parametric design systems and scripting (fFetSodamacher,
2009b) These scripting and parameters make it possible to tackle the challenge of modifying
models built by designers to visualize their ideas interactively and also(iiaBD 2013)

These variable data not only are the input dagd establish mathematical relations, but also
include geometric informatio(Steing & Veirum, 2010)With advances icomputing poweand

the growing availability of data, parametric systems can now be employed to deal with complex
architecture and urban phenomena on a rsghiar and mukdimensional level. Itomparison

to conventional design methods, rule sets are the basic and major parts of the parametric design,
generatingarchitectural and urban mod€kbdelsalam, 2009) The advantage of this is that it
enables the exploration of a wide range of alternative solutions by changing the parameters of the
logical relationshipKarle & Kelly, 2011a) whereas for traditional methods, designers usually
only consider a relatively limited number of alternative solut{ambert F. Woodbury & Burrow,

2006) Another advantage is that designers can change and modify their ovsasattmodels at

any stage of the design process so that the design process can be kept open and flexible because
all procedures, activities, and relations in parametric designleadycdefined(Oxman & Gu,

2015)

Parametric design implies the use of parameters to define a form; however, what is actually in play
is the use of relation@onedero, 2000)Woodbury (2010) explains thparametric design has

been defined as an exploration process of associative relationships of geometric comeepts.
parametric design environment, designers need a different kind of knowledge that can "predict
persistent effects to understand the diversity and structure of the mathematical toolbox, and to
shuttle between the intended effect and mathematical innemt t hat (Ormad & G it O
2015)

Mathematical knowledge of architects and computer parametric tools leads to complex
architectural forms. This complexity in architecture is not only due to external stimuli such as
increasing building performance requirements, new building functionsreggrements, urban
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settings, spatial configurations, integrated design processes, etc. but also to the new formal interest
in freeform geometry and its underlying mathematical and geometric con(®ipis, 2012)

Design computation has the claim to be able to help the designer take complex and complicated
decisions with greater confidence compared to the conventionalBaisFmann, 2009) The

advent of computeaided design tools in architecture has led the way to a new aesthetic
understanding freed from Euclidean geometry, and enthusiasm for unconstrained experimentation
on a fluid rdimensional design spackhe ability of parametric architecture to generate faey

form has resulted in the creation of seductive and sculptural forms in built environments. However,
this raises concerns regarding three crucial aspeeatslotecture and urban desigpirst, to what

extent does this approach respect the existing forms and immediate context of a city? Second, how
do these computagenerated forms impact the sustainability and livability of cities? And third,
how can these complex forms be optimized foergy efficiency and visual comfort using
availablelimited and simpldools?To address these questiohsyill briefly discuss these three

areas and their connections to parametric architecture.

1.1.1." Context' and ParametricArchitecture

What is "context"Tontext can be defined as the interconnectedness between various phenomena,
conditions,circumstances, facts, or eventddom a unifiedand coherenvhole. It encompasses

the past, present, and future, anfluences the unfolding scenarioBhe term "context" is also
applicable to the backgrounds, environments, frameworks, settings, or situations surrounding an
act or circumstancg;izgen, 2012)In architectural discourse and realtogntext”represent the
components of a building and the circumstances (e.g., physical, social, political, cultural,
economic, and environmental) surroundingAitchitects Design Partnership, 200Aeidegger

states in his essay fABuil ding, Dwel |l i ng, Thi
existenti al sense, cannot take place in a dol
writes, Ai's not that atebeuhdargibthas foomwahich somaghingt op s

begi ns it qHeideggers B81¢ plBfrehitecture is inextricably bound to plage

which it is locatedA building constructed in a specific place, and the environment significantly
influences how it is designéthomas & Garnham, 200.7Architects can better comprehend the
distinctive qualities of a site and develop designs that adapt to its particular physical, cultural, and
environmental conditions by taking the building's context into account.

"Context” in architecture is an evolving concept, not yet defined in constant terms, and evolves

with people, technology, and citi@ldasr, 2015) Context evokes architecture's essentials, such as

the mix of elements, surface tactility, material properties, perceptibility, the cue to scale, evidence

of skill and handwork, etc. In modern architecture, the word context may refer to various meanings.

For example, it may signify the physical built fabric in which a project is situated, the site and its
3



geographical characteristics, the climate, the local culture, history, and other #&3plkecton,

1994a) More precisely, contextual design in architecture can be defined as any doctrine
emphasizing the importance of the context in establishing the meaning of terms, such as the setting
in which a building is placed, its site, its natural environment, oeitghborhoodBurden, 2012)
According to Burden (2012), location has been a driver for architectural design, particularly from
19601970, in which cities were seen in their totality, emanating from the belief that a city's
experience is greater than the sum of its parts. All &ciuite must fit into, respond to, and mediate

its surrounding¢Burden, 2012)

Having these context definitions, how does parametric architecture respond to and address the
contextual significance of place? As mentioned, most contextual factors are qualitative in nature,
such as cultural, historical, social and polifieonomic aspcts. However, parametric
architecture is largely based on quantitative parameters and their relationships. This raises the
guestion of how parametric architecture can effectively address the qualitative aspects of
architecture, such as context.

1.1.2.Livability, Sustainability, and Parametric Design

Based on a literature review of the concepts of "context," "livability," and "sustainability," it is
widely accepted among urban designers and architects that these are complex and multifaceted
concepts that are influenced by a wide range of factors. @esfforts to understand and
incorporate these concepts into design and planning processes, their relationship to each other and
the various factors that affect them remain unclear and difficulquiantify. Furthermore
architecture and urban designer® aeluctant to quantify urban and architectural qualities
parameters and always criticize quantifying them since they believe qualities lose their meaning
when they quantify.

Despite its frequent appearance in the literature, livalaihtysustainabilityareambiguous ters

used differently by different parties in different circumstances. This ambiguity and complexity
make tleseconceps hard to define and explaiiBalsas, 2004; Wheeler, 200FHor example, a
guestion that might come to mind abowgdbconcepsis what makes a city/neighborhood a livable

or sustainablglaceto live? This question is as tough to answer as the question asksohdly

(1984) What makes a good city? Lynch answered his question with five dimensions of
performance: vitality, sense, fit, access, and control. Although the five Lynchian dimensions are
not always easy to measure and may conflict with one another, they provideeat don
discussion of the spatial, physical, social, and political organization of various types of urban
developmentBalsas, 2004)This polarity and diversity in the livability definition confirm that
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livability connotates many things to different people and different discourses. It is a concept, like
the quality of life, that people seem to recognize but is challenging to define in a manner that
everyone understands since it is concerned with optimiaiman life's performance and integrity

(Ellis & Roberts, 2015). A | i vabl e pl ace, in general, i s
affordable to a diverse population, and efficiently administered, with functional infrastructure,
interesting cultural activities and institutions, ample parks, effective ptralsportation, and

broad employment opportunities. It also connotes a sense of community (Balsad,i2easjlity

and sustainability are thus broad terms encompassing many characteristics of urban environments
affecting their attractiveness as platedive. However, decomposing these qualitative concepts

into indicators and quantitative parameters helps us better understand them. The indicators that
measure livability and sustainability can also play a crucial role in evaluating the overall quality
of an urban environment and assessing the impact of any changes made to it. These indicators
provide a quantitative and objective way of measuring the effects of various factors, such as
environmental, economic, and social factors, on the livability anthisability of a city
(NorouzianMaleki et al., 2015) However, as deduced from the literature on livability and
sustainability, they are purely qualitative concepts. Therefore, is it possible to quantify and
parameterize livability? And if yes, how could it be possible? Considering sustainability, how can
city design incorporate sustainability and raise awareness about these qualitative concepts?

1.1.3.ComplexFormsOptimization andParametric Design

The term 6optimizationd is often referred to
(as a design, system, or decision) as fully perfect, functional, or effective as p({idgiljen et

al., 2014) In other words, optimization means finding the best solution(s) among different feasible
alternatives, whereas feasible solutions mean those that satisfy all the con#ramnats2015) In

the building sector, the optimization process begins with a design task, based on which the designer
develops an initial design. This initial design is imported into the energy simulation engine to
calculate the energy consumption or other eneetged variables. The designer needs to define

a single design objective or multiple design objectives. The computer compares the energy
simulation results with the design objectives defined. If the design objectives are satisfied, the
design process will beerminated, and the optimal design will be determined. Otherwise, the
design process calls for the optimization engine to generate a new design, and the above steps are
iterated(X. Shi et al., 2016)An optimization problem depends on the specific input, design
parameters, required objective function to optimize, and the constraints posed by varying realistic
conditions. It should be mentioned that the output of the whole optimization processpeiidde

on the usedefined variables, constraints, and gd&lseiri, 2018a)



In recent years, several attempts have been made to optimize visual comfort, glare management,
and energy consumption in buildings with complex facade geomedtdgice byparametridools
Research in this topic can be categorized into three domairi®eskarch that uses complex
patterns or form shapes such as orighased, Persian, geometrical Arabic, and complex curve
shapes. 2Research that applies a simple version of complex formsrésrated shading devices

such as regular (Euclidean) shapes to control sunlight and improve glare manageResgach
focusing on modular facade shading components such as fixed and movable louvers.

In the first group, Emami et gEmami et al., 20143ssesses culturaladitional Persian patterns

in a building facade to evaluate facade daylighting performance. They study daylighting levels and
light distribution of regular office space with pattern fagade throughout the year. The research
reveals thapattern shading screens maintain the required lighting levels and reduce heat gain.
Another study by the same authdismami & Giles, 2016)focuses on geometric pattern
application and performance assessment. It shows how the geometric patterns can function as a
design agency, an environmental control system, and a cultural element. They propose a predictive
model for translating complex paths to simple patterns concerning their perforation ratio,
granularity, and morphology. Yomna Saad Elghazi efgihazi et al., 2014propose origami

based patterns to control sunlight in residential spaces to reach LEED v4. requirements. They only
consider two variablesd parameters for the opt
Another researcliTabadkani et al., 2019)se origambased patterns to create a new kinetic
hexagonal shading system. Rotation and pattern motion parameters are assessed to investigate the
daylighting performance and glare probability in a single office space. Yun KiiY2019a)

applied complex curve forms in an existing facade to optimize both qualitative (aesthetical aspects)
and quantitative (daylight conditions) of a building. The author then assesses the indoor daylight
availability and user's design preference to desigicade form that addresses both architectural

and technical requirements.

On the other hand, the majority of research in this domain apply simplified patterns or Euclidean
forms in energy and visual comfort optimization buildikrgr example,Chi et al. (2017pssess

visual comfort and thermal comfort of perforated solar screens (PSS). The authors explain that
current energy simulation software such as EnergyPlus cannot deal well with complex geometry
directly, making the thermal evaluation of PSS an infeas#sle. Therefore, they simplified the
perforated fagcade to circular, hexagonal, quadrangular, and triangular forms. They also present a
methodology for achieving an integrated analysis of daylighting and energy consumption of spaces
with PSS during the d&g stageMahmoud et al. (201&ssess the impact of kinetic motion of
hexagonal pattern on souifécing skin to control the daylight distribution in an office. They apply
three basic geometric transformations on the hexagonal pattern and conclude by possible
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configurations to enhance daylight performance. Due to the complexity of assessing energy
performance and thermal and visual comfort of pattern forms, most research in this area simplified
pattern forms to Euclidean shapes to overcome the shape comatekttye limitation of available
simulation tools.

The third group of research focuses on optimizing shading devices such as louvers. Although
|l ouver forms are simple and donodt have patte
parameters, such as angle, shape, size, configuration, and coldsdeslding to several design
alternatives and making the optimization tis@suming and costly. Changing these parameters
affects louver performance and consequently influences glare, visual comfort, and building energy
efficiency. Research on the louvearameters has shown that the louver angle seems to be the
most effective parameter in louver design. For example, Datta (2001) assesses the effects of fixed
louvers on thermal comfort and analyzes louvers at the following four angigg-of45-, -60-,
and-90-degree tilt. Moreover(Gonzalez & Fiorito (2015gxplain that louver count and depth
significantly affect visual comfort and building energy efficiengltaweel & Su (2017¢onfirm

the importance of balancing the louver count and louver depth, improving visual comfort, and
decreasing the chance of glare. Therefore, louver parameters significantly affect visual comfort
and energy consumption; this importance highlights thed nier a depth study on louver
parameters.

All the mentionedhree facade forms have a multitude of parameters that can bepzadilice

and modifyusing parametric tools. As a result, architectsiacerporating these forms more
frequently in building facades. However, an important question remains: how can these forms be
optimized for energy efficiency and visual comfort using simple and availahited tools?
Moreover there is a need to reduce the computational time and cost associated with simulations.

1.2. ResearchProblematic

The tendency to use computer tools during the design process has increased since a decade ago,
and computer instruments have evolved from productivity tools to generators of design solutions.
Furthermore, the development in comptescessing ability, with affected the quantity of
information embodied in the form and the process of architectural design, has changed
contemporary architectui@robman & Neuman, 2013)hese tools, which were inconceivable

only a few years ago, offer new possibilities, such as designing complex forms and the ability to
incorporate environmental and energy factors. This ability leads to an approach to design that is
today named paramatism (P. Schumacher, 20090 this discourse, innovation is referenced

by advancement over previous digital forms or energy simulation techr(iqpesnzoEiroa &

Sprecher, 2013)This radical digitalization of architecture has left us with a new type of
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international styléPicon, 2010a; P. Schumacher, 200%d)hough this possibility is considered
progress in building energy simulation and making complex forms, what is the cost of this
dependencyn technology®hat are we losing during this rapid and profound transition of
architecture and city design? Whaill be their consequences on sustainable architecture?
Architecture seems to have relegated its contextual significance to technology and formal aesthetic
(LorenzcEiroa & Sprecher, 2013)n other words, regardless of the cultural and historical,
political and economic differences between cities, the outcome of the parametric design is the
same. Therefore, parametric architecture, as practiced today, distorts the qualitative significance
of place, loses city identities, and produces acontextual forms. This outcome is a typical
manifestation of human ovelependence on technology. It is clear that our current path of
parametric architectural practices will result in a new crisis of mogeirngnd, ultimately, an
irreversibleerosion of local identities, context and sustainability.

On the other hand, although these computer instruments support designers to overcome the
challenges associated with different scenarios and complex f(Boyge et al., 2003; Duffy &
Czeisler, 2009; Gunay et al., 2017; KaranouhK&rber, 2015) the current knowledge gap
regarding a holistic integrated approach between the faestiheti@s an outcome of parametric
design anaptimizedforms for energy performanead visual comforhas not been bridged. The

main problems and obstacles to achieving this holistic approach are as fdlleensomplex and

varied nature of the forms generated by parametric tools is one such barrier that could make the
optimisation process challenging to complete. Additionally, dealing with a high number of
analysimg elements can make mudtbjective optimisation difficult and raise computational costs

and time limitations.

1.3.Hypotheses

Parametric architecture, as it is practiced today, distorts the qualitative essence of the built
environment since it is merely able to implement measurable and tangible parameters in its design
process. By deconstructing qualitative factors such as “dadraed "livability” into tangible and
objective parameters, they can be incorporated into parametric architecture practices and make this
practice more sustainable. On the other hand, parametric architecture facilitates using modular
forms such as pattesrand louvres in building facades, increasing the complexity of building
engineering optimization. Proposing an innovative method by integrating evolutionary algorithms
and parametric design leads to decrease computational cost and time.

1.4.Objectives
This interdisciplinaryresearch aims to combine knowledge from the fields of architecttlran
design, building engineering, argolutionaryalgorithmsin order to
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1 Exploring the potential ways to reconcile parametric architecture with contextual
significance in architecture and urban desifinthe contemporary practice of parametric
design, the definition of "context" has shifted from qualitative and unmeasurable factors to
guantifiable parameters. This shift is mainly due to the capability to accurately monitor and
modify tangible parameterthrough the parametric design process. However, with this
significant transformation in the meaning of context, we cannet tefthe parametric
design as purely contextual design. Therefore, this research aims to reconcile qualitative
contextual elements that have been overlooked in recent parametric design practices.

1 Incorporatindivability and sustainabilitfactors in parametric architecturehe
consequences of parametric and computerized design are not limited to the loss of
contextual essence in the built environment but also decreased livability and sustainability
of architecture and urban design. This study aims first to understandjuaiaative and
rich factors are missing when the computer is the primary design agent. Then, the study
aims to measure pure gualitative and intangible parameters such agyizailproposes
an innovative method to translate them into a binary language for incorporation into the
parametric design process to achieve more sustainable cities. This quantifying method
ensures that even in a parametric and quantitative process;ahqualities will be taken
into consideration.

i Proposing an innovative method dptimize complex architectural forncseated by
parametric toolsby integrating evolutionary algorithms efficiently and parametric tools,
this research aims to decrease computational cost and time in optimizing seductive forms
with a lot of formal parameters.

1.5.Research questions
This research aims to answer these overardjiegtions in three fields:

A- In architecture and urban design:

1 To what extent is parametric architecture a contextual design?
1 If parametric architecture is limited in terms of how it addre%$sestext, then how can
we augment the issues related to 6contexto
f How can we then parametrize and quantify s
architecture?
1 How can urban and architectural qualities such as livability and sustainability be
incorporated into the parametric design?

B- In Building engineering and optimization:



1 Parametric design practices lead to complex geometries and shapastiecture.
Concerning simulation limitation ability, how these complex shapes, such as patterns and
louvres can, be optimized regarding energy and visual comfort?

1 How can NSGAII help to optimize complex geometry?

C- Bridging architectural domain and building engineering

1 How can parametric facade forms be optimized to better align with contextual factors
and, in turn, enhance sustainability?

1.6. Methodology

This thesis utilizes an interdisciplinary theoretical approach and employs a mixed methodology to
achieve its objectives. The methods used in each manuscript presented in the thesis are elaborated
in detail in their respective chapters.

1.7.Overall structure ofthe thesisand thesequenceand connection ofesearcharticles

The thesis is divideohto three main themes. The first theme focuses on exploring qualitative
aspects of parametric design. The second theme centers on parametrizing and quantifying
gualitative aspects discussed in the first theme. Finally, the last theme concentratesiamg@ptim
complex forms designed using parametric tools.

The first theme begins with a research article that critiques parametric architecture and its
limitations in addressing the qualitative aspects of the built environdegidisused in the first
paper, parametric architecture apriicticesoday,attempts to simplify the rich concept of the
built environment. Following thieesearch articleve hypothesize that there is a gap in the
definition of'contextin parametric architecture, which forms the basis for the second research
paper. In thisecondbaper we demonstrate that while some aspects of context are quantifiable,
such as climate, energy, and topography, hurekated factors like cultural and social forces are
not adequately addressed. The third research paper in the first theme builds upsulthefr

the second paper and, through case studies, confirms that parametric architecture not only fails to
incorporate qualitative parameters but also neglects some quantifiable parameters, such as
physical coherency, in buildings designed using panartenls.

10



In the second theme, based on the issues identified in the first theme, that parametric architecture
is unable to fully capture the qualitative aspects of the built environment, the firsiopémper
chapterattempts to propose a method to parametrize and quantify the unmeasurable and
intangible qualities. It specifically focuses on livability and explores how different intangible
livability parameters can be quantified and subsequently integrated into pracarehitecture.

The next paper in this thendelves into sustainability criteria and how city open data,

considered measurable and quantifiable, can be incorporated into design practice, which
inherently combines qualitative and quantitative aspects. This paper outlines how various
measurable datan be categorized into cultural and social categories and how they can be
incorporated into the design process, ultimately facilitating the integration of qualitative data into
guantitative design processes.

Finally, the third theme consists of two building engineering papers that explore methods to reduce
the computational cost and time required for complex forms designed with parametric tools. The
first part of this chapter includes a research paper disgusse application of evolutionary
algorithms in optimizing higldimensional forms, such as louvers. The second paper in this chapter
builds on the results of the first paper, proposing a more advanced and hybrid method for
optimizing highdimensional pa#érn forms. This method incorporates sensitivity analyses,
approximate models, evolutionary algorithms, clustering, and local search techniques.
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CHAPTER 2. Exploring The Qualitative Aspects Of Parametric Design

Forewords

This chapter aims to establish emroduction to parametric architecture and its definitions. It
begins by exploring the consequences and implications of parametric design on the overall
architectural discourse. Additionally, it assesses the extent to which parametric architecture has
lost its contextual relevance and significance. Finally, the chapter examines several case studies
(twelve buildings designed by parametric tools) that demonstrate how parametric architecture
often focuses primarily on the superficial level of building desigeating the facade as a
decorative skin. The case studies analysis confirms a lack of coherence between the interior space
and the seductive parametric facades. The chapter is divided into three sections to cover these
topics, and each section corresgemo a published paper.

Sectionl: Over Digitalization and its Consequences

In the first section, | discuss the detrimental effects of-digitalization and excessive use

of digital technology on architecture, urban design, and architectural education. | also
highlight how overdigitalization and when the computer is the primaggent of design
impacts sustainable architecture since it often becomes solely focused on the formal and
aesthetic representation of buildings. This section is a subset of a published paper which |
co-authored with Dr. Carmela Cucuzzella and other memiifettse IDEASBe lab. The
authors' names are listed alphabetically, and all authors contributed equally to the paper. |
incorporated the part of the paper in this thesis that | contributed. The complete citation for
this paper is as follows:

Soul i ki as, Ari stofani s, et al . AWe Gain a
Reflectionon t he I mplications of Digital Design
2021.

Section2: Contextual Considerations in Parametric Design

In the second section, building upon the results obtained from the first section, which
confirm that parametric architecture often approaches the built environment in a
superficial manner, lhypothesisa gap in the definition of "context" within parametric
architecture. First, | provide an overview of the concept of "context" and then assess how
this notion is addressed in architectural practices by examining considerations of
"context" within various chitectural styles. Furthermore, | deconstruct "catitieto
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different domains of concern and explore its finer details and objective components to
determine the extent to which context can be effectively incorporated into parametric
architecture. This section is based on a paper that | have authored, in cobbabwititi

my primary supervisor, Dr. Carmela Cucuzzella. Currently, the paper is under review for
publication in the Journal of Frontier of Architectural Research, and the citation is
provided below:

Hazbei, M., & Cucuzzella,Cn(d.Reveal i ng a Gap in Parametr.
of A C oFranteenot Abchitectural Resear¢ander review)

Section3: Formal Coherency in Parametric Design

In the third part of this chapter, | explore how an overemphasis on compwssitecture

and parametric design leads to architectural facades that lack coherence with the interior
spaces. This research confirms that not only doespammetrization and digitalization
affect the entire city and raise contegtated concerns, but also directly impacts
buildings at their own scale. This means that while the building facade offers architects
more potential for maneuvering and designing seductive forms, the interior spaces often
follow conventional rectangular shapes with straightls, creating a stark contrast with

the complex and atypical forms of the exterior, which feature curved and tilted walls.

The results of this survey were published in a paper where | was the first author, and my
primary supervisor was@-author. The following is how to cite this essay:

Hazbei, M., & Cucuzzella, C. (2021). Coherence of interior and exterior formal qualities
in parametrically designed buildings. International Journal of Design Engineering, 10(1),
10i 28.
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Section 2.1. Over Digitalization and its Consequences
2.1.1.PublishedAbstract

In the field of architecture, new technologies are enabling us to promptly simulate, quantify, and
compare multitudes of design alternatives and consider an ever more expanding list of
environmental and economic parameters within the early design phapesgeats. However,
architecture today veers further towards -4mewtral technologies, changing our culture,
introducing new values, and (re)shaping our social ideals. The change of media, from the manual
to the digital, has deeply transformed architectune city design. There is undoubtedly progress,

but what are we losing in this automation, virtualization and-diggtalization? Are architects
creators of space, human experience, antural capitad starting to occupy the role of
technicians? Sustainable architecture is a field that is already experiencing tensions between the
guantitative and the qualitative, the optimum and the ethical, and the parametric and haptic
methods. Yet theapidly evolving CAAD technologies overlook many of the nonquantifiable
values of these binaries. Gains in speed and efficiency in the design process with the help of
parametric design may be c-madtidnemogss mequdefoh e des
critical architecture while ethical, cultural, and human dimensions can hardly be modelled
algorithmically. Similarly, computational thinking and digitalization in architectural education,
have yet to come to termgth the loss of analogue ways of learning that favour a more diverse
and inclusive classroom environment. Instead of keeping the analogue and the haptic practices
away from the immaculate realm of CAAD, this paper argues for hybrid technologies that
recanize these practices and their \&ain sustainable design and incorporate them.

2.1.2.Introduction

The digital age has brought tremendous changes to our world. In architecture, digital tools have
revolutionized the way drawings are produced, as well as how buildings are visualized, optimized,
assessed, and constructed. However, the recent developments in computing abilities are causing
design and architecture to confront new technologies that are increasingly substantive. The process
activatesFeenberty (1991) critical theory, where once a technology has been implemented,
changes to practice inevitably follow, and it becomes difficult for actors to work against it.

Ellul (2021, p.89 proposes that:

ATechnol ogy never advances towards anythir
The technician does not know why he is working, and generally, he does not much

care [é] There is no call towards a goal ;
in the back andot tolerating any halt for the machijeée ] The i nterdepende
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technological elements makes possible a very large number of "solutions” for which
there are no probl ems. o

R. Woodbury(2010)names these infinite solutions the
computer depicts all design possibilities, feasible or not, complete or not, that may or may not be
visited by human designers. These thoughts evoke the #@dwe(1958 p.16]) described as
AGroempn chil dren playing with curves and tensioa

Today, architectural design is increasingly relying on digital technologies. These technologies are
changing our culture, introducing new values, and (re)shaping our social ideals. The evolution of
media, from the manual to the digital, has deeply tramsfdrour sense of scale and the relation
between architecture and our bodi€srmier, 2020)and has ushered in a new era of virtual reality
aesthetics. Moreover, nascent digital parametric logics offer automated design solutions in a

potentially boundless space, affecting gravel
(1958, p. 161) assessment bhiyftoatfakhenable architactuieon t h
which is a dead end. o6, is as real today as it

These complex processes are pushing the practice and field of architecture towards the latest stage
of Asimulacra and si mul aft whemany cohnecidn toagealityishe pu
perceived as oversentimentéBaudrillard, 1995) In this world of hypereal simulation,

dominated by technology, the architect, or architechnician, needs to assume new
responsibilities in order to justify their own existence and the relevance of thewaheing
technologies.

With the many technical possibilities that the digital has provided to the practice of architecture,

we take a stwhpatb aacrke twies phpekexplofigsthow the digitalization of

the built environment i's putting at ri sk sor
architectural education and pedagogical practiaedthe design proces3he article begins by

exploring how technology can undermine issues of cultural relevance, place, learning, and
creativity in the realm of education but also in professional practice, with a focus on the effects of
parametric design. It then presents theecof sustainable architecture as an area where tensions
between the digital and the cultural can be clearly traced, underscoring how the digital has pushed

a fnfalse sustainabilityo, Paasmaga0lr/ysuggestcwhosand ar
writings on the value of the haptic in design support significantly the critical endeavour of the
present study with regard to CAAD technologies.

2.1.3.Critical perspectives on the tensions between the analogue and the digital

l. Architecture Education
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Until the nineteenth century, when the French Ecole des B&dsygave guidelines and training

on the Classical Ordef§&raham, 2003) ar chi t ecture was not consid
since there were no initialized educational and licensing proghafitis.these roots in the fine

arts, traditional pedagogy of architecture design studios relies on-banasd experiential
learning techniques. Studios equip students with the ability to critically reflect, brainstorm, and
interact with their peers and soundings while designing for timiatensive school projec{®.

A. Schon, 1987)These peeto-peer interactions, facilitated by the physical environment of the
design studio, can be beneficial to the growth of an architecture student as they learn to exchange,
debate, and reflect on key concepts, values, and design principlesti®@eethese physical
interactions inform their tacit knowledgBolanyi, 2009}hat govern their styles and workflows

as future licensed and practicing archit€EtsA. Schon, 1987)

Pallasmaa inThe Thinking Handq2009) observes that the skill most vital for an architectural
designer i s dlimensional essence d¢f the dasigh task into embodied and lived
sensat i ons (2009 dherefone designdstudio pedagogies that derive from material
based art education models focus on developin
students to read, travel, observe, sketch, and document their dynamic surroundings. These
activii es enabl e their Acapacity for empathyo for
However, the mandates brought by automotive and aerospace industries to construct buildings
upward along the vertical axis provoked the rethinking of the archieegiofession and its
conventional qualifications to implement largeale designs of the built environment. This

resulted in the digitization of architecture, which can be traced back to the 1960s, and can be seen

as analogous to the disruptive Industiévolution, which promoted innovations in speed,
mechanical reproduction, and quantification of the design process. This uptake of digital tools was
viewed, at the time, as a means that would facilitate a construction boom across the glebe, post
World Warll.

In response to these trends, architectural institutions reformed their vastly sensorial and artistic

approaches to better integrate emerging digital technologies such as CefgeteArchitecture

Design (CAAD) that reflected new paradigms of mpssducton and engineering in the

construction industryGross & Do, 1999)As a result, the rapid digitization has transformed the

nature of sociaultural practices of learning environments in architecture schmsapplication

of digital design tools in pedagogical architecture projects has had both positive and negative

impacts on knowledge exchange between research and practice. While the swift adoption of digital

technologies in the design process was impggdt the survival of architecture as a profession,

the educational system continued to be sceptical of thesenegimwents as it relied on the

tangibility of creative outcomes through analogue resources such asskedolded project

submissions, physical studio interactions, hamalsvorkshops, and field studies. Hence, most

educational institutions persist in thension between the digital and the analogue dimensions of
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architecture pedagogy, and this results in a curriculum that is ambiguous in its approach to
sustainably train young professionals for the future. Assimilating the fundamentals of past creative
practices in new technologies remains a conundrum.

This increasing polarity between the digital and the analogue is also observed in the user interface
of CAAD tools that are often neutral and rigid in the hopes of simplifying, structuring, and
democratizing the design process. CAAD functions simulateatiaogue tools once used by
architects but cannot essentially recreate the haptic experience associated with them. Furthermore,
given that these tools are used by creative individuals with diverse@dtiioal backgrounds, the
neutrality of its elementsften flatten and undermine the complexity and inherent "messiness" of
the traditional design studi@ross & Do, 1999)While students are encouraged to experiment

with unfamiliar materials and concepts, and come up with designs through trial and error, digital
design technologies have added saxtitiural and psychological inhibitions to this process as they
have promote speed, efficiency, and accuracy of seemingly "finished" solutions.

Pallasmag2009)o bser ved t hat A...prior to our curren
materialist consumer and information culture, situations in daily life, as well as processes of
maturation and education, provided a more comprehensive experiential grounochéor growth

and | earning, due to the direct interaction w
the other hand, today, CAAD tools with their immense capacity in facilitating students and
practitioners to produce and share larger quastdfevork, mostly online, spur on an unhealthy
competitive environment with the bypassing of critical initial research, meditation, and reflection

of design principles and values, and result in an uneven distribution of the quality of the creative
outcomegBuchanan, 2012)

However, recent paradigms of opgource networks in relation to participatory design practices

with members scattered across the globe have redefined conventionwomstructoistudent
relationships in a design studio. In the traditional forma& afesign studio critique, students
typically present their work in front of a passive audience and receive critical feedback from
instructors only at the end of their design proceéSesham, 2003) | n c esntturdai sots,0 faen
digital pedagogies in architecture that adopt egpamurce principles of transparency and
accessibility have led to a shift in the power dynamics of the learning environment, where the
instructors and students now need to slaalevel plane of discussion and symbiosis of knowledge

and other resourcéal-Qawasmi, 2005)

Today, and as witnessed during the COVID pandemic, traditional design studio dynamics of
physical and synchronous interactions have given way to remote and asynchronous processes,
demarked by an exchange of digital documents and online materials amamgduiaidi The rise

of stardi os0 has resulted in a change in commun
the physical boundaries of the design studio, right from the inception of the p(éjeGawasmi,
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20056) Yet, although digital stwudios prompt stud
outputs over a very short span of time, instructors now struggle to find new ways of giving quality
feedback before submissions. Additionally, students termeédook the sockeultural contexts

of their designs by adopting global principles that arise from the gentrification caused by digital
applications.

From this overview, it is clear that the paradigm of digital media in the design learning process
needs to move away from a narrow techni-cal p e
free neutral (tool s) (Alawasnp, 20T Thesedigitabtgols lcavei v e r
made architecture education more accessible and, arguably, more efficient in terms of time.
However, the dramatic shift withessed in the last fifty years has completely reorganized the basic
principles of architecture pedagogyhere students are deprived of the merits of experimental
handson sensorial reflectiomnd are simply trained in developing and transmitting solutions
through digital tools. The-studio, which is governed by the digital screen, favours emphatically

an ardiitecture pedagogy centred on vision that ignores the multisensory nature of architecture but
also the sockzultural background and creative skills of the student.

Il. The Design Process

Before the advent of computer applications in the design process, architects used physical tools
for design, such as pencils and tracing paper, in a considerabhcdimseming forrdfinding
process. Owing to these limitations, precedents with complex ¢armes cannot be found in
previous decades, and only recently have they become predofficamt, 2010c)

Digital tools in architecture have been adopted and used in many different ways. Their explosive
growth has affected the core principles of architectural design. These technological advances,
undoubtedly, offer new possibilities that were inconceivablg ariew years agPicon, 2010c)

and have influenced the whole field of architectural design, leading to a new approach to design
called parametricism(P. Schumacher, 2009bArchitecture thus has found a new tool for
conceptual design in digital medi&chnabel, 2007)This change is a result of the evolution of
computefintegrated design from ord@df design modelling systems to desigisepportive design
environments and, eventually, to the truly generative geometric design machines, which were to
substantively transfm the nature afiesign methods and proces¢egon, 2010c)Unlike past

design processes, which were based on improving the quality of design step by step, architects can
now quantify parameters to generate and control different architectural variations while designers
can explore multiple viable solutions andhcepts without being limited by their own drawing

and modelling skill{Lawson, 2002) They can also change and modify their own-hdsed
representations in any stagethe design proceq®. Schumacher, 2008Jhis availability and

means that are offered by digital tools lead to innumerable design alternatives that can be generated
in parallel, allowing for new modes of thinking and contributing to the explorative process
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(Barrios Hernandez, 2006; Holland, 2012; Karle & Kelly, 201Rahew set of design practices

has emerged, which is the direct result of digital tools in architecture, and which affects not only
the design process but also has significant impacts on the architectural forms. To assess the effects
of digitalization intheir entirety, we will examine the role of parametric tools in the following two
aspects: 1) the design process, and 2) the final outcomes of the architectural process, namely, the
architectural formsKigurel).

Effects of digitalization on architecture

l l

On Architectural Forms On the Design Process
I B T 1 F"""i _____
| Visual chaos || Acontextuality | | Loss of creativity |

Figure 1. Assessing the effects of digitalization on both architectural forms and the design process

These drastic changes in the design process have extended the boundaries of design possibilities
(Gero, 1996; Liu & Lim, 2006)With them, however, come some shortcomings with regard to
creativity. Traditionally, designers spent a lot of time on the design process, whereas today, only
one mouse click can provide thousands of alternatives. Sketches (conventional design practices)
are a timeconsuming process, have few details, and tend to suggest and explore, rather than
confirm, by retaining a level of ambigui(i?oole & Shvartzberg, 2015&)jowever, they allow the
designer to spend more time on the artefact and engage in an exploratory search, discovering
alternatives that are not conceived at all in the preliminary digital design (Sesen, 1984a)
names these emerging idea#ection in action In other words, whereas in parametric design,
all design alternatives are restricted to the initially defined code and parameters and cannot go
beyond them, itraditional methodsf design, the ambiguity of sketches has the potential to
triggernewidess out si de a defined fiboxo.

One might argue that in the parametric way of design, designers can change and modify their own
rule-based models at any stage of the design process so that it can be kept open and flexible
(Oxman & Gu, 2015)Yet,in reality, these possible changes are limited to the rules that the
designers themselves have set for the design problem in the first place. Recoding the whole process
would be more time&onsuming than any traditional design method with the additiask of
missing all the initially generated alternatives. This complexity of modifying or upgrading the code
forces designers to narrow their alternatives within the current platform, since they are reluctant to
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recode the whole procedufB. Woodbury, 2010)Consequently, a codmmsed design process

would hinder creativity, since it would restrict designers to only one possible range of solutions.

By relying on digital tools such as computeded design software, architects miss out on the
nuanced reflectio in action the hand enables. Moreover, mechanical reproducibility of digital
designs in architecture have nullified notion
architect who left unique imprints on handmade construction drawings whilgieggath a work

through bodily interaction@Benjamin, 1986)

Although there has been a drastic increase in the efficiency of projects designed using digital and
parametric design platforms, computational thinking renders a complex design problem into
disconnected smaller parts and can discourage architects fraallgrieflecting on the outcomes

of these codified process@savousi et al., 2019Digital design and parametricism can have dire

i mplications for the skills of architects, as
not producing the expected results, absolving them of responsibility as designers. Architect
Miessen et al(2016)critiques the rise of parametric digital design in architecture in his seminal
work, Crossbenching: Toward Participation as Critical Spatial Pradtiesauthorexplains that
(Parametricism) is used as a means to outsource (design) responsibility; and more specifically, to
be able to claim that the end result of the design is not the result of specific decisions by the
designers, but by the complex and psesdentific processs based on a set of criteria that the
designer defines, and which is broughtife by the computer.

In a series of perceptive works, Pallasr(2@09, pp.967) examines the entire creative process

of the architect through the interaction between body and mind, between hand and eye. Without
denouncing the conveniences of CAAD, he underlines the importance of conceiving architecture
and even fabricating objecty lengaging all of the senses, away from the computer screen. He
argues that any tactile experience using a computer mouse is still an operation that takes place in
an i mmat er i al mpuerimabingtends totflfttant our fnagaificent, rmsktnsory,
simultaneous and synchronic capacities of imagination by turning the design process into a passive
vi sual manipulation, a retinal survey.o

The transition from hanrdrawn to highly computerized architecture design has brought
possibilities to the table never imagined before, yet the drawbacks of corgpotrated
architectural forms are quite obvious in buildings today. In terms of formalésaincoherency

can be considered a common characteristic, in matching the exterior design to that of the interior
and also to their descriptive qualifjfezbei & Cucuzzella, 2021)Digital tools increase
computational control over design geomédiyno, 2012)and are mostly used to create seductive

and spectacular forms or even create an environmental envelope around the building, overlooking
basic architectural formal qualities such as the connection between site and building. In describing

21



this technological advancement in architectur
be produced, but richness must be creéBeary, 2011)

Digitalization facilitates forrfinding processes and responds to site and climate requirements.
Howeverthese practices are increasingly depriving contemporary architecture of meaning
(Grobman & Neuman, 2013)Parametric architecture, as it is practiced today, cannot convey
contextual significance, since it considers merely climatic, topographic, and energy as regional
factors (Mahgoub, 2007)in other words, parametric design focuses on digital forms and
simulation techniques for buildings without addressing the cultural significance of local places
(LorenzaEiroa & Sprecher, 20130\Ithough this development in architectural digital tools can be
considered a way forward in environmental sustainability, it is a counteractive approach to cultural
and social sustainability, producing acontextual architecture.

M. The false sustainability of the efficient digital machine

Pallasmaa (2017) classified the commercial approaches to sustainable architecture as a type of
Afal se sustainabilityo. Digital tools have a
multitudes of balance sheets. While many of us still associatangy and define sustainable
architecture through eeefficiency (i.e. the optimization of environmental performance metrics),

this measuremesdriven definition contradicts the multitude of meanings, and-teohnical

layers that can contribute to the wusability of aplace (Cucuzzella & Goubran, 2020)t also

disregards the formal definition of sustainability as an intersection of domains; the social,
economic and environmental, in its most basic sense, with the addition of the ¢MuMaln &

Polo, 2005) ethical(Ehrenfeld, 2009)or spiritual(Walker, 2006, 2015 its more elaborate forms.

While the digitalization of sustainability approaches, through simulation and optimization tools,

has brought about speed, it has been primarily focused on and is inevitably linked to mitigating
predictable riskg$Cucuzzella & Goubran, 2020)Vhile data and technological gadgets will certainly

be defining to the future of all architecture, including sustainable building, what we are losing sight

of are the core concerns of expression, contextuality, functionality, and aesthetics. Most
importantly, and as Pallasmaa (2017) points out, this efficiency and techroésgyl sustainable
design approach aims at <creating instantaneou
dimension.

While technologies, and information and communication technologies (ICTs) in specific, have
become defining features to our sustainability approach, it is essential not to confuse the designer's
role with that of the technology integrator. In that sensehave to consider that sustainability

can only be attained by balancing between the-lagt lowtech(Beder, 1994)between the smart

and the human, between the digital/artificial and the natural, and the imagined and the real. These
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choices require judgemef(f. Collins, 1971)yather than optimization algorithms. They require
judging how, beyond the digital scre@@ormier, 2020) an element can fit on its site, and in its
context; how an architectural element can project meariings forms of ecological lessons
(Cucuzzella et al., 202@nd a form of cultural symbo{&oubran, 2019; Hattenhauer, 1984)ow the
project can integrate both the anthropological and di¢fitatuzzella & Goubran, 2019and how
the design can consider both the predictable and prospéctivezzella, 2020)

In a series of articles published in the early 2000s, Guy and FéFaneer & Guy, 2004, 2005; Guy

& Farmer, 2000, 200have established a seminal vision to comprehending and applying the concept
of sustainability meaningfully in what they defined as "pluralistically”. This is wallgned with

the view that a stable, or bounded definition of sustainability in archiggctull reduce the
process of design (i.e. sustainable design) to a series of managerial decisions around energy, water
and feasibility(Cucuzzella & Goubran, 2020; Pyla, 2008; Vandevyvere & Heynen, 2@f4jourse, a

fuzzy definition always creates a more complex problem, which, in the context of digital tools, is
harder to model, predict and compute. Here the role of a sustainable design architect has to
transition from that of the technical advisor tme of "a more sociological engineer or
entrepreneur(Mooi, 2014) An exploration into this new, pluralistic, definition of sustainability in
design is offered by Walkegwalker, 2006, 2015)n the following basic design guidelines: 1)

to reconsider the material culture and aesthetic convenfldns would also entail removing our
production modes from the technological or product push and marke{Tarkban, 202Q)2) to
consider the "history(ies)" of sustainability. And in turn, untangling the concept from its political
dimensiongHajer, 1995) 3) to consider sustainable design as a critical process of inquiry. This
grounds the role of the designer as a reflective practitigheD. Schon, 1983)and 4) to
disassociate sustainability from the new or leadidge, by assessing design through its functional
worthT and its spiritual potential.

While we transitioned our collective understanding of sustainability from a prémitugted one

(i.e. green design) to one of system innovations (i.e. design for sustainable tran&gses)n &

Gaziulusoy, 2016)we have been unable to grasp the cultural and the aesthetic, to decipher the
competing histories, to deal with complex thought or to comprehend the spiritual potentials of
material objects. Our modern digital and technological tools have failed tougateith how our
understanding of Asustainabilityo has evolved.
go beyond mere things.

2.1.4.Conclusion

CAAD technology, as powerful as it has evolved, has had difficulty in encompassing important
gualitative aspects in architectural design. The ultimate achievements of computational ways of
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thinking, speed, exactitude and efficiency, useful as they are, have yet to address successfully the
particularities of social context. Digital tools cannot necessarily replace the creative environments
needed in architectural education or the architectofice. Parametric design, despite its
automations and spectacular outcomes still fails to sensitively address aspects of locality and
culture. Sustainable buildings cannot be achieved solely with metrics that do not factor reflexivity,
culture, history and aesthetics. To address the growing share of responsibilities assigned to the
computer at the expense of the human designer, with all the ramifications playing out in
construction sites around the world, one needs to examine closely what is beamgl Ibsetv that

can be incorporated in todayés architectur al
conformist dAdigital boxo. This is not to i mpl
subversions and dissent from the tyranhprecision and speggHosea, 2019)However, hybrid

ways of designing, making, and seeing, which involve both the digital and the analogue, the ideated
image and the physical space, the mind and the body, point to that optimum where there is enough
of that precious room for creativity, spanteity, and, in general, a more accurate and direct
response to the lived human reality, both on the ground where architecture materializes and in the
minds of citizens where it is imagined.
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Section 2.2 Contextual Considerations in Parametric Design
2.2.1.Abstract

fiContexd holds a broad meaning in architectural discourse, and its definition and components
have evolved over time. A comparison between contemporary parametric design and overall
architectural practices reveals a contradictory connotation of context in thesarses.The
research hypothesis is thatparametric design, asstpracticel today, the definition oficontexd

seems to shift fromasingqualitative and unmeasuralgarameterto quantifiable parameters. This
transformation is mainly due to the ability to accurately monitor and modify tangible parameters
through the parametric design procé&ssen therecentsignificant shift in meaning dfcontext,

can we still refer to the parametric design as a contextual dékigaxr?swer this question, we first
establish a clear and comprehensive definitiaiicohtexbin overall architetural practices. Next,

we examine the extent to which contemporpayametricarchitecturehas lostits contextual
essence. To achieve this, we explored the different meanings and epistemolége®afit e x t 0
cultural, social, historical, physical, environmental, political, and economic donm&mshen
deconstructhesedomairs into measurable and tangible components and categorize all variations
oficont e xt d@nardhitefcture. Thisiprocess helps determine which context components

can be incporated into parametric architecture, and which cannot. The study hypothesizes a gap
in thedefinitiono f A ¢ anrparametticdarchitecture, and the results show that while physical
and environmental components can be included in parametric architecture, intangible parameters
such as cultural, historical, social, economic, and political aspects cannot be easifieduard
thusare difficult to incorporate

2.2.2.Introduction

Deriving from the Latincontextere which means to weave togeti{&taff, 2004) ficontexd in

modern usage refers to the parts of a composition or textual discourse which precede or follow and
allow the connection to other parts that comprise a wihdtgallebzdeh et al., 2014 can also

be defined as the events setting up the circumstances, statements, or ideas arskbibuwatioes

can be fully understood and asses@@uttionary, 2014) In a text, words are only meaningful

when they are viewed in relation to other words. This explains the importance and structure of

words in the maintenance of unity. Therefore, even whgngleword in agroupchanges, the

entire meaningf the phrase can chanffe. Beaver, 2006)n generalcontextcan be described

as the combination of one phenomenon, circumstance, fact, orieuwetationwith others to

create a whole. It thus denotes the creation of scenarios by elaborating on previous and future
events or circumstanceBhe term can also refer to the backgrasjrshvironmerg, frameworls,

settings, or situatios encircling an act or a circumstan@gzgen, 2012)
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In architecture, events, statements, or ideas represent the components of a hoidihg
circumstancege.g., physical, social, political, cultural, econonaindenvironmergl) surrounding

it (Architects Design Partnership, 200Feidegger states in his ess@yuilding, Dwelling,
Thinkingothatidwellingdand hencébeing ia its existentialsensecannot take place in a domain

that is not clearly bounde@A boundary) he writes,fis not that at whiclsomething stops, but

[ €] the boundary is that fr odmHewdegger, 1955 plBt hi ng
Architecture is inextricably bountb place. A building is constructed in a particular plate

other factors shapg a desigrare secondaryence the siting of a buildin@e., its relationship to

its immediate environmehis of enormous importan¢@homas & Garnham, 2007)

Contextin architecture is an evolving concegitering in meaningcrosgeople, technology, and
cities(Nasr, 2015)It evokes architectuée essentials, such as the mix of elements, surface tactility,
material properties, perceptibility, the cue to scale, evidence of skill anthimakdetc. In modern
architecture, the word may refer to various meanings. For example, it may signify the physical
built fabric in which a project is situated, the site and its geographical characteristics, the climate,
the local culture, history, and @haspect§Johnson, 1994aMore precisely, contextual design in
architecture can be defined as any doctrine emphasizing the importaraedtin establishing

the meaning of terms, such as the setting in which a building is placed, its site, its natural
environment, or its neighborhog¢Burden, 2012)According to Burden (2012), location has been

a driver for architectural design, particularly from 196I¥0, in which cities were seen in their
totalityd this practiceemanating from the belief that a dgolisticexperience is greater than the
sum of its parts. All architecture must fit into, respond to, and mediate its surrou(Biumgen,

2012)

2.2.3.Background

As a particular design approach, architectural contextualism was mainly devietipeenl 950
and1980( K° me z Daj I.Inadhjs lapproachRa@hlbhilding works as a contributing or
defining block to its site, zone, district, or communiigther tharas an isolated obje¢Y.-K. L.

Tan, 1992)Contextualism is an interpretation of the whole environment, partial characteristics, or
structure(Miao, 2012) More ecifically, in contextual desigmontextrefers to the correlations
between form, geography, vegetation, street pattern, fundamental space structure, surrounding
buildings (as compared to the overall view from the xitgrchitectural style, and complex
architectural featurggding, 2005) A deeper reading of@ntextrequires penetration into a plése

spirit and attention to traditiofY.-K. L. Tan, 1992) Unlike any specific architectural style,
contextualism can be seen as a set of values, including three distinct gdpeesiacularism,

(2) regionalism, and3) critical regionalism(JonNwakalo, 2018) According toEI-Shorbagy
(2015) vernacularism could be extrapolated to mean buildings constructed by local inhabitants
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utilizing locally available resourcesdbuilding materialsand applyindocal architectural skills
Regionalism in architectuydor its part,refers to the notion that architecture sholamonize

with the physical, cultural, and political contexts surroundingially, aitical regionalism serves

as a reaction to the presumed lack of meaning in modern archit@atamgpton, 1993)This idea

stems from the perception that modern architecha®failed to respond to physicabntext,

instead adopting universal rules and becoming téar abstract(JonNwakalo, 2018) The
emergence of sophisticated architectural parametric tools has brought about a return to the modern
and international styles, which historically tended to dissociate themselves from their surroundings
at many levels, leading to a néarm of disassociation frornontext

How dothese historical definitions of contexate to parametric architecture in genaral more
specifically, to universalization in parametric architecture? In architecture and urban design,
computer instruments have evolved from productivity tools to generators of design solutions. This
process has given rise to a new approach to design gatachetricismanapproach rooted in

digital animation techniques, with its latest refinements based on advanced parametric design
systems and scripting metig(P. Schumacher, 2009d)he advantage of parametriciggithat it

enables the exploration of a wide range of alternative solutions by changing the parameters of the
logical relationship(Karle & Kelly, 2011a) In more taditional methodspn the other hand,
designers usually only consider a relatively limited number of alternative sol(tiahert F.
Woodbury & Burrow, 2006)As the design procestreamlinesind a broader range of quantitative
parametersire consideredheradical digitalization of architecture has left us with a new type of
international styl¢Picon, 2010¢)one that ispectacular in its forms bldcally inappropriate. The
phenomenon of universalizati@amnd homogeneity in the built environment, while connoting an
advancement of humankindimultaneouslyconstitutes a sort of subtle destruction, not only of
traditional cultures but also @fnucleus of great culturdgrampton, 1993)K°® mez Daj |l i o] |
(2015)wr i t es t hat AGlIl obali sm al so promotes Cco0omme
detached from their urban contexts. Iconic structures can be given as examples of these
freestandi MK imeizl diarj d dAtoughu paran2etid theorists claim that
differentiation and local adaptation are the very essences of paraméirdismto the
abstractness and thus opmmdedness of its general heuristic principlés adaptation to
gualitative context elements remains a challenging con@ris&chumacher, 2009b)

The notions otontextidentified by parametric architectural theorists appear to be differentiated
from the historical concepof context This leads us to question haentemporary parametric
thinking aboutcontextrelates to its historical definitiondlasr(2015)identified three poles of
reference from vernacular architecture that should be considered contextual masigite, and
materials. Borrowing from vernacular architecture, she proposes timab is at the center of the
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nonphysical, sociapolitical, economic, and cultural environments. Th#eo is the physical

environmen{i.e.,where the building si)jsand isdefined by the site conditior§e.g.,views, trees,
land topography, urban morphologndclimate. Meanwhilei raterial® represent any building
materiabused in constructio@onNwakalo, 2018)But how do these three componeatsontext

apply to parametric architecture?

Answeringthis question requires a precise understanding of theftecno n el ksturdderlying
components. Understanding the meaningpoitextis crucial in this exploration, but it's not limited
to merely decoding its definitiorsince thathas and iscontinung to evolve over time. A
comprehensive review of this term entails analyzing its denotation, connotation, appieattn
interpretatios in different architectural styles.

This comprehensive analysis enables us to assess demgtance in parametric architecture.
We have already seen thaintextin parametric design is related to physical and environmental
aspects. Howevercontext in architectural desigrencompasses far mordherefore, we
hypothesize that there is a gap in the definitiocooftext. More specifically, there is a dagtween

the historical definitions ofi ¢ o n inanchitextural design and the contemporary definitions of
A ¢ 0 n in@atametric archéecture

The corepurposeof this research is to answer the following questiémshere adiscrepancy in
the meanings and used ficontexb as elaboratedh the literature of parametric desigvhen
compared to that of vernacular architectuifeso, what are the components and elements that
constitute this gap?

2.2.4.Methodology

The topi@s novelty and lack of rigorous previous research in this area are two main challenges in
determining an appropriate method to conduct this reseatethereforemployamulti-method
researchapproachincluding deductive, quasieductive, and inductive approaches. Three main
stepsweretaken in this procesand theyare explained in detaih Figure?2.

2.2.4.1.Defining and Developing a Hypothesis

The research stad with the formulation of ayeneralpreliminary hypothesis emerging from@n
investigation and observatioof two architectural discourses t h a't oédndthat @fnt e xt @
fiparametric architectur@.This hypothesischallengespreconceived theoriethat state that
parametric desigprovidesa contextual approado design However,in reviewing the broad

literature on how parametric architecture addressegexi we hypothesize that parametric
architecture leads to provocative architectfioams that do noaddress contexal concerns in

theirfull breadthOverthe course of data collection and anedy#is initial hypothesis was revised

to account foemergent data and understanding.
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2.2.4.2.Qualitive Discourse Analysis an C o n,b ldextifying Main Pillars

In the second step, we explored the different meanings and epistemologiesitextt in
architecture through a literature review and qualitative discourse analysis. Our analysis revealed a
proliferation of definitions for the teriit ¢ 0 n \oeosstvarious architectural domains, leading to
several distinct meaningSubsequently, we conducted a systematic classification of these various
definitions into clusters of meaning. However, these clusters were preliminary, and after a
thorough literature review amdvisiting our initial clusters, the researcher refined and synthesized
them into seven major domairtsiltural, historical, social, physical, environmental, political, and
economic. These domains were identified as the key pillars of architectutalxt We should
recognize that the domains and, subsequently, the components (which will be introduced in the
coming sections) are a hypothetical, heuristic, and preliminary classification that would benefit
from a more comprehensive examination and precieitifens. The researchealso examineg

the concept ofontextthrough a historical lens orderto evaluate how the definition has evolved

over different architecturaémporalities

2.24.3AssessinfPar amet r i c Abilitgth AddressConiext'e 6 s

In the third step, we evaluat¢he degree to whichontextcould be integrated into parametric
architecture.To achieve this, we caed out three main processes: dleconstructing the

components ofontexf Il) evaluating their urban and architectural scale, anddiialing the gap

(see Figure 1)

I.  Deconstructing the Components of ContextFrom previous discourse analyses, seven
prominent domains of context had emerged. However, we found that these domains were
too broad and abstract, making it difficul
this issue, we further decomposed théemains into finer, more detailed, and tangible
parameters. This provided us with a more comprehensive and holistic categorization of
context. By extracting available meanings and creating subtle categorizations, we could
then determine if each compon@oauld be incorporated into the parametric design. This
process involved a systematic categorizatd.i
based on architectural literature. The resulting theoretical grid allowed us to examine each
definition and categry within the principles and characteristics of parametric architecture.

[I.  Evaluating the Urban and Architectural Scalesof Context The previous stepided in
providing abetter understamag and minimizng the ambiguityinherent inthe concept of
context.Ilt madeit easier for us to study whetheemponentsvereparametrizable or not.
However, these componentgiftiifferent characteristics and reldte various scales, such
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as the urban, neighborhood, or building scale. Understanding the scale of concern for each
component providia new metric for classifying them and determining tladility to
parameterie.

Revealing the Potential Gap in the Address of Context for Parametric Desigmfter

the systematic and comprehensive classification of the obtained grid, we assessed which
components of context could easily be incorporated into parametric architecture and which
were difficult or impossible to incorporate. The main criteria for évaluation was the
componentsd measurability and the scales
understand the extent to which parametric architecture addresses theuadmédevance

of a site. Furthermore, it allowed us to reassess our initial hypothesis and modify it
according to the different relationships between context components and parametric
architecture, since the initial hypothesis could not be generalizé@dllagpects of context

in architectural literature had been determined and their relationship with parametric
architecture had been understood. This final process is inherently inductive, as it constructs
a theory based on an updated hypothesis.
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Figure2. Research steps and methods

2.2.5.Results and Discussion

Based on the aforementioned method, we formulated our first hypothesis: The definition of
Afcontexto used for parametric design is entir
developed and continues to be adopted through the architdustaical lens. According to

Hussein (2020)his difference is mainly because after the emergence of digital approaches that
codify the design process, tying its output (including the dimensions, type, and function of its
tiniest components) to mathematical numbers, makes the interaction betwerluaisl and the

built environment extremely tricky, even limited. However, in prior architectural practices the role
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of the human in the design process had been significant. This contradiction in the definition reveals
a gap in defining context in parametric architecture. As seen in historical architecture, context
encompasses a broader meaning involving social, cyltmstbrical, political, and economic
concerns as well as the physical sett{@izgen, 2012) however, in parametric architecture,
context refers to measurable and tangible parameters such as physical and environmental
parameters. To confirm this hypothesis, we conducted a literature review to build a theoretical
framework of context definitionsand discover the different epistemologies of contextual
architecture. Our literature review begins with the modernist architectural movement of the
beginning of the 20th century and culminates in the contemporary literature of parametric design
and archiiet ure. The | i terature review entails the
term is described, defined, or used. As described in the following paragraph, context connotates
different meanings in architectural discourse, from cultural, soara, historical aspects to
environmental and physical elements. As we categorized the various definitions and themes from
the literature review, we provided a brief definition to clarify the themes within each of the
following areas.

2.2.5.1.Main Pillars of ArchitecturalContext
.  Cultural Domain

The cultural component of a site goes beyond the pisj¢etritory. It should also include the
architectonics of cultural transformations within the region or country. These expressions of
architecture as linguistic manifestations reveal a certain meaning through an apparatus of
vocabularies that are both fixed and dynamithese vocabularies are developed through a
continuous interpretation of the architectural site, allowing for a constantly evolving language of
design.Having a semantic link, this cultural interpretation of the site either reproduces existing
forms or invents new ongfadoine, 2017)Cultural logic emphasizethe preservatiomf the
variety ofexistingbuilt cultural archetypeanda concern for cultural continuity expressed through
the transformation and reuse of traditional construction techniques, building typplagies
settlement patterns, each with a history of local evolution andgMisdulian, 2011)Context in
thecultural domain also involves interacting with people and invoking their particigitissein,

2020) In other words, tis type of context alludes to thexpressivity of architecture and how
people connect with buildingBeyond the realm of dogmatisation or any sort of stereogyue,

if it is well-explored by architectghe strengtheninghe cultural context of a place, which can
provide valuable insights into the behavioral patterns of that cukhireis a pertinent schenfar
projecting concrete signals of modes of spase into future projectis a mannethat does more

than simplymimic the empy form (Radoine, 2017)

Il Historical Domain
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The historical aspect aontextin architecture refers to the nature and extent of the relationship
between the historic or add parts of a city or site and the newer, more contemporary.dteas
looks at this relationship over timend studieshow it has influenced and shaped the built
environment(Tabarsa & Naseri, 201.7Yrbaniststendto create a seamless connection between
the old and new physical environments to integrate the past and present contexts and establish a
cohesive and appealing environment for liv{iigvalayi, 2007)As cities continue to grow and
evolve, it becomes increasingly important to preseorae oftheir older structures and heritage

in order to maintain the unique character and vitality of the urban environfiegge existing
structures will exert even more influence over the character of the new infill architecture and enfold
the remaining spaces. The new emphasis onctimtext of cities and the respect for older
architecture will continue to remind people of an earlier age as they are drawn back into previously
abandoned parts of cities that now surge with renewed($itedoudeh & Abdullah, 2012)
However, there is a nuance between the context's histotittatal and social aspects.

1. Social Domain

Buildingsdo not merely refleatulture and urban histgrthey arealsoengaged in the reproduction

of social relations, both as monuments or more prosaic signs and symbols in communicating social
meaning.(Goss, 1988)Buildings can act aBsocially classifying devicégKing, 2010)and can
become powerful metaphors for social relati(idgvey, 2014; Markus, 2013; Sennett & Nicholas,

1995)Lef ebvrebds theory of the production of spac

to human activity, but that it is actively produced through social and cultural practices. He proposes
that space is produced through three interconnected pescdabe lived, the perceived, and the
conceivedThe concept of lived experience refers to the embodied social experience of space and
how individuals interact with and experience space in their everyday(lieésbvre, 2012)The

idea that every work of architecture reflects the society that produced it is rooted in Marxism, as
noted byYanevain 2017 This perspective suggests that the built environment is a reflection of
the sociainteraction anatonditions of the time and place in which it was created.

Ingold's (2000) theory on the social construction of spammphasizeghat space is not an
independent entity that exists separately from humans, but rather it is created and continually
transformed through the interactions between humans and their environment. This interaction is
not merely occupation or representatidnis a dynamic and ongoing process that involves the
active participation of humans and their surroundifiggold, 2000) Therefore, buildings and
space have an important role in the social construction of national idéDétgnty & Jones,

2002) The built environment is forced to express, clawiyreinforce diverse kinds of identities
(Vale, 1999) In this way, architecture strengthens and improves community idevigsall welt

being andquality of life. For examplan designing a residential complex, improving social value
through the built environment can refertb@ consideration dactors that enhance inhabitaits
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social interactions and resof/the spatial fragmentation a@irchitecturalsites(Radoine, 2017)

For another exampleuppose a building designer uses local materials. In that case, community
businesseare improvegand locas of theregion will haveaccess tgobs, which in turn,leads to

an increase in the quality of their lives.more profound way of improving welleing would be

to reinforce individual identity and consolidate communication between people and the built
environment. Aside from mentioned subjective and intangitaéextcharacteristicg;ontextmay

also apply to urbaphysical and environmental aspects.

IV.  Physical Domain

Physical domain refers to the actual physicality of the built environment (i.e., the aspects that relate
to bodily experiences as opposed to experiences of the rRiasgarch mainly defisghysical
aspects as tangible and measurable parami@egysmaterial, shape and size, proportionality,
utilities and preexisting urban forms(Radoine, 2017; Tabarsa & Naseri, 20Arghitect Tadao

Ando $philosophy highlights the importance of considering the overall composition of a building
and built environmentas well as the wayts various parts fit together. He compares the
composition of a building to the way the parts of a body fit together, emphasizing the idea that
every element of a building should be carefully considered and designed to work in harmony with
the overall sicture(Ando, 2002; Radoine, 2017)

The physicality of the built environmerguch as thehape and size of a buildirgan be influenced

by the surrounding urbarontextand environmeratl conditions For example, buildings in densely
populated areas may need to be taller and more compact to accommodate many occupants.
Additionally, the materials used in construction may be influenced by the climate and location of
the building, as well as local building codes and regulations.

V. Environmental Domain

The environmental layer integrates the buildwgh its site as a dynamic living system,
encompassing key factors such as energy use, daylighting, air quality, precipitation, day and night
temperature fluctuations, airflow, the skgglar radiation and vegetatiorfTabarsa & Naseri,

2017) The new project, with its sustainable design, thus enhances tgepsitential instead of
imposing an abstract machinist design on it. There is no doubt that the human spirit can perform
wonders on its own, but when it works in tandem with nature, it becomes an integral part of a
whole cosmological equilibrium(Radoine, 2017) Site environmental design encompasses
ecological adaptatignbuilding footprint and dispositignenergy consumptignlandscape
integration land size and territorialifyfauna and flora conservatipand topographical and
geological hazards and risRadoine, 2017)Thereforewhena projectpursues partially or fully
environmentally friendly designit can be a generator of good practice and may subsequently
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drive a continuous synergy to foster embedded environmental potentials via other projects
alongside i{Radoine, 2017)n contemporary architectural practices, environmental concerns are
often focused on mitigating negative impacts. However, historically, architecture and urban design
have considered environmental factors as intrinsic components of the design procesg,thiew
climate, site, and building as a whole integrated system

VI. Political Domain

Kenneth Frampton explains that the contingent nature of architecture as a practice is conditioned
not only by its own technical methods but also by productive forces lying outsid¢rtsatipton,

1991) Heedi ng Framptonods cal I, Vi brant resear
contingent nature of architectural production by drawing attention to the role of clients, state
regulation, the popular media, and land legislatidones, 2009)Goss (1988)xplains that
architecture can be a product of politics. What gets built is strongly conditioned by the structure
and dynamics of political power in society; how and where it gets built is subject to a host of laws,
codes, standards, and regulations tefiect the interests of political powers and pressure groups.
Henr i Lefebvre (1971, 31) Also argued that sp
filled wi t(lkefebvrd etall, B0d7A)tdassaopolitical product because it results from
contradictoryand conflictingstrategies, representations, appropriations, and practices. Moreover,

it is a political product as it is quite obviously subject to public policies: enacting urban policies at
the national or local scale certainly echoes the vision of a specific andtesiralution of society
(Busquet & Lavue, 2013Architectural forms driven by these forces have political significance

and always carry political meaning; it is produéeain political conditions and has political effects

and consequencé¥aneva, 2017)An example of the reflected political system in architecture is
Fascist architecture, known for its grandiose and monumental style, withstaigebuildings,

squares, and classical motifs. This type of architecturstaimommunicate power, strength, and
permanence and was used as a tool of propaganda to evoke a sense of nationalism and pride in the
regime and its achievemer{igaylor, R, 2016 herefore, we refer to the legislations, city master

plans, and local and national forces reflected or embedded in the built fotinescastext of the

political domain.

VII. Economic Domain

Contextualdimensions are not limited to the physical, social, and cultural donthiexgalso
possesa longstanding and close link with dominant economic inter@&seva, 2017)In other
words,aswell asbeing shaped biureaucratically codified state regulations and environmental
forces,architecturas also fundamentally conditioned by the broader econéintico n tn &hich 0

it is commissioned, designed, and understPtaheva, 2017)These economic factors directly
impact urban morphology, land use, urban construction, urban areas of new growth, and population
filling the urban interior spagg.. Zhao et al., 2019)or instance, the land price can be one of the
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primary economic forces that significantly affect urban morphology. In areas with high land prices,
high-rise buildings generate profit by maximizing urban land, stacking floor upon floor as
machines to make the land pay. On the other hand, in suburlaantheland price is not as high

as in downtown areas; factories are profligate of land, spreading out over acres, making the land
pay through saleable outp@immerman, 2019) These economic forces divide cities into
different segmentshe corporate city of highise office buildings, the old dying industrial city,

and the immigrant citySassen, 1996This hierarchy of urban arrangements, from costly parts of
the city to the low land pricéjnts atthe economicontextof each neighborhood.

Material selection in building construction or renovation can be considered another factor that
highly depends on the econonaigntextof the settings. This means that building material values
highly depend on the inhabitadtconomic situation and the neighborh@etonomic statudn

some cases, architects use a very modest construction budget and reductive design strategies, or a
consumerism way of design based on the neighbodoascbnomiccontext In a case study,
Michiani & Asano (2016)indicate that house material selection in their case study region
(Banjarmasin, Indonesia3 considerably related to the financial status of the inhabitants since
cheap materials are preferred for housing renovation or improvefikeoitthe economic factors
mentioned including land value, material selection, the financial situation of inhabitants, and the
value of rent in the neighborhoddave a direct impact on the built environment. This impact can
often differ significantly from what wasriginally planned. Therefore, it is crucial to consider the
economiccontextand forces when practicing contextual architecture

2.2.5.2.ContextConsiderations in Historical Architectural Design Approaches

The architectural style plays a crucial role in shaping the site composition. However, it cannot be
classifiedexclusivelywithin one ofthe seven discussed domains as it is a combination of all of
them. To shed light on the complexity of the role of styles in the architecmgxi we will

briefly discuss the dichotomy between definitiafigi ¢ o n inengdern and postmodern styles.

In the modern era, fast urbanization and modern urban planning led to expungingrblategh

traces on the site. Although modern cities have generated an urban order of their own which is
confined within a specific territory regardless of local memony stbcial aspect of a site remains
nonetheless resilient to any rapid change, and it belongs to a larger communal and territorial
framework(Radoine, 2017)Therefore, the physical order and building itself become the only aim

of the buildings design in modernism sincégbksuponcontextas an overly scientific, pragmatic
attitude(R. Beaver, 2006)in other words, in this style, buildings miag incompatiblevith their

social and culturatontext,butthefocusis on the buildingshemselvestheyhave the pretense of
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standing alondCizgen, 2012) Buildings designed by the modern mindset can hardly act as
culturally and socially representative of their commuratydthey aremerely superficiabn the
manufactured and physical legglMelhuish, 2005) Consequently, it created structures that
distancedthemselvesfrom the outside world, declined social and communal cohesion, and
decreased the quality of the built environm@htSchumacher, 2009b)

Vernaculaism andcritical regionalism are two responses to overemphasizing th® pitgsical

and pragmatic aspects his 1973 boolArchitecture for the PogrFathy, a vernacular architect,
challenged the inability of modern architecture as a sophisticated building process to produce a
more genuine communal and environmental physioakext(Steele, 1992)He exposed how
modern and imported practices were isolated from the spirit of p@ckhow theyinvolved
architect selfimageand not peoplés will (Radoine, 2017)}rampton (1993griticized modern
architecture and stated thiatshould be fed with the site and regiobalsed values to create
architectural unity between the product anddbmetext In hiscritical regionalism description, he
states that architecture became reduced to just an aesthetic skin that facilitates marketing
(Frampton, 1993)Critical regionalism was proposed as a "tool" to resolve the conflict between
funiversal civilizatio® and Alocal cultur® ( ia.censideration of "local" and "direct
experiencey" (Kalkatechi, 2009) Therefore, context encompasses the broad meaning in
vernacular and critical regionalism compared to what modernism delineated.

In contrastthesemovementsare seriously criticized for hothey refer to architecturatontext

For instance, Koolhaas describes contextualism in the postmodern era as a set of stylistic
manifestations, which is a common characteristic of margpted ideas in architecturehis way

of contextualism consideratiomeferred to red brick buildings being built in red brick
neighborhoods angingerbreaestyle architecture in areas with similar structuiféssbitt, 1996)

In essenceKoolhaas views context as a thing of the past that focuses on preserving certain
buildings and their right to exidn this case, @antextual relevancy is apphg outdated conceptual
structures that increase the rift between the discipline of urbanism and the real forces shaping the
present. Besides, old theories of urbanismaofaras they are the wrong tools for looking at the
present, are repressive veils keeping us femressingan authentic experience wfat isreal
(OtercPailos, 200Q)However, context encompasses more tharely tailoringbuildingsto their

physical setting or urban morphology. It refers to a connection between a new and past that makes
the built environment more understandable for communities.ifsdance Melhuish (2005)
explains that local populations understand Bilbao's Guggenheim or Helsinki's Kiasma as powerful
media images designed to transcend local conditions, to speak to and draw in a global audience.
For the populistand downmarket end of architecturee(, basic construction)contextualism
equates toa response to ideas of traditioraichitecture involving the masgroducedand
superficial reproduction of familiar image@lso circulated by the mediahat represent
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recognizable ways of life armbmmon societal aspiratiofise.,brand recognition With thisfalse
understating of conteX¥Vright's Guggenheim Museum, Kahn's Yale University Art Gallery, Pei's
Hancock tower(to name a few), may have never been bdiltese projects are considered
fragmented objects in the community with little coherent relation todhtext however, they are

the landmarks of the urban fabric and irreplaceable milestones in architecture Riseefore,
althoughcontextualism's primary aim is to ensure continuity within a given context, it's also crucial
to document the evolution of architectural styles as they are expressed in physical stfictures
K. L. Tan, 1992)

2.2.5.3.Components of Context

We have analyzed the broad concept of context by dividing it into seven overarching domains and
explaining how historical architectural approachaseimpaced it. However, these definitions

are stilllacking in that they argubjective and intangible. Is it possible to simplify them by breaking
them down into tangible and objective parameters? Although the concept of context in historical
design approaches and politieaonomic domains may seem abstract and complex, the other
domains can be further digsed into finer details anghoresimplified parameters.

Therefore, we will focus othefive tangible domainghathave more potential to be decomposed

into specific and refined detail componentsocial, cultural, historical, physical, and
environmental. Our aim is to define the compongatdifficult task to accomplish with brevity)

rather than have a vague overall definition of the concept. Once these components have been
differentiated and understood, we can then move toward a more comprehensive explanation of
A ¢ o ndThixprocess has emerged from outadzollection methodology, where we attempted

to categorize our findingsTable 1 shows the definedcontext domains, along with their
component&and descriptions. However \vtasnot possible to assign all components specifically

to a domain, as there are intersections and overlaps betfwesgtmmains. For example, the sense

of belonging or symbolic codes are attributed to the cultural domain, but they can also result from
the social aspect abntext
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Tablel. Five Overarching Context Domains: Their Components and Descriptions

DOMAINS

Context
Components

Descriptions

CULTURAL

Tectonic Forms (language of forms)

As cited byFrampton (1993)ectonic was first defined by the German aesthetician Karl Botticher in hisDiedkektonik

der Hellenen( 1 8 STekjonik® r ef erred not only to the activity of 1
activity that raises this construction to an art form. The functionally adequate form must be adapted so as to giva &xp
its function. The sensd bearing provided by the entasis of Greek columns became the touchstone of this cohekefunai.

In other words, tectonic can also refer to the poetics of construction. As exemplified in Sekler's research, the notion ¢
tectonics refers both to the designed result, representing a form of knowledge that can be pointed out in actual desig
and toa call for a critical awareness at a methodological level, representing a form of knowledge that can be expresst
verbally (Sekler, 1964)This knowledge and tectonic practice suggest a possible way to produce cultural continuity in
variation, and the tectonic form reveals mé@Bmwad998onsc
Frampton also argues that architectonic strategies help cities recover their cultural(Beasipton, 1993)Frampton
believes that cultural principles reside in architectural form; he supports the tectonic discourse rather than the geeno¢
based representation of a facéBgun, 1993) Moreover, as Marco Frascari and Vittorio Gregotti claim, as citetll Ansari
(2011)Tectonics is expressed in relationships between part to whole. Materials, texture, surface, and joinery are all ¢
articulating specificities of culture and conté&t-Ansari, 2011) Amos Rapoport claims culture is a set of codes embedd:
the built environment; assuming that is the case, cultural codes could be deciphered by analyzing a building's tectoni
propertiegRapoport, 1987)

Site
Heritage

Archaeological heritage on the site is a tangible cultural site element that is rarely explored in design and thereby ren
problematic. With the contemporary drive for design to be extremely modern and imposing, heritage and archaeologi
elements oftte site have been reduced to a set of frozen elements that are not necessarily considered in the design
(Radoine, 2017)

Symbolic Codes

Culture can be understood as communication, with signs and symbols being the modes of comm({Etoati®80)
Building and urban fabric are the main means of communication in the cityscape. There is a need for an environmeni
not simply well organized but poetic, symbolic, and communicative. It should speak of the individuals and their compl
society, their aspirations and historical tradition, the natural setting, and the complicated functions and movements of
world (Lynch, 1984) This environment consisting of the various shapes of buildings adds up to a kind of visual langua
which provides a different sign for each kind of build{(A)RNHEIM, 1977) In his 1977 bookl.earning from Las Vegas
Venturi considers postmodern architecture based on signs and symbols. He notes that architecture, in its perception
construction, depends on previous experiences and sensory participation. These symbolic and expressive elements
contrast withbud i ngsdé f or ms, structures, and pl ans. However,
cultural relevancyN. Shi, 2018)In a discussion on city landmarks, Lynch notes that city signs or symbols are frequent
used as clues of identity and even of structure and seem to be increasingly relied upon as a journey becomes more ¢
familiar (Lynch, 1984)

Authenticity

and Sense of

Place

Jackson, (1994,15758)d escr i bes the current rel evance of fisense

quality of its environment and possibly its attraction by causing a certain indefinable sense of wellbeing that makes p
want to return to said placksaacs (2000¢xplores the application of sense of place to perception and quality of places ¢
urban design. However, our concepts of zoning and the law, our abdication to planners, and our habits result in thefi
seldom buil d #Apl acoadrditng dolleditne o fdeestandimg objects unfetated to each other or thei
particular place. This decreases the cohesion of the place and consequently degrades the sense ¢Rimoppac2008)

Assimilatio

n and
Richness

Assimilation as a cultural context component ref eras
place (i.e., the ease of understanding a pl@te3sein, 2020)The richness of urban space is measured by its ability to
provide users with different activities that they can enfblyissein, 2020)
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HISTORICAL

Site History

Each site, be it untouched or previously used, has a memory of use and a story. Therefore, there is always a pattern
use that can be tangible or intangible. The tangible part has material evidence that varies from a simple pathway %o a
sdtlement. The intangible is often found in the narrative and myths generated by users dveistinteat philosopher Paul
Ri coeur describes as the Amythical a n(Ricoeur, 1965 @A6Ptisa n d
essential to establish a dialogue with the projeetods
course that the design will later tafigadoine, 2017)

Memorable and

Landmark

Buildings

Historic buildings are landmarks and symbols of ciiggich, 1984)

The new building should "integrate harmoniously" into the old surroundings, not break "the balance of the compositio
(Arnoth, 2005)

Totality
(Unity of

the entity)

An approach to urban planning/architectural design (4195M) that considers the city in its totality; it is the view that the
experience of a city is greater than the sum of its parts. All architecture must fit into, respond to, and mediatendsgsrrc
(Burden, 2012)

SOCIAL

Individual

Identity

Identity is what distinguishes every individual, group, population, or culture from others. It differs depending on thersc
nation in question and is an expression of a kind of unity, solidarity, uniformity, persistence, integrity, -aindsineness
(Moharami, 2004)Individual identity in the city context refers to elements added to urban space by users to express tl
identity. Users are motivated by the urge to develop and improve and the desire to determine or modify the mental in
the urban spac@ussein, 2020)The concept of place identity entered
growing awareness of the lack of identity in new towns shaped according to abstract notions. It was argued that spac
becomes a place when people attach meaniigtt/ RAZ & BALAMKR, 2006)

Sense of
Belonging

The collected cognitive images establish the cultural capital around a place, where physical elements become ancho
individual or shared memory. For instance, the ritual or frequent use of a space can create an intense sense of belon
(Radoine, 2017)The cultural sense of belonging involves a great deal of convergence between the neighborhood and
community. The residents identify themselves, their lifestyle, and their internal community as something different)(or
than what they can find in a¢hareagJgrgensen, 2010)

Communica

tion

Charles Moore defines communication as "the making common of some property to a number of\tuogs"2004)
Although the terms community and communication usually refer to the relationship between humarClapiog$1999)
mentions that "communication may also be between buildings or even between people and buildings." Capon (1999)
that buildings talk to each other, and, similarlynce
(Capon, 1999)

ENVIRONMENTAL

Climate
Factors/Nature

The contextual awareness does not stop at the site boundary: it is reflected in a concern for the global environméme t|
choice of materials and a responsible attitude to the use of energy and other r¢Steaces& Steemers, 2004)pesign

irrespective to climatic conditions, such as wind orientation and velocity (ventilation and air circulation), solar dmrside
humidity, etc. means either to create uncomfortable indoor environments or to increase the need for maintaiaing ther
comfort through artificial mean®odach et al., 2014Regarding nature, Christian Norbeé8ogc hul z wr i t es t
vegetation and water make a place meaningful. [ é] I r
objects of mandés orientati omlamsd (Noberg8chen20d®t i on, anc

Topography

Mario Botta as referenced Hiirst (1993)mentions that every work of architecture entails the construction of a site. The
and its topography are not isolated objects; on the contrary, it is an entity that takes root in a distinctive plasee&sohi
the territory is an integral paof the project and its context and never an incidental element. From this point of view, it ¢
said that architecture is the discipline that, instead of building on a site, builds tijdirsite1993) Frampton (1993also
highlights the importance of paying attention to the site topography. The author mentions that the bulldozing of an irrt
topography into a flat site is a technocr athamptog, 993)u r
contrast, the terracing of the same site to receive the stepped form of a building is an engagement in the act of"¢héi
site" (Frampton, 1993) It has been observed that vernacular architeetffieetively utilizes topography to create comfortab
interior environment¢Hazbei et al., 2014, 2015)

PHYSICA

Proportional

ity

Proportion systems in architecture play a major role in aesthetic decisions of ordering shapes and masses of building
har moni ous ways. Vitruvius writes of proportion: filas
work,andthewhbe t o a certain p@&owandsteHbwe 200d)d Ad b ea tst alrrdamaeds
harmony of all the parts, in whatsoever subject it appears, fitted together with such proportion and connection, that ni
could be added, di mi ni Corsdl97G\Webarl& i anerel®93) b u t for wor se
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Scale

Johnson (1994 ot es t hat we should A[] A]l ways design a thing
room in a house, a house in an environment, an envir
understand the local contexte broader context has to be taken into accfurgnutt, 1987)For instance, different scales ¢
contextualism can be considered, ranging from the urban skyline to the minute details of an(Sutriaieh & Abdullah,
2012) In architectural and urban practice, what this implies for the design process is a need for a better consideratior
existing urban and architectural patterns and forms to arrive at an appropriate scale following a careful understaading
reciprocésize of projects in both rural and urban developments. Therefore, a proportionate relationship is to be estab
between size and scale to create an architecture of sense and not one of ephemera(Ragbioea 2017)

Material

and
Compositi

on

Which of the materias wood, glass, or stodeis contextual, and which are not? Building materials, the shape of the
building, etc., could consider types of expressiginich may not be clearly distinguishable in physical sp@caurens, 2008)
Using local materials ensures that a visual relationship with the surroundings is created.

Coherency

Coherence is a mostly unconscious judgment in which many pieces of information (e.g., representations of concepts
and actions) are combined until they fit in a satisfyinggvay a | € Kk kK an & MaAexahder 2002gxplahtha? a
integrity, or coherence, is the objective condition of a spatial composition that is measurable and occurs more arfless
part of the space. Spatial coherence can be described as the wholeness of arikpattenposition. It can bachieved
when a composition is proportional and balanced and the independent components are integrated in(blazivbioge
Cucuzzella, 2019a, 2021, 2019b; Smith, 2010@&)impossible to enjoy an individual building if it does not belong to a
suitable environment that constitutes a coherent pi¢fatenson, 1994bA building is coherent as a whole within itself; it i
similarly necessary to relate buildings both among themselves and among the environment they find ther(Gap@s, in
1999)

Skyline

The skyline ensures the connectivity and continuity
skyline and the nearness of composite parts (e.g., a cluster of buildings) facilitate the perception of a complex alitysic
asone or as interrelated block or unit, the qualities which suggest the bestowing of single (Hentity 1964)

Harmony/Fitting

The architectural elements x and y harmonize, meaning that their spatial proximity confers a positive aesthetic vakie
whole composed of x and {De Clercq, 2011)in MerriamWe bst er 6s col |l egi ate dictio
proportion, fitting, or joining. Harmony could be understood as the adaptation of the parts to each other, intended to f
connection to the whole; such an agreement between theediffgarts of a design or composition produces unity of effect
(Staff, 2004) Le Corbusier defines it as fAharmony reigning
spontaneous, indefatigable and tenacious quest of man animated by a single force: the sense of the divine, and purs
aim: to make a paraglie o0 n (Cerhusiér,?@00)

Orientation/

Urban
Morphology

Goethe took morphology as a science dealing with the very essences ofBahlimsk et al., 1977)However, urban
morphology refers to the physical configuration of urban areas and urbaifuioction relationships. It refers to the physice
complexities of urban forms of various scales (i.e., from individual buildings and plots, tebdbaet, andhe street patterns
that make up the structure of towns). This helps us understand how towns have grown and dgzeldped, 2005)

Color

Urban colors, as one of the most critical components of context, pose as one of the most vivid forms representing cit
A harmonized and consistent city's colors establish a unique and spectacular scenery and contribute to the overall ci
(L. Y. Li, 2015). People select colors in their surroundings, exhibiting a taste for certain combinations and avoiding otl
ficoll ective eyed seems to guide these choi ce scomanedhasr
much a part ohuman coding in cities as their signs and sym{@kernoff, 2000)

Building
Density/

Pattern of
Topoloay

The concept of density in urbanism is frequently used to describe the relationship between a given area and the num
entities in that area. However, it also plays a role in discussing the preferred urba(Bemhsiuser Pont & Haupt, 200%)
refers to how city buildings are organized and fuwbame
fabric density leads to different city topologies. Here, density is not represented as a mere numeric ratioydarfatensity
represents how the urban fabric is experienced, perceived, negotiated, and contested as people live in and move thr
city(McFarlane, 2016)

2.2.5.4.The Varying Scales @ontext

As webrokedown thecontextcomponents, we realidehat they represent different scales. Some
corresponddto the overall city or a country, and othereremore detaHoriented, ranging from

a block to a building. In his "Bigness" theory, Koolhaas explained the importance of scale in
analyzing built environmen{¥oolhaas, 2014)He introduces the following equatidiBigness=
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urbanism vs. architectuve¢o describe the effect of a group of large buildings on urban collective
space. He states that a big building, because of its scale, cannot be controlled by architectural
gestures, and it must be composed of autonomous thatteemain committed to the whole.
Alberti's metaphor of the city as a colossal house similarly sheds light on the concept of scale
(Alberti, 1991) Alberti characterized the city as an expansive house and the house as a microcosm
of the city. He posited that when each room within a house is viewed as a miniature building, the
entire house can be perceived as an amalgamation of diverse parts néalstiticw to the whole.
Conversely, when the city is portrayed as a house, it underscores the idea that the city is a unified
entity composed of elements that may vary in scale but together form a cohesive whole. This
perspective emphasizes the intercarteeness of urban and architectural scales, recognizing that
diverse elements within the city contribute to its overall functBesides, the lack of coherency
between interior and exteriespacesan be seen in larggcale buildings. More importantly, scale
affects the role of building in a city; for instance, big buildings are no longer considered good or
bad because their impact stands independent from their q@&bglhaas, 2014)Given the
importance of scale in urban cohesion, urban qualities need to be considered on an appropriate
scale; otherwise, they might lose their meaning. This highlights that built environment qualities,
especially contextual relevancy, must be understaod considered on a reasonable scale.
Sotoudeh & Abdullah (20129xplain different scales of contextualism ranging from the urban
skyline to the minute details of an interior. Tracy Nasr (2015) proposes the determination of both
At he physiplysichl ataibuds noofn t h e contexte. dher@ear eontext) and
regionalcontext(i.e., thedistant context).

With that in mind, we examined the scope and interrelation of the context components from
previous sections to analyze their importance, clearly understating their role in urban fabrication
and eventually compatibility with parametric architecture. Aldus measurement avoids
comparing items that are not of the same scale or scope. We classify context components into five
scale categories, from country and region to a building details scale.

1 Thefirstcategoryif Co u nt r y in®hich buitdings should be compatible with their
broader context withizountry limit and broad geographical context.

1 The second categoryisRe gi on & s uand itoconsidkis the relationship of a
building with adjacent buildings at a visible distance. For instance, the relation between
historic sites and new layout views in the city would fall under this catddatyarsa &
Naseri, 2017)

1 Third, thei Di f f er ent zone of b wontexd scadegcongiders thatr i or /
the building may not necessarily link with the adjacent environment but instead with its
own zones. Finally, the last category considers a smaller scale that adtrekieg
elements and details This scale confirms that a building can be complete within itself,
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meaning that the relationship of buildings within the context of its{@apon, 1999)See
Table2)

Table2. Scope and scale of 'context' components

Context domain Components of  Country & Region & Different Element of
context city surroundings zone of building/details
building
(exterior/
interior)
' Individual Identity ° °
Social Communication ° ) °
Sense of Belonging ° ®
Tectonic forms ° ° °
(language of forms)
Heritage ° ()
Cultural Symbolic Codes ° °
Authenticity and the ° )
Sense of Place
Assimilation and ° °
Richness
Site History ) )
Memorable and ° °
Historical Landmark Buildings
Totality . . . °
(Unity of the Entity)
Climate ° °
Environmental Factors/Nature
Topography e
Proportionality ° o °
Scale ) ) ()
Material and ° ° ° o
Composition
Coherency ° [ ] L
Physical Skyline ) ° o
Harmony/Fitting ° ° ) o
Orientation/Urban ° °
Morphology
Color ) ° ()
Building Density/ ° °

Pattern of Topology
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Table2 shows that all the context components fall under the categéRegfion &surroundings)

and thathef Gunty & cityo categorycontains a majority of the context components as. Wik
implies that, in generatontextcomponents are related to a larger scale rather than to the building
zone and details. In other words, social, cultural, historical, and environmentektelements

are tied to the city and region as they are subjective and intangitdenatively, physical
parameters are more corretht® the immediatecontext including the building zone and its
details. Neverthelessgcenomic and political forces were not considered in the scale classification
because they are abstract, and it is clear that they belong to larger contexts sutbasithe&
cityoandfi Bgion& surrounding oategories.

2.2.5.5.What is the Gajn the Address of Context in Parametric De&ign

The results obtained from the exploration of context definitions across eight domains and the
subsequent breakdown of each domain into more tangible parameters, followed by the
categorization of these components on four scales, shed light on additiatal daécontext.'

These facets are of potential significance, distinct from those addressed by parametric approaches,
yet often overlooked. These aspects are highlighted as folosts as noted in the literature
review, parametric theorists claim tharametricism refers to various ideas that drive the current
design culture, including aesthetic, philosophical, and political agdiftede & Shvartzberg,
2015b) They define parametricism as a contextual, cultural, and aesthetical paradigm. However,
our research resul{SeeFigure 3) show that, when considering a broader definition of context
(i.e., one that includes cultural, social, historical, environmental, and peétcalomic aspects),
parametricism can only address quantifiable or measurable factors such as climate and physica
site-specific elementsince they are quantifiable antkasurableAs we streamline and categorize
context domains, we find that qualitative domains such as political and economic factors, although
they can be quantified to some extent (e.g., land prices, material production costs, and energy
saving measures), encompasgreater level of complexity that cannot be simplified solely by
architects. They require more profound interdisciplinary research in the field of paitmabmic

studies. Additionall, in some cases, their interrelationship is not linear and cannot be easily
captured. There are numerous latent contexts and complexities involved in these two domains. For
these reasons, we did not include these two forces within the scope of thislresear

Moreover, in other domains that are broken down, some elements remain too abstract and
gualitative to incorporate into parametric architecture, such as individual identity in the social
domain. These purely qualitative and intangible context elements are negfegacdhmetric

design because they cannot be converted into tangible and measurable parameters. This often
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results in parametrically designed buildings that are seduadtere forms but have no connection
to the cultural, social, and historical context of the site.

Second, as we classify context into eight overarching domains and further break down each domain
into understandable components, we find that most context components are purely qualitative and
cannot be parameterized.

While certain components are quantitative and could theoretically be parameterized, their
integration into parametric design remains a challenge. Some components may seem readily
guantifiable, while others appear less amenable to measuréviaent.of the quantitative context
components primarily involve aligning with neighboring buildings and replicating their colors and
textures. For instance, concepts like coherency, harmony, morphology, and topology present
difficulties in terms of parameteation, everthough they exhibit rudbased characteristics that

could be utilized for this purpose. These concepts often possess a depth of meaning that transcends
strict adherence to rules. For example, the notion of harmony, while mathematically formulable to
someextent, can still be interpreted as existing within chaotic forms to a certain degeeresult,

even though some context components may seem measurable, parametrizing them reduces their
true, rich, and deep meanings.

Third, as we classify context components based on the scale of concern, we find that most of them
fall into broader scales such as region, city, and country. In contrastssalallcomponents such

as building forms, proportionality, and materials seenremapplicable to parametric design.
However, largescale, and intangible components such as local identities or sense of belonging,
which fall into the neighborhood, city, or country scale, are less likely to be coded and
parameterized. While smadtale ad tangible information can be directly fed into geometric
parameters of building elements through defining codes and parameters, parametric architecture is
not capable of considering essential context components on broader scales (e.g., region, city, and
country).
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2.2.6.Limitation

Despite the concreteness and general reliability of our method, there were certain limitations that
need to be acknowledged.

First, the hermeneutical interpretations of latent content during the classification process and the
conversion of abstract concepts into tangible components may have yielded different results
depending on the individual researcher's interpretaf®aneheim et al., 2017)

Second, the more abstract and interpretive the categorization process, the harder it is to establish
the credibility and authenticity of the analygiGraneheim et al., 2017)To mitigate these
limitations, we involved a team of three architects and an urban designer in the information
extraction process in order to reduce the influence of a single researcher's interpretation.
Additionally, we based our categorization primaribn previous research and limited our
intervention to enhance the credibility and authenticity of the categorization

Third, the research has categorized ‘Context' into five domains and several components based on
an assessment of relevéitgrature. However, there were some limitations associated with this
categorization, which are mentioned as folloMe subjective nature of source selection related

to 'context' posed a challenge when categorizing it into different domains and tangible
components. The selection of sources for the literature review introduced subjectivity into the
classification proces$/oreover, throughout the research, numerous books and research articles
were analyzed to facilitate rigorous sampling and categorizéievertheless, it was apparent

that a wider range of sources from various disciplines related to the built environment could have
contributed to a more precise categorization. However, conducting an exhaustive review of
interdisciplinary sources would hafseen resouremtensive in terms of time and resources.

Fourth, it's important to note that the selected method has a subjective character, and the broad
interpretation of the ‘context’ concept enabled the exploration of its multifaceted nature and
engagement with its inherent complexities. The diversity ofadosnand class components

involved in this approach covers a wide range of characteristics, which aids in understanding the
guantification challenges that may be encountered in future work on the matter.

2.2.7.Conclusion

This research explored and illustrated architectural and urban properties that are relevant to context
but are currently not adequately considered in parametric design due to their strong interconnection
with humanrelated elements. The findings suppo# tiotion that qualitative and, to some extent,
guantitative aspects of context are exceptionally complex to codify and measure. However, the
physical and tangible components of context can be quantified and parametrized to a certain extent.
This conclusiorwas reached after a comprehensive study oficbetexd discourse, including an
analysis of the different domains and componentgaritext Our study showsthat certain
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conceptual aspects of context cannot simply be degraded to tangible and codified parameters. It
was revealed thatontext encompassesaade range of meanings, each representing a different
epistemological worldand their essence cannot be accurately captregtslated into the binary
language of computerand parametrized. Integrating these human and broader aspects of context
requires a conventional, néimear, and complex architectural proceSsnply ticking boxes of
included contextcomponents irdesign process thereby an insufficient endeavdvloreover,
oversimplifying parametric design by reducing the rich meaning of cotdeone that merely
mimics superficial forms and patterns is not a contextual approach. Hence, parametric architecture,
as it currently deals with degraded, insignificant, and tangible aspects of context, cannot be
considered aa i ¢ eorientedarchitectureBurther research should focus on the possibility of
parametric architecture addressing the intangible valuesntéxt as well as case study research

to assess the extent tohich parametrically designed buildings address broader and richer
contextual significance.
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Section 2.3 Formal Coherency in Parametric Design
2.3.1.PublishedAbstract

Parametrially designed building®ften have spectacular exterior forms, qussulptural,that

catch the eye of the passéngs However, the indoor space design of parametric architecture has
received less attention due to over emphasis on exterior aesthetic requirements. This may lead to
superficial aesthetics where tlg@ality of theindoor space is not compatible with the outer
building envelope. This paper seeks to highlightithgortance otoherency between these two

parts of parametradly designed buildings. To do this, we conductetiva-step surveywith
architecture students where we first presented a set of different views of indoor and outdoor spaces
of some parametric buildings. They were asked to matdmtges of thénterior spacesoimages

of theexteriorfacadesIn the second step, students were asked to evaluate each building by their
formal criteria (specifically the coherence of the facade and indoor sfmcparametrially
designed projects in order to identify if a gap eeddtetween the two aesthetics.

2.3.2.Introduction

Design process has changed during Tweenieth Century. Before theadventof computer
applications irthedesign process, architects usegic tools for design, such@encils and tracing
paper makingthe formfinding processvery time-consuming Due to these design limitations,
precedents with complex curve forms cannot be found in previous decsldbey are
predominantonly recently. The evolution of computertegrated design fronsingle design
modeling systems to desigrsupportive design environments and eventually to truly generative
geometric design machinest{ich parametric systems are rapidly becoming) brasight with it

a substantive transition in the nature of design methods and processes. Npwaplags/e
growth of dgital technology has affected thiery core of architectural design. Certainly, digital
tools offer new possibilities that were inconceivable only a few years(Rigon, 2010c)
However themost promisingpotentialapplicationfor this technologys theform-finding process,
mainly focused on the formal aspects of building design rather than the whole process ofglesign
a project Based oV i t r wlefinitiors, 6neof the three main dimensions of aaschitecture is
delight, which is mostly neglected theinterior design of parametric buildiagrhis maybe for
several reas@)butwhatthis paper hypothesizésthat the overuse of parametric tools in facade
designmay lead to incompatibility andincongruity between formal aspects of the exterior form
and flow aspects of the interior

This paper is separated into three sections. In the first seet®iprovide a brief description of
the parametri@approach talesign andnvestigatats impact on formal qualities of computerized
buildings. In this section, the role of computers in form generation, and the problems which may
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arisein computerized designvill be presentedin the second part, waiefly discusshe notion

of what i s fornnalaestheticbfybutldimgin thie context of this pap€eFhis will help

us to define the factors and parametergh which we can evaluate each building on specific
criteria These indicatorwill alsofacilitate thecomparison betwedheindoor and exterioviews

of buildings. Sinceomprehensionf formal quality isachieved through descriptive approach,

we use aesthetic ridewhich provide usindicators forcomparisonThese aesthetic rules, which
can be thought of as design controls, can be based on appropriate appearance guidelines. They
have a practical, popular, and legal ground for shappares' designto be more enjoyable
(Nasar, 1994) Moreover, research has repeatedly confirmed commonalities in architectural
preference(Hershberger, 1970; Nasar, 1999; Wohlwill, 1976hey will be delineated in the
following sectionsin the third parof the researclwe present the results of a surglegtrequired
design andarchitecture students examine each building based on varying formégtrior and
exterior qualities. Asa major criterion, the architectural students were required to have a high
interest in computerized design. We present the resuttss study. This is followed by a brief
discussion of them.

2.3.3.Parametric Design

Overthe past fifteen years, digital medias beeradopted and employed by architeictsnany
ways This hasinfluenced the whole field o&rchitecturaldesign.Early on,digital media was
applied only as a representational tool. Witintinually emerging digital technologyhowever,
architecture has found a new tool for conceptual design in digital r(eclimabel, 2007)This
processhas given rise tanewapproach talesign called parametricisthhe approach isooted

in digital animation techniquewith its latest refinements based on advanced parametric design
systems and scripting methdés Schumacher, 20090)his level of customization and specificity
makes it possible to modify models built by designersd visualize their ideas interactively in
three dimensionglabi, 2013)

These variable datdo not only establish mathematical relatiptisey also include geometric
information (Steing & Veirum, 2010)With advancesn computing powerand the growing
availability of data, parametric systems can now be employed to deal with complex architecture
and urban phenomena on a msltalar and mukdimensional levelComparedo conventional
design methods, rule sets are the hasajor pars of aparametric desigrgeneratingrchitectural

and urban model®@bdelsalam, 2009)The advantage of this is that it enables the exploration of a
wide range of alternative solutions by changing the parameters of the logical relatigtestep

& Kelly, 2011a) whereas for traditional methods, designers usually only consider a relatively
limited number of alternative solutiofisobert F. Woodbury & Burrow, 2006Another advantage

is that designers can change and modify their ownbraged models at any stage of the design
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processThis allows thadesign procestwm be kept open and flexiblasall procedures, activities,
and relations ira parametric design are clearly defingkman & Gu, 2015)

2.3.3.1.Form Creatonwith Parametric Tools

Parametric design implies the use of parameters to define alfowaverwhat is actuallyat play

is the use of relation@onedero, 2000)Woodbury (2010) explagthat parametric design has

been defined as an explokatiprocessinvolving associative relationshipsetweengeometric
conceptsln a parametric design environmgeaésigners need a different kind of knowledge that

can "predict persistent effects to understand the diversity and structure of the mathematical
tool box, and to shuttle between the intended
(Oxman & Gu, 2015)

The mathematical knowledge of architectsalized througltcomputer parametric tools lesatb
complex architectural forms. This complexity in architecturduisnot only due external stimuli
such as increasing building performance requirements, new building functions, user requirements,
urban settings, spatial configurations, integrated design processelut also toa new formal
interest in fredorm geometry andts underlying mathematical and geometric concé€piso,
2012) Design computation claisto be able to help desigmsemake complex decisions with
greater confidence compared to conventioneangBittermann, 2009)The advent of computer
aided design tools in architecture lpasvedtheway for a new nonEuclidean geometriaesthetic
framework and enthusiasnfor unconstrained experimentation fluid n-dimensional design
space. Computational tools are falsely characterized by this tendency, and are bidibeedly
capable ofjenerang purely sculptural formgino, 2012)

2.3.4.Architectural Aesthetic

Much of the historical literaturen aesthetics holds that it is best understood thrguglhtative
descriptions. It has also been referred tadassyncraticand subjective. Howevergsearchers
havemore recentlysearcled for general principleso help better comprehend this vast subject.
Psychologists define aesthetic response as favorable emotional appraisal or evfuaBon
Ulrich, 1983; Wohlwill, 1974)Neverthelesshe pursuit of enjoyable surroundgdpes not imply
uniform design criteria to make all buildimgnd place pleasant. Evaluative response has been
found to consist of three components: pleasantness, excitement and cgNasess 1989; J.
Russell, 1988; J. A. Russell et al., 1981)

Nasar (1989) classified aesthetics into two significant parts. In the first part, the author describes
formal aesthetics and its variables. These variables can be easily measured because they have
physical features. In the next section, he talks about @ymbc aest heti cs. An
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experience of a building depends on an inter
knowledge structures of experience related to the particular class of building. Given that
parametric design is heavily focused on the structure of forms, iegaalran essentially endless

variety of formal qualities. These formal qualities may or may not imbue symbolic qualities,
whether implicit or explicit. In the next section, we will briefly introduce these two terms.

2.3.4.1.Formaland Symbolic ésthetic

The study of the structure of forms has been called formal aestlztecthe study of the human
responses to the content of forms has been called symbolic ae<ieatigs1988)

Although symbolic aesthetics plays a key rolen a s pectatords percept

designed buildings, it requires deeper resear
interpretation of the physical world. For instance, the symbolic meaning wétiomal stadium in
Beijing, which is often referred to as the MfnBI

for the people of China. The symbolic meaning attributed to the Beijing Olympic Stadium was
Chinads pr i ded atumddmerdad syrhbolt enessage to the worlik role of the
symbolicwill be investigated in further research. In théper we will compare buildings based

on formal aesthetics.

Attributes of formal aesthetics include shape, proportion, rhythm, scale, complexity, color,
illumination, shadowing, order, hierarchy, spatial relations, incongruity, ambiguity, surprise, and
novelty (Groat & Després, 1991; Lang, 1988; Wohlwill, 197%his articlefocuseson these
variables because of their relevance to the formal quality of buddtay examplespeaking on
complexity,Nasar(Nasar, 19893lescribes th quality asnvolving more independent elemenés,
larger difference between them, and less redundancy and phttgpeaking othe environment,
researchers have replaced the term complexity with diversity, or visual richness. Kaplan and
Kaplan(R. Kaplan & Kaplan, 1989fer to visual richness to suggestovingnegative contents

of environmental complexity, such as clutter and other factors that reducelottier context of

this study, omplexity refers to diversity and visual richnashich most parantecally designed

forms display. On the subjecof order, it refers to the degree to which a scene falls together or
makes sens¢R. Kaplan & Kaplan, 1989)Several formal variables, including familiarity,
redundancy, and compatibility may affebe perception of orde(Nasar, 1994)In this article
fiordeo a | | u dogisal redlabon between similar formal elementvhichcan be recognized

by the viewer, where the order can be considered an arrangement of Mesgpreciselyi o r d e r
i n de swvheg thecoherence between components and thie fdrm can be easily realized.
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2.3.4.2 DifferentApproaches irbesignAesthetic

Gifford et al.(Gifford et al., 2000fescribe four research approagiredesign aesthetic literature.

In the first approach, specific objective features of the built environment are considered as direct
predictors of aesthetic appraisal. For example, in terms of building interiors, the presence of
windows (Kaye & Murray, 282), unusually high ceiling@Baird et al., 1978)and square as
opposed to rectangular rooms have all been associated with higher preference(Xatsags

1989) Exterior features such as curved lines and decorated articulated f@eadesd, 1991as

well as cleanliness and ornatenébkasar, 1983)also appear to boost preference. Moreover,
Pythagoras, for example, believed that the beauty of buildings could be ordered in mathematical
terms (Murphy, 2013) and the concept of the golden section proposes a precise geometrical
specification of architectural beauty.

The second approach considers the relation of more abstract variables such as cognitive constructs

to building preference. For example, preference seems to be greater for buildings that are moderate

in complexity(Wohlwill, 1974) Buildings that appear to be more orderly or coherent are preferred

too (Herzog, 1992)Third, some researchers examine goodness of fit or prototypicality as a key to
observer preference. For example, Purcell and N@arcell & Nasar, 1992)eported that

preference increases with the degree of discrepancy from the goodness of example (of high
architecture and popular architecture). A fourth approach considers the mediating role of affect:
how observersod aff ect iravpefererees preralaes o theirpreferbnees r  ar
for different building facade@viehrabian & Russell, 1974; J. A. Russell et al., 1981)

The first two mentioned approachésbjective features and abstract aesthetir) be considered

formal and tangible aesthetjdutthis doesnot mean that alpreferencanfluencingfeatures are

physical. The last two approach#se goodness of fit and mediating role of affect) intangible
psychologcal aestheticb ased on obser ver buiddings fopmaldeatsresThe r at h ¢
first two aesthetic factors atesed in thisvork to comparethe formal aesthetgof interior and

exterior views.

2.3.5. Coherence

Since coherence &n abstract concept, it requires comprehensive definition. In this section, we try

to summarize its definition in both the conceptual and physical donfairegard, 2002)escribes

the concept from a psychological and philosophical standpoint. For him, coherence is a mostly
unconscious judgment in which many pieces of information (representations of concepts, images,

and actions) are combined until they fit in a satisfyirmy(v¢ al é k kan & Mashhoodi,

In the physical domain(Alexander, 2004xplains thatntegrity, or coherenceis the objective
condition ofa spatal compositionthat is measurable and occunsre or lessn each part of the
space Spatial coherence can be described as the wholehasgpatternlike compositionlt can
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beachieved wheacomposition is proportional and balan@ettithe independdrcomponents are
integratednto a whole(Smith, 2010b)In other words, coherence means integration of diverse
elements, relationships, or values into a whal@rger unifMohammadizadeh et al., 2018)

Somedefinitions ofcoherence are as follows:
1 The condition of harmonious connectiohthe several parts that keeps the whole
1 together( ¢al ékkan & Mashhoodi, 2017Dhb)
1 the quality or state of being arranged and mat¢hexhammadizadeh et al., 2018)
1

harmony, adaptation, balance, consistency and conforfMtthammadizadeh et al.,
2018)

=

logical connection or relation, congruiggnsistency( ¢ al ék kan & Mashhoodi

1 the action or fact of cleaving or stickiigoget her 6 ( Oxf or(@EDEngl i st
2016)

Coherence as a system has two key characteri st
related to spatial closeness, and consistency stands for being in an enduring or continuing state of
fitness by which constituent parts of a system complemacit other( ¢ al é k kan & Mash
2017b) Indeed, Henri Lefebvre explains that cohereisceepresented by the relationship of the

parts to the wholéLefebvre & NicholsorSmith, 1991) Contrary to coherence, Lefebvre claims

that, fincoherence under the banner of coherence; a cohesion grounded in scission and
disjointedness, fluctuation and the ephemeral masquerading as stability, conflictual relationships
embedded within an appearance of logic and operating effectively in combinéiiefebvre &
NicholsonSmith, 1991)

(Nasar, 1987Yyaises the question of how coherence is relevant to perceived visual quality.
Perceived visual qualitias been described as the product of two fundamlemtadn needshe

need to banvolved and the needo havea scenemake sens¢S. Kaplan et al., 1982)The
environment must beelcoming ofhuman attention, and it must make sense for hutoamserate
within it. The coherencdetween interior and exterior space #mel pathdo harmonyin the two
environmentgplay significantroles in satisfying ta human need to have a scene feel log{&al.
Kaplanetal., 1982 Gr i et Una, 2015)

Interior/exterior discourse:
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In conventional design approach, the relationship between inside and outside is provided very
strictly ( Kr st i | .a¢owewel, this vie® ltad rbt)been constant across architectural periods.
Indoor and outdoor spatial separation, in fact, underwent a process of gradual -phsing
culminating in the modernism period (SEa&ble3), at which point, lte outside spadeegan to be
consideredan extension of the inside spaddwus clear borders do not exist anymore. Spaces

switch gradually, making the architectural composition more unified and urfigker s t i | et
2016) The compositiortannot be defined either as inside or as outside, but as architectural space

that can be considersimultaneouslynner andoutef Kr st i | et al ., 2016)

Table3. Summary of Studies of the evolution of indoor/outdoor dialogue in architectural history adapted feomi et Un a , 2015)

Period Indoor/ outdoor Reasons A showcase building
dialogue

At the start of humanity ~ Accentuation tendedto  Homes should be maskec Ca v e s
proceed from outdoor due to safety reasons.
space to indoor.

Byzantium- European The principle of moving  Centralized structure. Villa Rotonda, built by
Renaissance from outdoors to indoors the architect Palladio
remained but was alread»
expressed imccentuation
of entrances, continuity o
borders and developmen
towards the center.

Baroque Indoors (divisions of Creation of a sense of Berninidés ClI
interior space) started movement. Sandreaa al Quirinale
reacting to outdoors. The facade presents an

extraordinary compositior The interior of this
of interlocking curvilinear puilding can be deduced

movementgMartin, from the outsidéMartin,
2018) 2018)
Modernism Linking indoors and Multi-facetedness and Buildings designed by Le
outdoors into a single endless diversity of inner Corbusier and F.L.Wright
whole. interrelationships

(Giedion 1941)

Le Corbusier refers to the exterior as a result of the interior, considering the process of architectural
design as a plan that proceeds from the insidéGarbusier, 2007 His workswerecharactezed

by two accents:structural modifications of interior space strivitg reach spatial unity and

integrity, and merging dhdoors withoutdoors( Gr i e t U.mnaxplai®ng hisv)ewpoint, he

refers to the similarityathebui | di ng t o a soap bubble that 1is
evenly distributed and properly ordered from
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architects believeth spatial continuity and consistenbgtweerinterior and exterior spaces. Two
examples of these design approaches are nAbre.
approaches of Loos and Mies van der R@@eeidi, 2019)

Il n F. L Wr i gntrdizédsplamsanrblildings were replacedbgn onesHe accentuated
and secured an irrefutable link between indoorsandoors materializing it in his architectuye
which wasfree from choking and oppressive boxes and, thratsgiass panels, widely linked to
picturesque naturédndscapes. Interior plans of buildings, too, obtainreeldom and pulsatinto
each other as liverganisms( Gr i et Una, 2015)

Though his emphasis on coherence and relation between interior and exteritullyasalized

in the modern etat was neverthelessonsidered in previous periodsilbert Herbert, in his book

about AFa-adism in Italian Architecturigs, 0 cri
facade inadequdiereflects the interior of the church. He ment®itat Alberti attempts to unify
interior and exterior by the repenatesthathis of t h
arch is ilkadjusted in form and dimensions to the body of the ch(irch. Schumacher, 2010)

This criticism comes from the reality of a pressing need to restore integrity, wholeness, and
harmony of environment while searching for a balance in the dialogue between interior and
exterior space andgathto unity in this complicated systenGr i et Una, 2015)

We can say that, on the one hand, interior, spatial, material, and experiential qualities all contribute
to the aesthetic experien@nd evert 0 a symbolic ualitiegBhatt, 2013; Harries, 1984)

On the other hand, the materiality and formal qualities of the exterior can equally contribute to
functionality, such as shelter, shading, éttarries, 1998)

Although interior/exterior discourse has been surveyed throughout different architectural eras,
studies of coherence of indoor/outdoor dialogue have been fragmeatiiyg a unifying core

of meaning and scoge Gr i e t U.Mvahaverdieh b)le Tabled) to track the studies related

to indoor and outdoor architecture to show how thaye carried their research ardkfined
coherency between the interior and exterior of the architectural space.

Table4. Recent published papers related to the connection of interior space and exterior fagade

Reference Title Problematic Methods Conclusion Interior/exterior
discourse

( Kr st |Interior-exterior The connection Analyses of four  The concept of spatial To create a good and

al.,, 2016) connection in between different  residential incorporation as a tool in continuous link between
architectural design spatial layers in the houses. connecting external and interna interior and exterior
based on the architecture. The space. spaces, it is often
incorporation of the space between necessary to find a
spatial in between interior and compromise
layers exterior space.
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( Gr i e Harmonyin Harmony between Comparative To create a harmonious indeor In the 2F Century, the

2015) indoor/outdoor the interior and theoretical outdoor design, invest abundance of curved ant
context of exterior in the method. substantial multifaceted glazed
architecture context resources in education inthe  surfaces on exterior

of architectural historical process of architectur: building walls makes

history. development and introduce integration of indoor and
diverse approaches to harmoni; outdoor space very
indoors/outdoors. visible.

(Saeidi, Envelopes and The relationship of Case study. A design approach that utilizes Three approaches:1)

2019) exteriority: architecture to its the exterior environment to Insideout, 2) Outsiden,
Local specificity surrounding create climatic, atmospheric, ar and 3) Insideoutside.
and extended environment. adaptive qua"ties for the The author states that th
exterior as design interior. third approach integrates
criteria for the built forms into one
architectural whole system.
Envelopes.

(Saeidi Rethinking the Todayds Experiments Approaching noftiscrete To initiate a design

Derakhshi Performance of architectural conducted architecture requires an acute ~ approach that

, 2017) Envelopes in envelopes, and (researcky emphasis on designing intensifies the
Architecture how they lead to  design). transitional spaces. interrelation between

the objectification interior and exterior
of architectures through specific
that are performance foci.

independent of
their surrounding
environments.

Based orTable4, two mainarchitecturaincoherencies can béentifiedin these studiesirst,
incoherency between the exterior and interior of buildiAgsl second, incoherency between the
envelope of architecture and its surroundings/conkéast paperghat study the topic of
coherencemploy case study or research by design methidte assumptioniseld for this
researclwere that good architecture is thdtich has coherence not only between context and
site, but alsobetweerthe interior and the exterior of buildings.

2.3.6.Methodology
The Selection of Case studies

Parametric design can be applied to solve different kinds of design pradmenagiswer specific

design questionsThere are four applicatismof parametric tools. First, the thinking process of a
designer or specifically an architectan be parametrizedh this processan architect tries to

define a set of problems, and then by changing the varjatitfssent forms and alternatives are
produced.The computational labotakes place irthe architecés mind and not digitally. For

exampl e, Gaudi 6s designs ar e parametscithihiing endis par an
design proces@urry, 1993) According to Burry(as cited in(Barrios Hernandez, 2006paudi
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spent a total of two years develog a strategic methodology for the generatiorisfcolumns.
The formal language of the Sagrada Famd@umnsrepresents a manipulati of simple
geometric rules to make complex forraed producea rich language with no precedents in
architecture

Secondly,architectstoday usethe computer ag machine to produce technical drawings. Their
digital parametri¢oolshelp architects create complex or appealorgisanddevelopclear plans
with construction detail§aster than they could ever hope to manuallgirdly, architects use
parametric tools to create whole famaf buildings through computeaided designand with
minimal interference from their hand’he case studies used in this paperdaasvn from this
category of parametric desighinally, and most recently, iiding design can incorporateany
different part® for instance structure, optimization, energy, mechanical desigit These
different criteriacan lead to multiobjective designs. Atthe final stage of parametric design,
multiple objectivexanbe considered whilstill achievingsome type of optimized form.

In this paperwe focus onthe third approach because ficcuses on creating fordsthe main
subject of our work herén terns of building function, parametric desigmas beemsedgenerally
for monumental olarge-scale buildings rather thdar, say, individuahouse. Due to this facta
number ofcultural ceters, pavilions, arenasiance halls, museumspmmercial center and
similar public cultural institutionkave been chosen for evaluation

In the previous sections, we described several approaches to our topic, and we also provided a
brief justification for their selection. Because both types of parametric design research methods
and aesthetic assessments can claim a broad range of diteicias, it will be logical to narrow

down our research area. Fig. 1. maps out domains of research focus based on the information given
above. In Fig. 1, the light grey highlighted rectangles indicate the areas that are covered within this
research, whersahe norhighlighted rectangles indicate topics that have the potential for further
researchKigure4).

2.3.7.Analysis ofCases

Because we classifigdeaesthetic featusmof buildingsbased oriNasar, 1994) theory, we asked
architecture students who have expertise enatea to evaluate casasing his characteristics
(complexity, form, uniqueness, regularity, and readabilify)e evaluation process consgdbf

two parts. In the first stage, we evaluhtiee initial and general spect or s6 per cepti on
of buildings. To do this, we askegtaduate design students to match interior views to exterior

views. In thesecondstep, since building evaluation based on aesthetic criteria affevse prece

mapof formal coherencythe studentsvereasked to evaluate each building by formal criteria.
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Computerized Design
(parametric design)

Multi- objective Design: Form Generating ComputerAided

Energy, Optimization Tools Design
Aesthetic
Evaluation

v A 4
Symbolic Aesthetic Formal Aesthetic
v v v v
Naturalness Upkeep Intensity of Style Complexity Form Regularity Readability
llea /simplicity uniqueness

Figure4. Model depicting the focus of this research

2.3.8.FirstSurvey

Our first hypothesistatedthat a lack of formal coherency can be seen between interiors and
exteriors of parametradly designed building At this stage, the levelof complexity, order,
atypicality and other mentioned factosgere not considered. Our initial aim was dealuate
whether the design students could make a logical formal relation between interior and exterior
views. The twelve (12) buildings that were used in this survey are preseriatlgb. Both the
interiors and exteriors of each building are provided in the table.

Table5. parametric designed buildings which were used in the survey

Name of the project Exterior view Interior view
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Dance Palace
Architect: Unstudio

Location: St.
Petersburg, Russia

Broad Museum
Architect: Diller
Scofidio + Renfro
Location:

Los Angeles, USA

CIB Architect: Vaillo
& Irigaray

Location:
Pamplona, Spain

Zahner Factory
Expansion
Architect: Crawford
Architects
Location:

Kansas City, USA

King Fahad National
Library

Achitect: Gerber
Architekten
Location: Riyadh
Saudi Arabia

Dear Jingumae
Building
Architect: amano
design office
Location: Tokyo,
Japan

CharlesStreet Car
Park

Architect: Allies and
Morrison

Location:

Sheffield, UK
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The Bad Café
Architect:
Nudes
Location:
Mumbai,India

The Petersen
Automotive Museum
Architect: Kohn
Pedersen Fox
Location: Los Angeles,
USA

Contemporary Office
Space

Architect: Studio
Symbiosis
Location:

India, Delhi NCR

Faculty of Engineering
Architect:

Denton Corker
Marshall

Location:

Australia, Ultimo

Italy Pavilioni Milan
Expo 2015

Architect: Nemesi
Location: Milano, Italy

The results shoad that merely 36% of aktudents were able toatchthe interior and exterior
designgFigureb).
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https://www.archdaily.com/search/projects/country/india

m All correct matches ® All wrong matches

Figure5. interior and exterior matches results

2.3.9.SecondSurvey

In the second phase of the studsg provided asurvey to twentyfive architecture studen{see
Table 4) wherehey were asked to mark each viefveach of the above buildings complex or
simple, typical or atypical, ordgror chadic, and mysteousor clear. These characteristics were
based on thaesthetic factors classified by Nasar (1934he results of the survey provided an
overview of how many students, for example, marked the exterior view datioe place as a
complex fagade and how manf them marked it as a simpd@me. A sample of them is included

in Table6. Thiscollecteddata helped us compare the interior and exterior views of twelve cases
simultaneouslyConsequently, the results depict thaterior views have specific characteristics
that are significantly different from interior features.

Table6. the results of the second survey

Complicity/ Form uniqueness Regularity Readability
simplicity
Complex  Simple Typical  Atypical Order Chaos mystery clarity
form form

Dance Palace Interior 20 5 1 24 11 14 19 6
Exterior 23 2 3 22 13 12 12 13

Broad Interior 18 7 2 23 14 11 19 6
Museum Exterior 19 6 1 24 7 18 21 4
CIB Interior 0 25 15 10 24 1 5 20
Architect Exterior 12 13 24 1 20 5 4 21
Zahner Interior 4 21 23 2 15 10 7 18
Factory Exterior 22 3 6 19 6 19 16 9
Interior 9 16 23 2 24 1 19 6




King Fahad  Exterior 19 6 2 23 12 13 2 23
Library

Dear Interior 14 9 12 13 17 8 15 10
Jingumae Exterior 25 0 3 22 7 18 20 5
Charles Interior 4 21 23 2 24 1 7 18
Street Car Exterior 22 3 6 19 8 17 24 1

park
The Bad Interior 1 24 25 0 25 0 11 14
Café Exterior 24 1 4 21 6 19 21 4
Petersen Interior 1 24 23 2 25 0 11 14
AVOMOIVE  Exterior 22 3 5 20 3 22 19 6
Contempora Interior 19 6 4 21 17 8 23 2
Voonce  Exterior 25 0 0 25 7 18 22 3
Facu|ty of Interior 15 10 16 9 18 7 20 5
Engineering  Exterior 22 3 8 17 8 17 18 7
ltaly Pavilion __Interior 25 0 1 24 3 22 24 1
2015 Exterior 24 1 0 25 2 23 23 2

These outcomes are illustrated Figure6), which shows that complexity, atypically, chaos, and
mystery are the main features of exterior facades, and simplicity, typically, order, and clarity are
mostly interior characteristics.

. % 73.3 C0mp|eXIty % 26.7

Exterior . | Interior
_ wess  Atypicality %357

Exterior . | Interior
& % 70.8 Chaos % 29.2

Exterior . | Interior
N % 52.9 Mystery % 47.1

Exterior . | Interior
. % 19.5 SImpllcrty % 80.5

Exterior [ A (nterior
_ Typicality %1s

Exterior | AN, nterior
B % 31.3 Order % 68.7

Exterior [ AN nterior
_ a5 Clarity _—

Exterior | A== Interior

Figure6. the comparison between interior and exterior features
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2.3.10.Discussion andConclusion

Design processhavechanged significantly since the advenaafomatedorm-generating tools.
This transition heralds a new agecomplex unprecedentefbrms easily created by parametric
software. Although th move from handdrawn to computerizedrchitectureopens many
previouslylocked doors for architecgt# has some drawbackkat can be easily recognized in
buildings of the last approximate decadm terns of formal featuresincoherencycan be
considered an obvious predominafaracteristic, both in the matching of exterior to interior
designs and in the harmony of theaspective descriptive qualities, as was done in the second part
of this researchDue to overuse of parametric toolstbefacade of buildings in order fwroduce
spectacular formghe connectivity and consistency of exterior to intehas beerdissolved
According to coherence definitions, as mentioned earked regardless of function or
performanceno logical balance or harmonized relation integgtdifferent components as a
whole can be recognized in these building$is preliminary observein needs further
investigation, as its small sample size can only lead to new hypotheses.

Oursurvey in which 25 architecture students participattwed usthatit wasquitechallenging
for them to match interior vieswvith building exterios. Most of them mentioned that they tried
to find cluesn the photographs we provided that could help them make the correct suatclas
colors, specific details, or even the formesteriorwindows.And even though they used these
indicators to arrive at their answers, most of the matches were incblegbier the quality of the
space, nothe interior forms weréactors thatstudents used as recognizablensig

In thesecondphase of this studyach student evalua®uildingsbased orthe formal aesthetic
factors classified by Nasar (1994)he results also sh@a that interior and exterior views of
buildings do not have equal value in terms of complexity, form uniqueness, regulanity
readability. This paper highlighted only one relationship in thgistemologicalvastness of
coherence and incoherence in parametric architecture: interior/exterior. Indeed, the seductive
forms that are offeredly much of parameic design most often result anincoherentaesthetic

from the perspective of interior and exterior qualities. Yet, the topic of coherency in parametric
design has rarely been studied. Further research is required on the topic of coherence in parametric
architecture. One way forward could be by using finethigectural qualities, such as the
relationships between material and formal qualities lletieed, a promising way forward for this

work would be to studyhe dialectic of aesthetic pluralism anduarsal interestn parametric

style
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Chapter Postscripts

The chapter begins by discussing the consequences edigitatization in architecture and raises
the question of what is being lost through this prodesthe firstsection, vhile acknowledging
the undeniable benefits that digitalization has brought to various fieldsgiscussed the
importance ofscrutinizing andminimizing the potential detrimental effects. The focus of this
section was to assess the consequences of -olgitalization in three areas: parametric
architecture, architecture education, and sustainable architecture.

The secondsection examing "context” consideration iparametric architecture and highlights

how an overreliance on computers in the design process can lead to a loss of contextuality. When
the computer becomes the primary agent of design, cities can lose their unigue identities and local
distinctiveness. \Wile parametric architecture is capable of incorporating tangible and objective
parameters such as climate factors, topography, angpstafic physical characteristics, it
struggles to encompass intable aspects like social and cultural encounters that are difficult to
translate into computer codes. Additionally, the role of architectural styles and their consideration
of context are explored, revealing a gap in the definition of context when censpé the main
agents of design.

After purely theoretical discussiorhd third section@mployedcase studies to analyze twelve
architectural projects where the computer played a dominant role in the design process or over
digitalization occurred. The results highlight a lack of coherence between the exterior fagade and
interior space, exemplifying ather consequence of oveigitalization in design.

Having thoroughly examined the losses associated withdig#alization and its consequences,

the next chapter then explores ways to augment parametric architecture by incorporating social
and cultural aspects into the design process. Specifically, it investigates how qualitative data can
be classified and translated into the binary language of computeraséo in parametric
architecture.
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CHAPTER 3. Achieving Sustainability andLiveability through Parameters
and Data

Forewords

In the previous chapter, | examined the qualitative parameters such as "context" in its broader
sense and formal characteristics like coherency, which are often overlooked in recent parametric
design practices. Building on the findings of the previous chapsaudht to explore ways to
incorporate these missing qualities into parametric and computerized design. How can we utilize
data in the design process to create sustainable and livable cities? Considering the inevitable role
of computers in contemporary dgsipractices, the reconciliation of qualitative data and tools
becomes crucial in achieving more sustainable and livable cities. This raises several subquestions
regarding the practicality of integrating qualitative data into the design process, indlueling
translation of intangible spatial parameters into objective and tangible ones that can be understood
by computer systems.

The first step towards addressing these questions involves understanding how we can classify data
and parameters into different domains such as social, cultural, economic, and environmental. Once
categorized, we can delve into the details and further d&cah and analyze them. The two
sections that make up this chapter each correspond to a published article that promotes the general
objective of creating sustainable and livable cities through incorporating quantitively data. |
describe each componentdetail below, along with an explanation of how it contributes to the
chapter's main goals.

Section 1 Parametrizing the Unmeasurable

This section, which has been published as a research paper inrayeeed journal,

stems from my involvement as a research assistant in a project conducted in collaboration
with NGCI (Next Generation Cities Institute) and IDEBE (Integrated Design Btogy

and Sustainability for the Built Environment). The project aimed to explore the
incorporation of qualitative parameters of cities into a game project with the goal of
engaging and educating citizens about sustainability and livability.

During the project, we encountered challenges in integrating qualitative factors into the
game. These parameters possess qualitative characteristics and exhibit complex
relationships with one another. Moreover, any slight alteration in one criterion has a
profound impact on the entire system, making it difficult to establish a scoring mechanism
for the game. This experience provided valuable insights into the difficulties associated
with incorporating qualitative parameters into the binary language of ¢erspu
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Nonetheless, | propose a method in the paper to quamtidfygibleurban parameters for
implementation in the game. This method can also be utilized to incorporate city and
contextual parameters into parametric design. By quantifying thieswibleparameters,

we can enhance their compatibility with computer systems and enable their integration into
both the game and parametric design processes.

Section 2:Activating Data in the Public Realm

Implementing qualitative data and parameterpanametric and computer tools can be
challenging, while incorporating mass quantitative data is not straightforward. In this era
of abundant data, the question arises: How can we harness this data in architecture and
urban design to create sustainable larable cities? A key criticism raised in the previous
section is that overreliance on parametric design makes the computer the central agent,
often overlooking the role of humans in the design process. Therefore, it is crucial to
reconcile computerized dign with human involvement to ensure sustainability.

In this section, | present the findings of a collaborative research paper that examines how
citizens can be engaged with extensive quantitative and-sipegoe data. The research
demonstrates innovative design proposals that utilize raw quantitative ghatialic realm
design. Furthermore, we explore methods for integrating city data into the design process.
To accomplish this, we developed a methodology that compares different design
approaches, focusing on the integration of three main elements in-ppatie design
projects: city data, specific sustainability concerns, and diverse strategies for utilizing the
data.

Section 3.1 Parametrizing the Unmeasurable
3.1.1.PublishedAbstract

Urban andarchitectural parameters are mostly qualitative, unmeasurable, and hard to translate into
parametric design and incorporate into computer games. Consequently, quantitative factors are
more apt for gamification and parametric design since these can batadmsto computer binary
language and scored. This fact reduces the number of games that deal with urban qualities and
raises a fundamental question in the parametric design field on how to include purely spatial
gualities in the quantitative parametpiocess. This research, therefore, proposes a method and a
workflow to parametrize and quantify urban qualities for parametric design and gamification
purposes. To this end, we used three main urban sources to collect and sort urban qualities that
could bequantified to some degree. First, we developed a comprehensive list of urban qualities
whose parameterization seemed possible and reasonable. Second, we introduced the objective and
tangible attributes of these qualities in far greater detail. Thirdnalyzed the relation of these
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gualities and their effects on each other in a system model. The results reveal that although urban
gualities are complex, they are better defined and parametrized when their relations and originating
factors are fully investigated. This research contabub urban parametric design by providing a
method to parametrize urban qualities and gamification fields, allowing developers to implement
more complex city qualities into the games.

3.1.2.Introduction

Converting urban or architectural qualities to qualitative parameters and categorizing them into a
tangible quantitative assortment was a trend that followed the modernism movement and
parametricism(Poole & Shvartzberg, 2015bjowever, postmodernism, a cultural and context
based style, criticized this ovemphasis on the quantification of qualitig¢fopkins, 2020) In

other words, proponents of postmodernism argued that qualities could lose their rich meaning
when assessed or attached to numbers. Assigni
architectural space design, for instance, would be quite congali¢and in some cases even
impossible). A neighborho@dor any architectural place for that madtes livable when it
addresses standard qualities, but it could take on many forms and designs. Therefore, defining a
livable neighborhood is difficult sinceis constructed by the sum of the physical, social, cultural,
and environmental characteristics experienced in places withi@otigh, 2015) Designers
consider alternatives by modifying place attributes to achieve an acceptable and proper design.
This process is purely qualitative; the designer cannot simplify or quantify the design process. A
lot of parametric architecture and urban desigges are entrenched in the issue that place qualities
cannot be quantifie(Boulikias et al., 2021 However, computers inevitably play a significant role

in the contemporary design process, and parametric design is exp@hdBapumacher, 2009c¢)
Furthermore, making quality relations comprehensible for the computer binary language is a
prerequisite to teaching urban and architectural qualities through computer games. Artificial
Intelligence (Al) is rapidly expanding, and these tools aim to peoeamputers with humalrke

ways of thinking and analysis. However, computers are still far from being able to fully
comprehend qualitative aspects and effectively analyze them. As it stands, they require binary
guantitative languages/codes to assesstqtiaé factors.

3.1.2.1.Challenges in Parametric Design and Urban Games

The difficulty inherent in architectural and urban features is that they are often purely qualitative
and consequently hard to measure and assess. For example, how do we evaluate a place's
attractiveness and welcoming nature? What of its urban clarityegitallity, which are purely
gualitative and difficult to assess? Moreover, the relationship between these various qualities is
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complex and not easily defined; in some cases, they contradict each other, while in others they
either synergize or have no connections. As a result, parametric design cannot incorporate these
gualities since it is tailored for fragmented, repeatable, rmrpdsurable paramete¢dish &
Woodbury, 2005; Hazbei & Cucuzzella, 2021; Karle & Kelly, 2011b; Oxman, 28hother

issue is that since urban features are qualitative, it is tough for game developers to incorporate
them into game platform&ames related to urban design mostly focus on quantitative parameters,
such as environmental factors like energy efficier{Hettinga et al., 2021)decarbonization,
sustainability(Knol & De Vries, 2010) and urban/physical design factgrsi Tr opi co 6, 0
since these aspects are tangible, and players can change them and see the results in real time.
However, qualitative and intangible urban characteristics receive less attention on these platforms
because it is challenging to conceptualize how playersl@ngage with these parameters, and it

is difficult to determine the best approach to score these qualities. If we want to gamify such
gualities, we must find ways to deconstruct these into parameters that can be quantified. That is
the aim of this paper.

More specifically, this research aims to answer the following questions: What are urban qualities,
and how can we parametrize or quantify theéto® can we implement these qualities and these
guantified parameters on a neighborhood game project? How ceultlaek the relationship
between these qualities in the game project? These questions will be answered by exploring
possible ways to parametrize urban qualities and defining their relationships with each other. By
proposing a method and workflow to pararzet and quantify urban qualities, this research
contributes to the fields of urban design, architecture design, and gamification. It allows game
developers and urban parametric designers to convert qualitative parameters to measurable,
tangible factors tht users can easily modify through game platforms.

3.1.2.2.Quantifying Qualities and the Complexity of Urban Qualities

Quantitative methods have been believed to confer a measure of scientific authority and legitimacy
to research results. However, they also run t
imitate scientific methods, cloaking results in theeahyity of the methods of the natural sciences

(D. deB Beaver, 2012)Also, if we want to avoid that these methods become dangerously
misleading in complex humamelated problems, then we must base them on the careful discussion

of the imponderables and on the measurable elements of a total si{WatieeJr, 1974)D. deB

Beaver,2012) Descartesd dualism between the measur :

res cogitand one that has been utterly fundamental to western metapdysiast, in the long

run, OObe abandoned for recogni t ihatalldécisians, qu an:

including the quantit aWhitele 1974D. @éeB Beavere202nt | y qu
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More specifically, qualitive and quantitative parameters are different in nature, and they serve
various purposes. Quantitative parameters are easy to measure and are based on mathematics. They
are repeatable and can easily be validated; however, theyosty fragmented and need to be
attached to meaning. On the other hand, qualitative parameters are consistent, based on
interpretations, often very rich, unmeasurable, and unpredictable. They are hard to track and
follow, and they are mostly based on @xtt For the most part, the urban design literature has not
attempted to objectively measure and quantify perceptual, phycological, and urban aesthetic
gualities; instead, it merely asserts their importgdegng & Handy, 2009)Essentially, qualities

could lose their rich meaning if assessed with or attached to numbers. Data that has been stripped

of its context does not constitute informati
fundamentally ambiguous, rarely be taken at face valu®. deB Beaver, 2012)Why, then,
woul d research strive to quantify qualities?

designer would like to teach a community and raise awareness about livability and sustainability
through a game project. How would these qualiie made comprehensible with the binary logic

of computer codes? In a case such as this, the first step would be to convert qualities to quantities
in such a way as to be understood by computer game logic.

AQualityo in urban desi gn i s becausesthew has heercno mpl e
clear, accurate definition used uniformly across the literaimeexample, the Cowan Dictionary

of Urbanism reveals ambiguities in definitions of urban (design) qualities. It refers to a broad range

of vague urbamelated factors:

(Urban design) quality should not be taken to relate only to the external appearance of buildings
and their surroundings. It must also include matters of fithess for purpose, environmental
performance, social and economic sustainability, responsivenessrtoeeds and the aspirations

of the local and national communiffCowan & Rogers, 2005)

In a move away from the complicated ways of defining the quality of urban design and toward the
preparation for action, design qualities can now be defined as urban design principles, dimensions,
criteria, elements, etc. For instandgnch (1984) in a theory of city form, discusses seven
dimensions including vitality, sense, fit, access, control, efficiency, and justice. None of them are
single dimensions; all of them refer to a cluster of qualities. In his integrative tistergberg

(2000) considers the city through components such as livability, legibility, vitality, etc. These
components have broad meanings and refer to a wide range of city qualities.

In light of the challenge of defining complex city qualities, and with a simplified and lenient
perspective, it can be argued that the quality of urban design has, in general, evolved as a response
to the ideas developed over the past 40 years. Urbartygdacussion was a response to the
challenges and shortcomings of modernism, which, in turn, was essentially driven by the logic of
the buildingsd interior, (Madarapour, B093)Thdseurbanande r i o r
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architectural attitudes have weakened some qualitative aspects of the built environment and have
inclined toward measurable and tangible elements. This process changes the core of architectural
and urban practices because, unlike quantitative factorshi{\laie a precise definition and can

be measured), quality is a comprehensive concept, and it cannot be analyzed without considering
and comparing other influential factors.

3.1.2.3.Gamification and its Potential in Quantifying Qualities

Gami fication refers to the HfAuse (Deferdiggeenad, me c h:
2011)to enhance the processes enacted and the experience of those i(@alvedetto et al.,

2014) |t i's Athe phenomenon (Kdviste & ldamarii 200)Itg a me f u
broadly refers to technological, economic, cultural, and societal developments in which reality
becomes more fAgameful 06 and thus it can helop

creativity, playfulness, engagement, and overall positive tjr@and happines@iamari, 2007)
The widespread interest that gamification is garnering lies in its potential to strengthen
engagement, change behaviors, and support innovatigtari & Hamari, 2012)

Research in the gamification field can be categorized into three main domains: (1)diteemy

empirical studies, (2) design methods, and (3) application @feake, L. E., & Deterding, 2017)

The first area, empirical gami fication researt
gami fication work?0 by testing a wide diversi
of effect measuregHamari et al., 2014; Seaborn & Fels, 2Q015%his research provides
practitioners with knowledge that helps them understand and predict how and when a particular
design will be effectivideterding, 2014; Whitley Jr & Kite, 201.2)he second approach, design

methods, involves conducting systematic research on challenges, heuristics, tools, and procedures
for designing gamificatiofiDeterding et al., 2013; Mora et al., 2015; Morschheuser et al.,.2017)

This approach could help researchers determine the type of logic that would need to be

i mpl emented in a game platform and how it sho
of application contextso r efinthescontextofapplicatianal as |
not all activities and contexts lend themselves equally well to gamificébeterding, 2014; B.

Kim, 2012; Mollick & Rothbard, 2014; Webb, 2013)

In the context of urban and architectural design, most research or game projects focus on
guantitative and measurable aspects of the city. Affordable housing, climate adaptation, area
development, energy consumption, smart mobility, and energy transeiafi axamples of urgent
urban challenges that cityased games typically focus ¢&. Tan, 2022) "Blockholm," for
example, is based on the popular video game Minecraft and promoted by the Swedish Center for
Architecture and Design; its objective is to design a futuristic smart city from the cartography of a
real city wherein the topography, streéd&es, bridges, property lines, parks, squares, rivers, etc.,
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are all includedMajury, 2014) Addi ti onal |l vy, inGames for Citie
research project run through various partners in the Netherlands, monitors how city games contain,
visualize, and communicate large sets of specialized data, allowing multiple players w intera

with the data and with each oth@E. Tan, 2022) I n s mart citiesd gam
Kazhamiakin et al(Kazhamiakin et al., 20163e a game to incentivize sustainable urban mobility
(Merugu et al., 2009)llustrate an application to reduce traffic congestion. Hoh ¢Hah et al.,

2012), for their part, couple gamification and crowdsourcing to involve citizens in sharing
information about parking spaces in the ddyningh et al.(Buningh et al., 20149how how they
successfully implemented a gamified system to encourage company employees to choose
sustainable means of commuting to work in Eindhoven, Netherldmdide 7 summarizes the
gualitative and quantitative parameters implemented within a kdecfronic citybuilding games

(CBGS).

Table7. Six city building games (CBGs) and their qualitative and quantitative urban parameters

Source Game Qualitative Quantitative urban parameters Scoring method
name urban
parameters
(Arts, n.d.) Infrastructure (e.g., residential buildings Quantitative method:

commercial and industrial zones, roads, Increasing budget by
stadiums, and airports) Basic utilities building

(e.q., electricity, water, and waste infrastructure, city
SimCity N/A management) Parks and leisure facilitie: overall development,
Health(e.g., number of hospitals) and implementing
Education (e.g., number of schools) taxes
Safety (e.g., number of police and fire
stations)
(Cities, Zoning, roadplacement, taxation, public Quantitative method:
n.d.) Cities: N/A servicespublic transportationbudget, Increasing budget
Skylines health (number of hospitals),
employment, traffic, and pollution levels
( @ity Life Socioeconomic Roads, buildings, finances, ordinances, Quantitative method:
(Video City Life parameters energy, waste, and infrastructure Increasing budget
Game) ,
2022)
( Gities Cities XL  Balancing social Trading resources or building blueprints Quantitative method:
XL, 0 2 class of citizens to satisfy the needs of city inhabitants  Increasing budget
Creating structures such as residential,
commercial, and industrial buildings;
bridges and tunnels; airports; trains,
ferries, and subways.
(Knol & Although the game tries to raise Quantitative method:
De Vries, awareness about energy, ddendliness, For economy,
2010) EnerCities N/A and sustainability, the parameters are  environment, and

mainly quantitative (e.g., industrial well-being
buildings numbers, windmills,
commercial districts, forests, urban
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districts, energy buildings, and nuclear
fusion plants).
( Tropico Island development is mainly quantitive Mostly quantitative:
6, 0 20 Tropico6 N/A such as: agriculture land size, number o Increasing budget
food-based resources, transportation,  and developing the
education, tourism, trade (import and island
export), factories, and housing

3.1.3.Research Gap:

As reviewed in the previous sectigasearclonurbanrelated gam&and gamification focueson
guantified concepts such as Co2 emissions, mobility, energy transition, climate adaptation, traffic,
AQI, infrastructure, and physical management of cgieseinserting them into the gamtaough

binary computer language) is straightforwadde to their quantitative naturen some cases,
researchers and game developeasetried to incorporate qualitative facto(s.g., education,
health, and safejybuttheir scoring method was still quantitative, which meé&msexamplethat

urban safetyvasmerely relegatetb the number of police and fire stations in the city. Moreover,
education and health are broad toplttencompass a wide range of parametegsiating these

to the number of schools and hospitals in the @tyroblematic Moreover, in gamification
research, some projedtavetried to quantify qualitiedbutthey have merelgucceeded ifocusng

on some quantified aspecisdividually. This narrow assessment camouflaggsqu al i t i es 0
relationdips and thesubstantial interactionat play. Most of this research proposes measurable
indicesto assess one specific city qualf{g.g., walkability), without addressing other attributes

that might directly or indirectly affect this quality.

3.1.4.Method:

The methodology consisted of three main phaBggife7). Thefirst phase was the extraction of
common overarching qualities in urban and architectural design into domains of concern based on
a review of three seminal sources. The second phase of the methodology was the deconstruction
of these qualities, extractedofn the first phase, intintangible and tangible parameters. In
identifying thesentangiblequalities, we aim to understand whiaimgiblequalities can satisfy the

pure qualitative urban and architectural elements. In the third phase of the methodology, we
analyzed the relations between qualities using two different analysis grids. This step helped us
better define and parametrize qualitkes assessing them in relation to other qualities and in
relation to their effect on a whole system.
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Step1- Creating a comprehensive list of qualities based on three resources.
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Figure 7. The overall research method and steps

3.1.4.1.First Phase: Extraction of Common Qualities from Three Seminal
Sources

Urban design is an interdisciplinary field by nature since it tackles different and divergent issues
under the umbrella of city complexit$ternberg (Sternberg, 2000¢xplains that urban design

does not have one certain cohesive guideline, and all urban design guidelines can be correct if
properly applied. These pluralities in determining urban qualities might exist because each urban
guideline considers specific urbahallenges and tries to respond to them. Hence, attaining a
comprehensive urban guideline is nigh impossible due to the complexity of urban lisghes.

case of this research, normateescriptive architectural and urban design sources were chosen,
as they provide guidelines for the urban qualities that should be taken into consideration.
Additionally, from these sources, qualities with a high potential for quantification were preferred
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; accordingly, we adopted an expert elicitation method to classify urban qualities. The expert
elicitation teamwas composed of a panel of four experts (two architects, an urban designer, and
an urban planner), including the authors of this paper. The aim was to assess available urban grids
that comprehensively categorize urban qualities. These grids enable ks tmta consensus

based approach to synthesizing urban quality, and it allow us to end up with a comprehensive list
of the ones that have more potential to parametrize. Three prominent sources were selected: PPS
(Project for Public Spaces, n.dPublic Places Urban Spa¢€armona et al., 2004and By design
(Regions et al., 2000)hese sources were selected according to three criteria:

(1) We tried to be more oriented toward theories formed in the space between academia
(Public Places Urban Spaces) and practice (PPS and By design) with emphasis placed on
implementation aspects, using sources cited in several urban projects.

(2) We selected governmebased sources (By design) and sources from non
governmental structures (PPS).

(3) We prioritized sources that were general (i.e., easier to apply to different contexts),
summarized (By design), and detailed (PPS and Public Place Urban Space).

(4) And finally, wechosemulti-dimensionakourcegPublic Place Urban Spaciat
provide guidance (By design) and conceptual me@R®S).

Public Places Urban Spaces, PPS, and By design, are the three sources that helped us narrow down
the list of qualities to a domain of concerns in a consebased process. We conducted a
comparative study of each of the indices in these frameworks toesyze the main domains of
concern. Next, we selected only those domains of concern that could be measured and quantified.
We extracted eight overarching domains from the three aforementioned sources. The following
criteria are considered for each domain.

The selected qualities need to be homogeneous on one scale and consistent with each other
They should not be subsets of each other or have an overlap
A concept/quality cannot be reduced to another

A concept/quality should not be inferred from another

= =_ =4 =

A concept/quality should not be united with another.
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3.1.4.2.Second Phase: Deconstructing Qualities

Mostly, the urban design literature has not attempted to objectively measure and quantify
perceptual, phycological, and subjective urban qualities; instead, it merely asserts their importance
(Ewing & Handy, 200Q)However, environmental conditions and urban qualities can be classified

as either "objective" or "subjective." Objective criteria generally refer to quantitative data, and the
majority can be described using various statistics (e.g., percentage of khapsm® in a
neighborhood, the average distance from home to a public green space, the amount of green space
per inhabitant, traffic volume, and noig@ngur et al., 2004; Islam et al., 2009; Kevin, 2012)
These criteria have been widely used because they are seen as being more(Rigaelst al.,

2014) On the other hand, subjective criteria are often based on personal feelings, perceptions, and
attitudes and are usually qualitatiy&€saur et al., 2006)nonetheless, these criteria can be
extremely important to the communities they concern. Furthermore, they may incorporate factors
not directly affected by the built environment, which may be outside planners' control, such as the
"neighborliness" of theeople living there. Experts in urban planning and design may provide a
middle ground for identifying factors thanks to their training in objective factors combined with
their experience working with urban communities and, therefore, their familiarity maite
subjective factors.

In the next step, the expert team in this research explored the subjective and objective parameters
of the eight extracted domains in the first phase. These eight domains needed to be elaborated on
since they were still too abstract and difficult to measamd parametrize in their larger scales.
Accordingly, using the questions that follow, we returned to our comparative condassas
analysis, and we extracted finer details for each of the broad qualities in order to clarify and
deconstruct complex coepts into more tangible qualities:

1 What is the purpose of this quality in the neighborhood?

1 Does this quality have any effect/reflection on the physical environment?

1 How does this quality improve/deteriorate the neighborhood's physical environment?
1

Who is the target audieng¢e.g., pedestrians, bikers, building inhabitants, elderly people,
women, and childrerf this quality?

1 How does time (e.g., day, night, and seasons) and place (e.g., neighborhood center/hub or
a narrow alley) affect this quality?

This process supplied us with &itangiblequalities. Although they are more detailed than the
eight domains, they remain subjective and cannot be implemented into the game platform since
they are not tangible. In other words, they cannot be translated into the binary computer algorithm.
To reach @ngible and concrete qualities, we took another step to minimize the abstraction of

76



gualities: we tried to discern which tangible urban interventions improve or deteriorate these
intangible qualities. This approach allowed us to break down each quality into tangible and
measurable parametéra fundamental step to quantifying qualities.

3.1.4.3.Third Phase: Analyzing Qualities

This phase consists of two steps. In the first step, we asltbgsrelationship between urban
gualities in the same consendwased approach. In the second step, based on the results acquired
from the first step, we evaluat@rban qualities’ importance, their connections to other qualities,
and their individual role in the whole system.

I. Assessing the Relation between the Qualities

To assess the relation of urban quality, we first tried to answer this question: What is the essence
of the connection and relationship between qualities? There are three methods for understanding
and quantifying qualities. The first is to measure qualitikke what Anders Celsius did to create

a thermometer). However, in this manner, only one quality can be assessed, and the effects of
ot hers cannot be considered. For example, in
they do not provide merinformation about air quality. The second approach is to consider a set

of qualities and organize them into a hierarchical system, similar to what Abraham Maslow
(Maslow, 1974)id to categorize human needs. It is a kind of causation and phasing; achieving
fundamental quality is a prerequisite for going to a higher quality level. However, in reality,
gualities perform in an integrated manner and have strong connections. They fddow a
hierarchical structure. This relation highlights the necessity of a third approach to consider
gualities and their relations in a comprehensive and holistic manner. This approach was applied to
this research t o ascempexscluster iy coassdéringgheiarelatians.e s i n

In this approach, after having deconstructed the qualities and changing them into more tangible
parameters, we asked ourselves, what is so important about the 21 finer details? How can we assess
overall urban qualities based on these parameters? As sesmjncases, urban qualities are

highly dependent upon other parameters and are interbnkatthow? We need to be able to first
understand these connections in order to event
we define four types of rations between qualities:

No connection (0), indirect connection (+1), direct connection (2), and contradidfjohable8
shows the different types of relationships between qualities and the rating assigned to each
connection.
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Table8. Different connection types of qualities and their ratings

Connectiontypes Rating  Description

No connection 0 The two qualities do not have any effects on each other, or the conne
between them are overly complex and dependent on other factors

Indirect connection 1 A quality has indirect or weak effects on thther

Direct connection 2 A quality has a direct connection to the other quality

Contradiction -1 Qualities contradict each other and have negative effects on each other.

Let us assess the quality of Awal kabi lityo ac
correlation is adoptedn a hypotheticascenario, \alkability would strongly influence the sense

of safety, cleanliness, and air quality of a

Afriendliness, 0 and fwelcomingo nature. Wa |l k
Aattachmephhoetandheheir Acel ebrationo of it

ef fect on fAneomaltioz gt iaonnd, Opeas this quality, (
communities, may al so decrease the sense of f

singular type of community. Also, it may not affect the aesthetic sense of place, ditteesitjgan

acoustics, the historical and local distinctiveness, or the greenery of places. It is important to
mention that the qualitiesd relationship is &
pl acebs wal kabi |l it yendyg bosvevérta place's greenery eoulpHave@ae ' s
direct and strong effect on walkability.

Il. Determining and Evaluating the Effectiveness, Characteristics, and Influence of Qualities

Determining the character and the role of qualities in the network of qualities wie nioitial
purpose of this articlethe necessity revealdtself while we were analyzing qualitieShe
formation of an integrated network of qualities actually caused clarity on the role and the place of
the qualities in the networl herefore, mapping out each quality in dwerallnetwork provide

us with a means to facilitate their parametrization and define them in a more detailed manner.
Defining and characterizing qualiti@gs a two-stepprocessIn the first step, we asseskeach
qualityd s ¢ h ar amdttserole ia thé whele system of qualitiés.the second step, we
assessdthe importancef a qualityandits connectivity to other qualities in the netwacording

to the number of connectisshared withother quaties.
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a) Quality Characteristics

After assessing the qualities, theonnectios, and the relation between qualities, we
deducedhat qualities have different characteristics and play different vaikbén ther
network. Some qualities mainly affeathers, whereas others are more malleable and are
affected byother qualities without having much of a witkaching effect themselves
other words, qualities arereighied differently in the network, whichallowed us to
categorizéheminto three groups:

A primary qualty: The fAmain instigatoro i s a qualit:
but receives less impact from others, which means that for a given quality, the absolute
value of the sum of affecting relations should be greater by 3 or more units than the absolute
value of the sum of affected relations.

A consequential quality: A consequential quality is one that is the result of other qualities
and is highly influenced by them. More specifically, if the absolute value of the sum of
affected relations is more than the absolute value of the sum of affecting relations by three
or more units, we call this a consequential quality.

#1171 OANOOAD £ABIVA IAIEAAGOANOET T @ IAIEAABDEALEG T O

A mediating quality: A quality that can affect other qualities and simultaneously be
affected by other qualities. If the absolute value of the sum of affecting relations is two
units or less than the absolute value of the sum of affected relations, then we call it a
mediatingquality.

-AAEACEATE OA IAIEAAARDEAGET T @ IAIEAAGOAMOEG 1 O

b) Importance and connectivity of the qualities
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Aside from how qualities are affected by or affect other qualities, it is essential to assess if they
are highly connected to the network of qualities or if they act more independently. This
classification is based on the number of relations a qualityrede to other qualities (without
considering the type of connections). This logic helps us to categorize qualities into three levels:

1 If a quality has a relationship with more than 11 other qualities, then the qu&lighig
connected.

1 If the quality has a relationship with anywhere from 7 to 10 other qualities, then the quality
is moderately connected.

1 If the quality has relationship with 6 or less other qualities, then the quality is minimally
connected.

3.1.5.Results and Discussion

Following the proposed method, we deconstadcirban qualities into eight domairgesthetic
accessibility and mobilitysocial interaction, safety and security, recogrilitgband readahty
(legibility), environmental comfort, sense of place, and functidnadrsity and activity richness.
Then, to make them more comprehensible based on the question mentianediithodd
section, we extraet 21 intangible qualities in order todefine and clarify those eight puse
abstract domaindhe following step elaborates more on itt@ngiblequalities, and the tangible
parameters of these qualities will be explotad:able9. Urban quality domains and their tangible
componentseach subjective qualitg explained according tangible parameters.

Table9. Urban quality domains and their tangible components

Domains Intangibles Tangibles
Aesthetic Aesthetic Continuity and enclosure Balance
sense Openness and defined space Harmony
Rhythm Diversity
Accessibilit  Walkability Cultural/educational destinations Average speed limit
y and Sit-ability/lanes and/or walking paths Decreased highway densitpuncan et al.,
mobility Retail destinations 2011)
Service destinations Suitable pavement material
Parks Increased sidewalk size
Median pedestrian routes
Connectivity  Places that connect with each other The degree to which an area has a choic
and Public space network and capital web of routes through i{Cowan, 2005)
permeability  Ease of moving through, putting people before Less culdesacs
traffic Connected travel exchange centers and
Integrating land uses and transp@egions et al., stations (increase in transportation hubs)
2000)
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Convenience

and proximity  Transit stops located next to destinatigpsoject

Access to public transportation

(when/where/f for Public Spaces (PPS).d.)

or whom/what Parking located close to destinations and

Having convenient and suitable seating
options, either in the sun or in the shade
(Project for Public Spaces (PPS).d.)
(Carmona et al., 2004)

made it) accessible parkinfProject for Public Spaces Available water fountains
(PPS) n.d.) Affordable publictransportation
Access to healthcare facilities Diversity of choices between modes of
Easy access to bikes transportation
Convenient for people with disabilitiéBroject Placing public spaces in a convenient
for Public Spaces (PPS).d.) neighborhood access radius
Social Diversity Four conditions for generating exuberant urban 3) The district must mingle buildings that
interaction diversity: vary in age and condition
1) The district (and as many of its component 4) There must be a sufficiently dense
parts as possible) must serve more than one  concentration of peopléCowan &
primary activity and function Rogers, 2005)
2) Most blocks must be short
Cooperativity, Common areas between neighbors Considering third places and thisgaces
interactivity, (e.g., cafés, gaming spaces, bars, casinc
and building lobbies, etc.)
friendliness
Inclusivity, Public places for gathering such as a stomping Thesocial use of spa¢€armona et al.,
activity, and ground or a neighborhood community center  2004)
multiculturalit  Environments for children'’s play Eventdriven space
y People participating in local governance
Safety and  Sense of CPTED(Crime Prevention Through
security safety Environmental Design)
Territory and  Street and sidewalk separation
personalizatio
n
Good Maintaining gathering places Shoveling snow regularly and breaking i
maintenance  Maintaining public playgrounds on the pavement
and Maintaining urbarpavements (e.g., by repairing Pruning trees on sidewalks and bike patt
cleanliness potholes) regularly
No abandoned and/or ruined buildings Absence of vandalism or graffiti
Sweeping, washing, and cleansing of graffitian No garbage accumulation
vandalism(Carmona et al., 2004) No visual pollution
Avoiding clutter by keeping signage to a No dog litter(Carmona et al., 2004)
minimum and using existing postswall
mountings(Carmona et al., 2004)
Recognizabi Urban Emphasizing intersections (nodes) and designii Defined districts
lity and environment  them properly Defined pathgLynch, 1964)
readability ( comprehensio Clear urban edge Visibility
legibility) nand urban  Emphasizing landmarks Use of public art
clarity Implementing recognizable symbols Other memorable qualities
Environme  Thermal Air temperature Radiant temperature
ntal comfort Humidity Greenery
comfort Air velocity
Air quality Air circulation Use of nativematerials in urban
(AQI) Decreased traffic construction
Greenery
Visual Decreased light pollution Minimized glare
comfort Enough lighting in darkness Greenery
Urban Isolating noisy spaces Greenery
acoustic
comfort
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Sense of Historical and The following criteria can summatrize historical Inclusion of common special colors,
place local and local distinctiveness: Historical interest forms, materials, heights, decorations, ai
distinctiveness Architectural interest and built fornbocally urban furniture
important buildings Streets and open spaces,
parks, gardens, treegtting, and viewsAreas
and z on e ssfics Anhaadit af betitage
assetsldentifying the boundaryEngland, 2019)

Attractiveness, Not too chaotic, nor too ordered Inclusion of visual attractions such as
charm, and Visible life public arts, innovation in urban furniture
welcoming Orientation and mystery design, and the use of urban lightings an
Limited visual intrusion special elements
Increased material qualit¢Carmona et al., 2004) Soundscape
Efficient and uncluttered spaéeegions et al., Olfactory scape
2000)
Place Inhabitantdeel pride due to place popularity anc Inhabitantdeel able to describe changes
attachment distinctiveness the physical settings in great depth
Ambiance and atmospheres of the place Inhabitantdeel positive about creating a
Inhabitantdeel resistance to the relocation of  better image
street vendors Community symbols
Inhabitantdeel unwilling to move to another Positive about the suitability of the place
place to sustain life and daily needs
Citizens feel happy while working Economic dependendythe city as their
Inhabitantdeel sentiment over changes in source of income
buildings and spaces Satisfaction with a variety of things
Inhabitantdeel love of the street offered at a lower price
Engagement from morning to evening Satisfied with theeconomic potential
Inhabitantsare defensive about their territory Suitability to personal and social
Inhabitants would feel upset if relocated. backgroundShamsuddin & Ujang, 2008)
Inhabitantsare able to describe the area very wi
Celebration Street celebrations and carnivals Street rituals
Street performances
Functionalit  Diversity Nature and landscape Cultural quarters and public
y and (mixed use) Mix of architectural styles squaregMulliner & Maliene, 2011)
activity Mixed-use developments (Regions et al., 2000)
richness Greenery Connecting ecological organs together and witt Landscaping with water fountains, trees,
(how/where)  public spaces like streets and plants

Use of native plants

Table9 provides detailed information about the qualities and how they can be defined in objective
and tangible parameters. However, as mentione
these qualities is a more cridonaadighborbaddkis vat i c
important, if they are to be implemented into the game platform, then their interaction needs to be
considered too. For example, increasing the greenery might improve overall neighborhood quality

or increase livability, yet simult@ously this could create a dark corner that may decrease
neighborhood safety. Moreover, increased greenery might put a dark shadow on buildings behind
trees, or it may completely cover them, which can decrease neighborhood legibility in some cases.
Therefae, quality connections and interactions are more important than the evaluation of distinct
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individual elements. To assess these connections, we selected 21 subjective qualities from the
previous analysis to explore their relationships and interactiond éd#e10). As mentioned in

the AMethodod section, there are four typologi ¢
connection (2), and contradictiori].

Table10. Twentyoneintangible qualities and their connections
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Aesthetic sense 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 1 2 2 0 0 0
Walkability 0 0 0 0 0 1 0 2 -1 2 0 0 2 0 0 0 1 1 1 0 0
Connectivity and 0 2 0 1 1 1 0 2 -1 0 1 0 0 0 0 0 1 0 1 1 0
permeability
Convenience and 0 2 0 0 0 2 1 1 0 0 1 0 0 0 0 0 1 0 0 1 0
proximity
Diversity 0 0 0 0 0 0 2 0 -1 0 0 0 0 0 0 0 2 0 0 0 0
Cooperativity, 0 1 0 0 0 0 2 2 -1 1 0 0 0 0 0 0 2 2 1 0 0
interactivity, and
friendliness
Inclusivity, activity, and 0 0 0 0 2 2 0 0 -1 0 0 0 0 0 0 0 2 1 0 0 0
multiculturality
Sense of safety 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0
Territory and 0 -1 0 0 -1 -1 -1 0 0 2 2 0 0 0 0 2 0 2 0 0 0
personalization
Good maintenance and 2 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0
cleanliness
Urban clarity 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0
Thermal comfort 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Air quality (AQI) 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual comfort 0 1 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
Urban acoustic comfort 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Historical and local 2 1 0 0 0 1 0 0 2 0 2 0 0 0 0 0 1 2 0 0 0
distinctiveness
Attractiveness, charm, 1 1 0 0 0 2 2 2 -1 0 0 0 0 0 0 0 0 2 0 0 0

and welcoming
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Place attachment 0 1 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0

Celebrations 0 1 0 0 0 2 2 1 0 0 0 0 0 0 0 2 2 2 0 0 0

Diversity (Mix 1 2 0 2 0 1 0 2 0 0 1 0 0 0 0 0 1 0 0 0 0

compatible-Mixed use)

Greenery 1 2 0 0 0 1 0 0 0 0 0 2 2 2 1 0 1 1 0 0 0

Table 10 shows several unconnected numbers that are difficult to extract information from. A
reader might confuse the relationship between these qualities with their holistic performance. To
tackle this problem, we employ Atlas.ti to conceptualize the data imemetorm. The network
consists of nodes and connections in which the nodes represent the 21 qualities, while the
correspondingdomain colors and lines between the nodes represent connections, which are
subsequently explained Trablel11.

We built a network that outlines the &itangiblequalities based on their defined connections.
Figure 8 shows the network of urban qualities. It illustrates that qualities have different
characteristics and roles based on the number and weight of arrows connected to them. Therefore,
assessing qualities in the network helps us understand them in the cbatbgt gualities, which

is more helpful in an urban setting. However, our proposed rules are merely an agreement between
authors to better understand the role of qualities in the complex network of city qualities; they
cannot be generalized as urban diesj and their connections are overly complicated and should

be contextualized according to each particular situation.

Tablel1l Types of connections, their symbols, and descriptions

Name of connection Description Sign

Two-way direct A affects B strongly, and B affects A strongly. Gl

Oneway direct and opposite way A affects B strongly. B affects A indirectly or vice

indirect effect versa.

Two-way indirect A affects B indirectly and vice versa. —>

Oneway direct A affects B directly. B has no effecton A. >

Oneway indirect A affects B indirectly. B has no effecton A. - >

Two-way contradicting A has adeteriorating effect on B, and B has the sami —»
effect on A.

Oneway contradicting A has adeteriorating effect on B, and B has no effect ———----- >
on A.
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Figure 8. Twentyone Urban qualities and their connections

Following the steps of our proposed method, after completing the network of qualities, wedassess
the characteristics of each quality in the network. As mentioned earliehatieyeewrategorized

into three groupsprimary quality(main instigatoy, mediating quality, and consequential quality.
Regarding their importance and theigiht of their connections, they are classifiededtherhighly
connected, moderately connectedminimally connected.

Take, br examplethe greenery qualitywhich has been depicted the equatiorbelow. There

aren't any input arrows (affected relation), and the sum of the output arrows' weight (affecting
relations) is 13, which indicates that greenery is a strong main instigator or that the quality can
affect other qualities without getting affected byestlgualities. Alsosincegreenery has nine
connections (regardless of the tgpd theseconnections), it falls intthe moderatelyconnected
category ie., between7 and 10 connectionshssessing all the qualities with these two methods
provides us witha matrix Table 12) that simultaneouslghows quality characteristics and their
connectivity.

O QQeE QI wP ¢ p ¢ ¢ ¢ p p Pps g po

Table12. Qualitiesrelationshipsand their level of influence

Main Instigator Mediating Quality Consequential Quality
Minimally -connected Thermal comfort
Qualities Air quality

Visual comfort
Urban acoustic comfort

Moderately-connected Connectivity and Aesthetic sense Urban environment
Qualities permeability Diversity Comparison and urban
Convenience and proximity clarity
Good maintenance and
cleanliness
Greenery
Celebrations
Highly -connected Qualities Historical and local Territory and Place attachment
distinctiveness personalization Cooperativity, interactivity,
Diversity, mixed use and friendliness
Walkability

Inclusivity, activity, and
multiculturality

Sense of safety
Attractiveness, charm, and
welcoming

Based on these classifications, parametric urban designers can quantify purely urban qualitative
parameters since the relationship and the level of influence of qualities are, to some extent,
explored and defined. This enables them to translate thesdiaguatito measurable and
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understandable parameters and incorporate them into computer design processes. Also, game
developers can implement qualitative urban factors in their game platforms since they can score
urban qualities based on the results of this research. Eight donsgoseated in this research

could be the main scoring criteria. The game player can change urban physical -phgsical
parameters and see the changes in the eight domain's scores. For example, by considering the
"sense of safety" parameter, the playeuld improve the safety score by increasing the

"wal kability"™ of the area, its fAinclusivity,
Consequently, improving these qualities requires changing some physical parameters listed under
theolh ecti ve sections. I n the case of "wal kabi |l

materials, adding more sidewalks, etc., are all possible objective and physical interventions.
Besides these objective parameters, the player could also improve "Nitgtkély enhancing

other intangible parameters that directly and indirectly affect "walkability." For instance,
improving neighborhood "maintenance and cleanliness" and "air quality” will strengthen
"walkability." These parameters are assessdabie10.

The relation network developed in this research can serve as a base fe&cgamg logic. Also,

the games designed based on this lagiald have didactic aspects since the player could see the
effect of their small changes on other qualitative parameters and see the urban structure as a
network of diverse parameters. Our suggestion for game developers who would like to implement
this sysem is not to quantify the scoring system since the relationship between these qualities is
so complex, and this paper and further research can only serve to reveal a modicum of the
complexity of urban qualities and their relationships. Instead, we woglgest using a qualitative
scoring system (e.g., a color spectrum grid or emajis), to display progress and changes in urban
design. Further research can develop creative qualitative ways to visualize these parameters in
order to decrease the complexityuolban qualitative parameters and improve the didactic purposes

of city-building games.

3.1.6.Research limitations

This research attempts to convert neighborhood qualities to quantitative parameters and
measurable parameters that could then be applied in a computer program. However, there are
certain research limitations, as follows: First, the researchers acknowiedgeducing qualities
to quantities (or assigning numbers to qualities) leads to the degradation of what makes said
gualities unique, but it is presently the only way to adopt a common language between computers
and humansSecond, breaking down and egbrizing qualities has a hypothetical nature, and the
researchers concentrated on selecting qualities that could be comprehensively analyzed and
delineated through objective parametétswever, certain qualitative spatial parameters, such as
the sense of belonging and place identity, were not included in this research due to their intricate
and abstract nature. Future research could explore methodologies to effectively quantify these
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complex parameters. Third, although this research approach to the problem was comprehensive,
the researcher did not have the opportunity to thoroughly parameterize each quality or propose a
precise measuring and scoring index for them. Further investigadidd delve deeper into each
quality, considering its connection to the other qualities identified in this study, and propose
guantitative indices for each parameter. This would contribute to a more detailed understanding of
the subject matter.

Forth, I should acknowledge that the data collection and the assignment of ranks for the
connections between qualities were conducted through a literature review. It's important to note
that this represents a first attempt and comes with limitations in collecting pleisotycomplex

data. In some cases, determining whether the influence was both positive and negative proved
challenging. As a result, for this initial effort, we selected O as the central point. However, it is
clear that this approach will require furthefinement and reconsideration in future research
endeavoursFinally, evenintangibleparameters are not fixed; they are based on interpretation.
Each person has their own perception of subjective qualities. Therefore, future research can delve
deeper into human interpretations of these qualities and introduce a ranking system based on
speific contexts and individual interpretations.

3.1.7.Conclusion

We proposed a method to deconstruct, quantify, and parameteridg pusditative urban

qualities so that they could be incorporated into a computer game platform. The literature review
indicates that most gamification research or game pro@aloperdavedifficulty incorporating
gualitative data i nt o Ibdrdertocadwphuheneplerdepatiomiofn ar y |
complex urban qualitiesioaa game platform, we brokkemdown into eight main domainssing

an expert elicitation consensus thmd. We used three generic urban standard quality
classificationd®PS Public Places Urban Spaces, and By deidnild our theoretical framework.

As explained earlier, the main reason for selecting these three benchmarks is that each one attempts
to deconstruct the Aqual iadpectsandcales.olrhegdaophowevki, f f e r e
have a lot of commonalities and intersections. Our proposed framework integrated these three
approaches to make a comprehensive list of qualities that copétdmaeterizedNext, we defined

each domain imgreaterdetail according tointangiblequalities makingthem smaller and more
comprehensible. We described thdséangible qualities according to completely tangible
parameters. In this way, the purely qualitative concept is broken down into quantitative physical

and tangible parameters. However, assessing and parameterizing one quality without considering
other qualities isiot sufficient since quality is intricate and has complex relations; relatianship

need to be investigated to achieve a realistoterstandingf urban qualities. Therefore, as a third

step, we classified quality connections into four types: direct connections, indirect connections, no
connections, and contradiction. We represented the results in a networkvgrabhywe consider
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to bethe main outcome of this paper. This approeahhelp betterunderstand urban qualities

relations and interaction. Finally, the relation of these qualities provided us with a new metric that
revealed the qualitiesd role in the whole net
types:primary quality(main instigatoy, mediating quality, and consequential quality. Also, we
categorized qualities as either highly connected, moderately connected, or minimally connected.
This categorizatiosouldprovide game coders with a quality metric to incorporate into their game
platforms. Also, this research contributes to urban design since there has been an attempt to
guantify neighborhood qualities in parametric urban design. Further research couddstaipe

forward to explore possible ways of grading and implementing these parameteganmto

platforms and parametric design.
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Section 3.2 Activating Data in the Public Realm
3.2.1.Published abstract

This paper explores how design in the public realm can integrate city data to help disseminate the
information embedded within it and provide urban opportunities for knowledge exchange. The
hypothesis is that such art and design practices in public spaqdaces of knowledge exchange,

may enable more sustainable communities and cities through the visualization of data. To achieve
this, we develop a methodology to compare various design approaches for integrating three main
elements in public space desigrojects: citydata, specific issues of sustainability, and varying
methods for activating the data. To test this methodology, we applied it to a pedogeological project
where students were required to render-daya visible. We analyze the proposalesented by

the young designers to understand their approaches to design, data and education. We study how
they '"educate' and o0dialogued with the commu
research attempts to answer the following questiongd4¢ly can we use data in the design of
public spaces as a means for sustainability knowledge exchange in the city? (2) How can
communitybased design contribute to innovative data collection and dissemination for advancing
sustainability in the city? (3) Whare the overlaps between the projects' intended impacts and the

17 SDGs? Our findings suggest that there is a need for such creative practices, as they make
information available to the community using unconventional methods. Furthermore, more
researchd needed to better understand the skatl longterm outcomes of these works in the

public realm.

3.2.2.Introduction

Sustainability is often perceived within the context of crisis management, under the umbrella of
urgent challenges. However, this 'crisis' mode may also inhibit collective thought and social
change since it can remain broad in scope and focused on tkatpiagurn, it can immobilize

the general community and leave these programs in the purview of the 'experts’, as investigated by
(H. Collins & Evans, 2007)and elaborated upon in the context of sustainability by the authors
(Cucuzzella, 2009)No matter how green our urban infrastructure is, one of the most difficult
challenges in greening a city is to activate the collective intelligence of unsustainable human and
organizational practices and the social structures needed to make thegp®ssiifie. \We observe

that effective action is slow to materialize, as collective knowledge and behaviour change are part
of a larger dynamic that requires understanding to reach a deep political and societal mindset.

If we consider collective civic intelligence, we cannot ignore the urban public realm as a key space
for knowledge exchange. We also see that public spaces are increasingly being used to exchange
knowledge with the communifiyacy, 1995; Picon, 2015; Zebracki, 20182) the same time, data
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has been central in the discourse of sustainability; data is often perceived as a need for monitoring,
a guide for action, and a means for evalug@arcuzzella et al., 2021But how can design in the
public realm activate data to spark collective civic intelligence and even action?

This paper explores how design in the public realm can integrate urban data to help exchange
knowledge and enable a more sustainable community. Our hypothesis rests on the notion that
sustainability in the city can be enabled through the visualizatioatafia public spaces, as these

are essentially places of knowledge exchange. To achieve this, we develop a comparative
methodology to understand the various design approaches to integrate data, design and
sustainability in public space projects.

We used the work completed in a classroom setting by a group of students of sustainable design
to test the methodology and draw some insights into the approaches that emerged. The objective
of this pedagogical project was for the students to explore heydhan activate data through
design, which can also 'educate’ the community about sustainable issues. This pedagogical
approach for teaching sustainable design was intended to produce a variety of ideas for the public
realm that would activate open datdlected by the city that most often remains hidden and not
accessible to most people. This open data represents a series of issues for the city, and this design
exercise aims to render visible, the invisibility of the significance of this data. The peddgog
project focused on all these issues and therefore was considered as the best case to test our
hypothesis.

Thus, our research aims to investigate how collecting and disseminating data in the public realm
through design can address the different domains of sustainability (namely, the social, economic,
environmental, and cultural) while also raising awaess orsoliciting action. We extend our
analysis to understand how the different -mcts relate to the United Nations Sustainable
Development Goals (UN SDGs). Specifically, the research attempts to answer the following
guestions:

1 How can we use data in the design of public spaces as a means for sustainability knowledge
exchange in the city?

1 How can communitypased design contribute to innovative data collection and dis
semination for advancing sustainability in the city?

1 What are the overlaps between the projects' intended impacts and the 17 SDGs?

To answer these questions, we start by presenting the main literature concerning the role of design

in enabling sustainability and extract the tensions that define the design protéssns of data,

design outcome and objective, mode of delivery, anthswable development impact. We then

present the resulting methodology that we propose for studying and comparing the urban public

space projects. In the third part, we present the specific case study used to test the methodology.
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Before concluding our study, we reflect on (1) how the method enables us to develop our
understanding of sustainable design in the public realm, (2) any gaps in the analysis, and (3) if
there is a common thread in the design approaches of these projeid¢spivious publications

have studied each of these elements independently, no previous resear¢hrhpteatto explore

their synergistic outcome within a desijased research approach, deciphering the tensions that
guide projects’ design procesgtoeir overlaps with the SDGs.

3.2.3.Sustainability, the community, and the design of public spaces
I.  Design in the public realm as a means for communicating and enabling sustainability

In the 1960s, green design represented a radical shift for designers, embeddedpirdtien of
ecoawareness, driven by a radical approach that questioned the emerging conspicuous
consumption phenomena and the poor state of the urban cor{@itioret al., 1965; Kallipoliti,

2018; Packard, 1958puring this time, some architects and designers even lived in their structures
to express their connection with natgikeallipoliti, 2018). The didactic efforts of the 1960s seem

to be founded on a vastly different set of motivations from those of modern greer(Mesigrg

& History, 1969, 1969)Today, green design seems to be aiming fordicegnizability of eco
features, as a means to engage with the community and to demonsti@specsibility.

The ability to communicate eaesponsibility is seen as a growing phenomeficze 2011,
Cucuzzella and Goubran 202@) rise in the occurrence of discernible deatures in the design

of the cityd its buildings and public spadgedas occurred in the past few decades, which may
contribute to thigDouglass 2008, Ainsworth 2011, Jain, Taylor, and Peschiera 2012, McMahon,
Monson, and Weinstein 2012, Davis and Turpin 2015, De Aragéo and De Sousa 2015, Cucuzzella
2019) In this emerging phenomenon, projects are not only designed to ledfiemnt, they are

also designed to appear esficient (Cucuzzella 2015)

This phenomenon of embedding messages in art and design practices is not new. Indeed, art and
design in the public realm has the capacity to convey messages to the general population, rather
than just the patrons of art institutions, such as a museume finastices may also have the
capacity to contribute to emergent critical discour@emie Gérin et al. 2010)Increasingly,

public art and design has sought to espouse messages of environmental dediawasoand

Turpin 2015) The basic premise of this type of public art and design, which aims to synthesise
concerns of sustainability, is to enable collective aware@essworth 2011) As early as 1995,
Suzanne Lacy described this new genre of public art as work that has the capacity to contribute to

t he fAcommon goodo when (Latysl®95)teadpoint of bacdméng @ u b | i

political act(Zebracki 2015)
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This phenomenon has been more recently referred to as atidectic approaciiCucuzzella,
Chupin, and Hammond 202®ccording to these authors, edmlacticism in the public realm can
be characterized by spaces that are designed to deliver anessage through expressive,
informative, and educative mear@ne characteristic of eetidacticism is the desire to inform
visitors ofa p r ogdreerc qudlises by encouraging them to think abiaitphysical and
connotativefeaturesCucuzzella et al. (2020) refer to thisasognitive experiencelhis implies
that some of the eefeatures must be made visibly obviousvigitors to deliver clear and
uncontestable information throu@drmal qualities This requires @aommunication approactor
disseminating the desired message based on collective conskEnsusgossible to identify
characteristics that are not only deatures attesting to resource performabcé also explicitly
seeking teexhibitthese features to visitors.

In the next few paragraphs, we provide a brief introduction to the three main areas that are key in
the process of designing installations in the public realm that incorporate data for communicating
sustainability directly to the community. These are: datkected by the city, the broad notion of
sustainability and the smart city, and the UN SDGs as a potential metric.

3.2.4.Data in the city

Today, data is increasingly perceived as an object of disidrere the objective is to find
innovative approaches to either communicating existing city data or collecting new forms of data.
Data in the built environment has been used for a variety of meéanexample, it has been used

as a feedback mechanism for responsive environments to better manage urban operations and
resource$Geels 201Q)Furthermore, the collection, sharing, analysis, and availability of data have
been recognized as a critical means for tracking and, in turn, achieving sustainable development
(Gusméao Caiado et al. 2018)his practice highlights that data, while being a managerial
necessity, allows for novel connections with citiz€@ampbell 2012)As such, we increasingly

see data being used to exchange knowledge with the community, either through phone applications
or through digital or interactive devices placed throughout the city.

However, data can only be operationalized when coupled with effective information and
communication technology (ICT). The application of new technologies combined with ICT has
been viewed as a cornerstone for smart develop(Masannenzadeh et al., 201iOr improving
monitoring and for building knowledgdCitizenship and Commission 2016pnd for
democratizing growth, ensuring equal access and encouraging participatory (adNieiSD

2016, Schelings and Elsen 201@pmmunicating data to urban citizens and users of interior or
public spaces has been shown as an effective way to inform actions and, in many cases, even
change behaviours. This can be applied to energy actions, for ex@@askedeMansilla et al.

2018, Lee, Ryu, and Kim 2018, BenaveRieces 2019)
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3.2.5.Sustainability and the smart city

Antoine Picon has recognized that a smart city houses digital tools that allow the optimization of
its functioning and sustainability gogBicon 2015) This author claims that these tools can also
address the quality of life of inhabitants, as well as the types of relationships they maintain with
one another. Picon states that the smart city is inspired by a deliberately technocratic emphasis,
with its programmed monitoring and effective management. Thus, a connected city may initially
seem opposed to the smart city, but the two are actually mutually complementary. This is because
the smart city sets out to reinvent collaborative citizen experiencedasponsly where
collective experiences can help envision and embody positive futures (Picon, 2015).

These experiences would be nourished by, and ultimately contribute to, both the human and hard
sciences. Bisello et a{2017) propose that smart and intelligent cities are encapsulated by the
sustainable city visiah where the social, economic, environmental, and cultural dimensions are

in balance. Cucuzzella & Goubr§®019)define a "blended project” as a theoretical framework

that addresses sustainability and smart cities' concerns at once through cultural developments.
They propose that blended projects can accomplish a multitude of outcomes: (1) they are well
integrated wthin their context; (2) they can effectively manage natural and energy resources; (3)
they can improve the quality of life; (4) they can encourage local culture production; and (5), most
importantly, they are activated and programmed. They are also appeoie their users and
environmentally sound. Thus, the blended infrastructure projects are means for a sustainable vision
that can also generate a unified brand (i.e., the city as destination) and present a sense of place that
is unique, tangible, anetlevanf{Palermo, 2014)Figure9 illustrates the relation between smart

city and cultural development strategies through the lens of sustainability, in which their sum is
the potential for blended projects.

This research considers public blended urban design projects as potential enablers for
environmental, social, cultural, and economic sustainability. This cathievedthrough ‘the

intrinsic linksbetween cultural diversity and biodiversity, through its influence on consumption
patterns,and through its contribution to sustainable environmental management practices as a
resultof local and traditional knowledge(UNESCO 2013) It is important to note that the
intersecting boundaries éfigure 9 by Cucuzzella and Goubrg2019) are figurative in their
definition, considering the complex reality of urban projects described by Dovey & [26ti4).

Even projectshatadopt gpredominantly smaitity approach will inevitably include some cultural
development aspects. Although these complex and intertwined relations cannot be ignored or
reduced to single labels, they are approached and categorized in this paper based gméns’ desi
implicit intentiors.
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Smart-City + Cultural Development |= Blended projects

Figure9. The relations between the pillars of sustainability, the two approaches to urban renewal (smart city and cultural
development), and the resulting blended project (adopted from Cucuzzella & Goubran 2019).

3.2.6.The United NationsSustainable Development Goals (SDGSs)

TheU N &630 Agenda, approved in late 2015, marked an important shift in the global sustainable
development effort(United Nations 2012,Wy s o k i Es K.a Struct@redl 1afound 17
transformative goals, the SD@sd theirlist of clear targets are expansive and comprehensive
(Jayasooria, 2016)Jnlike previous sustainable development agendas, the 8R@scompanied

by a global calto action while also offering a stable definition for sustainable development that
designers can seek in their wérkomethingessential in the context of infrastructudesign and
construction(United 2016, AllenAllen et al., 2018; Pedersen, 20X8oubran and Cucuzzella
2019b)

Today, the SDGs are becoming an essential tooffisding public and private sustainability
efforts. This is also the case in space design and architecture, as seen by the SDG architecture
guides published recentl{( KADK), Architects, and Goals 2020Within the scope of this
research, both "data" and "cities" are considered cornerstones for achieving the agenda's targets.
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ICTs' role as an enabler for development has made it the focus of several SDGY Wanitgds
Nations 2017)In their review of ICT's role in the 2030 Agend@a & Tjoa(2016)proposehat,

while expanded technolampl infrastructure and usage might result in environmental drawbacks,
ICTs enable unprecedented development capacities. This includes developments in information
access, supply chain management and integration, crowdsourcing of data (regarding health,
wellbeing and financepnd predicting and controlling disasteRecentesearch, such as the work

of Kostoska & Kocarey2019) is already highlighting ways ICTs can better align with the goals

of the agenda for example, by adopting holistic approaches aiming to integrate knowledge from
thegovernance, sustainability, and data scisnce

Researchers have also explored the roles of cities and urban environments in achieving the SDGs.
Goubran(2019)found that more than 40% of the agenda's targets are dependent on construction
and real estate activities (understood as designing, building, maintaining buildings and
infrastructure), and that those activities can directly sustainable developmentRgsaarchers

have also found that the SDGs and their indicators can provide a more balanced and integrated
approach for applying urban sustainability principles and monitoring progress towards sustainable
developmen{Maes et al., 2019However, their local application (i.e. in an individual project or

a specific urban context) has proved challenging due to their generic characteristics, global focus,
and the many topics they covdZinkernagel et al., 2018)Consequently, developing
methodologies and frameworks for integrating the SDGs in the design and analysis processes of
projects is key for meaningful integration. This was attempted in available publications such as
(Alawneh et al., 2019; Di Foggia, 2018; Goubran & Cucuzzella, 2019a; M. A. B. Omer & Noguchi,
2020)

Against this backdrop, designers have a crucial role in exploring and materializing the links
between their work and the 2030 Agenda. Goubran & CucuZ@adlabran & Cucuzzella, 2019b)

have suggested this process has to happen in the early desigé stegesure that the SDGs are
embedded in the desi gner ¢BoutinathaD05;tHh €.iNelsop& 0 ect
Stolterman, 2012)in the context of this research, understanding the overlaps between the intents

of city-focused design projects and the SDGs can further reveal the potential contributions of city
elements to global sustainable development efforts.

3.2.7.The Tensions Defining Urban Project Design

Given the above three areas of research, which, when considered together, may contribute to more
sustainable cities, we describe in the next subsections the series of tensions to consider when
designing for sustainability, particularly when aiming to comioate a message to the general
public, using data. The first series of tensions is represented by the imperatives of the four pillars
of sustainability. Design projects often focus on one of these domains, while aiming to address the
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others without compromise. This is a difficult balance. We have also organized the four categories
of tensions, defining the project design process as (1) the direction of the data exchange, (2) the
design impetus (or motivation for its existence), (3)rtiuele of delivery of the message it seeks

to convey, and (4) the sustainable development impact (SD Impabtg 1 at the end of this
section, presents a summary of these tensions with their associated references.

3.2.7.1.Defining the four domains of sustainabilfty design projects in the
city
I.  Environmental

We refer to the environmental projectasethat addresses ecological issuesme thaincreases

public or individual awarenesd$ ecological sustainability on a city scale. These projects aim to
reduce environmental impacts by reducing resource consumption orexssions inthe
environment(J. Nelson & Grayson, 2017The design approaekhadoptedare often based on
solving problems and limit their scope to areas of known environmenta{Rigicen, 2003)
Although some projects seek solutions at the building, neighbourhood, or even city scales, the
impacts emanating from these built projects affect the whole ecosystem. Indeed, UNESCO has
placed environmental sustainability at the core of its work andrecfiUNESCO 2020)Its four

main goals are: establishing a certified Environmental Management System, reducing carbon
emissions, eliminating singlese plastics, and protecting biodiversity and promoting urban
agriculture.Design projects that can be categorized as environmental aim to contribute to the
ecosystem's wellbeing.

Il Social

Barron and Gauntle{2002)describe social sustainability as a system or structure that actively
supports future generations' capacity create healthy and livable communities. Socially
sustainable communities are equitable, diverse, connected, and dem®@bstigrovide a good
quality of life. Besidesthis, other elements can include: unity of the community, comity,
compassion, forbearance, fellowship, fraternity, diversity, humility, sodality, tolerance, patience,
love, institutions and pluralism, and the generally acknowlkaghies of discipline, honesty, and
laws, etc.(Awais et al., 2019)According to Polese et al(2000) policies necessary for social
sustainability requir@a more equitable fiscal situatiometintegraton of all communities within

the city into a cohesive whole, arfgeprovisionof equitable mobility systems for access to public
services and workplaces, all within the framework of an open and democratic local governing
structure. A design project can be considered within the social domain when it aims to strengthen
regional and verrauilar connections and support communities to achieve a dynamic society.

97


https://www.mdpi.com/2071-1050/13/8/4577#table_body_display_sustainability-13-04577-t001

1I. Economic

Theories in economic sustainability focus on the efficient usage and fair distribution of goods
(Awais et al., 2019)Thus, economic sustainability(Grodach & LoukaitotSideris, 2007) be
understood as a group of practices that will support economic growth without hindering a specific
community's environmental, social, or cultural capacity. One possible apphesehs to
strengthen or even enable entrepreneurial opportunities, directly affecting economic growth
(Grodach and L oukAnoetheroemam@a cdneinclude offeridgintliaiduals price
incentives for local products or services. These types of services may also have beneficial rebound
effects. In this particular example, this service can also raise awareness about resource
consumpibn and help prevent damage to the national economy. A design project can be considered
within the economic sustainability domain when it aims to strengthen individuals' or communis 0
econonic aspects

V. Cultural

Grodach & LoukaitotSideris (2007) define sustainablycultural projects ashosethat seek to
create a positive city image, improve the quality of life, focus on community development, and
encourage the local production of culture through arts and education. However, the cultural pillar
of sustainability can be broad. The UNESCO GldReport on Culture for Sustainable Cities,
Culture: Urban Future, highlights that

ACul ture and devel opment have |l ong had a
although this has only gained momentum at the international level over the pasr80The
evolution of holistic approaches is intrinsically linked with global debates, in particular those
around the concept of sustainabilitfyhesco, 2016p.18.

Furthermore, urban design projects in the ciy specifically aim to sensitize the community
about aspects of sustainability issues. This phenomenon is increasing see more art and
design projects that aim to place gunessages directly in the public reé@ucuzzella et al., 2020)

Thus, a project can be thought to address the cultural pillar when it aims to increase awareness
about cultural issues in society.

3.2.7.2.Dataexchange direction

Collection versus Dissemination
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Within "big-data” exchange processes, there is always a tension between the collection and the
dissemination of informatiofGardner et al., 2019dh sustainability science and citizen data, this
tension is usually named the datall and push proceg§arkhan, 2020)In many cases, the
collectionanddissemination have to happen in parallel or with a balance, where the applications
usually involve Stakeholders needing to have access to-ties generated data sets and
analytics from populations as large as a metropolitan community and be able to respond to as well
as disseminate information to these populatifidanchariya et al., 2015a)/hat is essential is

that the collection (pull) or dissemination (push) of data might depend extensively on the context
and developmenrtroblem area of focasi & Williams, 2018a; de Andrade Guerra et al., 2020a,;
Kiiti & Hennink, 2017a) In the context of design for enabling sustainability in the city, it is
important to analyze the application or design's primary fungtimscillating between the
collection or dissemination of data and information.

3.2.7.3.Design impetus
I.  New-artefact versus Produatigmentation

The definition of a new product or artifact can be considered a hierarchical combination of
elementary subsystems where each of these subsyatededicated to consumers' satisfaction

and expectatiqiotteland & Haon, 2005As Lancaste1966)first suggesteda producimay be
conceptualizedhs a basket of attributes (physical and symbolic) that seek to satisfy consumers'
needs.Innovation may classify the ides'new'and a radical shift from its precedents, if any
There are two main criteria for innovation: the degree of novelty and the novelty's nature
(Gotteland & Haon, 2005)According to these authors, a product can be thought of as a
composition of technical subsystems and linking mechanisimsing mechanisms refer to how

the new subsystems can be integrated within the new product: is the linkage completely different
from the previous version? Based on this, it is possible to distinguish between modular innovations
and architectural innovats. A modular innovation changes the subsystems without changing
how they are linked. An architectural innovation imposes a changhanlinks that unite the
subsystems. As such, we can think of design as proposinganiéacts or presenting
improvements, or augmentations, for existing products.

II.  3.3.2. Product vs. System

In this tension, we considered whether the project proposed was the design of an artifact (a
technical problem) or if the design considered the system within which it existed and sought to
address this larger complexity of its environment (a combined itathsocial and cultural
problematic)Cucuzzella, 2016)The main difference between a product and system approach is
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that the systeAbcused design pays attention to the relationships thakthertifact has with the

other elements in its context and how these other interconnected elements are influenced by this
new desigfArcher, 1965; Baxter, 1995; Csapo, 2Q05)a product is focused on questions of
affordance@Fisher, 2004) efficiency (Lye et al., 2001)or even aesthetid®ovey and Ristic

2015) then the product is embedding itsefthin a system. In this case, it is addressing these
gualities while aiming to understand ttignamics of the new artifact within the larger context in

which it lives (Madge, 1997; W. Ulrich, 2000)Therefore, aisy st em f ocuso woul
comprehension and articulation of the dynamics, influermzes)pacts of the new artifact with its
environment . Wh er e as cansidfepits wideuiofluencesooc imgacsidd o e s n
remains purely technical.

3.2.7.4.Mode of Message Delivery
I.  Physical versus Virtual approach

Increasingly societies and humans interact within the digital w@tdelidou, 2015) A
connected society enables greater socialization while remaining contactless, living in the virtual
(Picon, 2015)A virtual mode of message delivery would entail an artefact that lives in the digital
world, enabling a message to be delivered through the means of the conne{@ahptyell,

2013) On the other hand, a physical artefact in this research project is defined as one that is
embedded in the public realAinsworth & Wales, 2011 )where the general public can experience

it through their physical senses. An example of a physical artwork in the public réedr\iatch,

an artwork exhibited at COP21 in Paas2015United Nations Conference on Climate Change.
This famous public space artwork by artistsby Olafur Eliasson and Minik Rosingf is an
intervention in the very physical city, as spectators often are photographed touching the melting
blocks of ice standing idly in the public realHowever thousands of peopleeretouchedby this

piece without ever visiting the actual sit@ Paris. They discovered the artefact through its
accompanying website, as well thsough the media that pouredt after each installation. So,

even iflce-Watchis a very physical installation, its virtual presence and pressaanit touch
communities worldwvide (Van Dijk, 1993) This public space installation is therefore adopting
both a physical and virtual approach.

Il Consensus vs. Dissensus

Communicating econessages can happen in a multitude of ways. If we condideb e r ma s 6 s
theory of communicative action, we see that the most substantial argeneapsulate elements

of objectivity, subjectivity, and normativitfHabermas, 1985)Specifically, thecommunication
approach of the intended message of andédactic work can span fromne that is universally
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accepted (using the conceptual model of consensus) to onesuidlies or even subversive (using

the conceptual model of dissens(idpuffe, 2000; Moufffe, 2007)When communicativactions

are conveyed, not through words, but physical or virtual artifactstlieehree dimensions of the
communicative action must be considered a little differefity.example, the readability of the
message and who i s 0 aladddtionalgaitical dimenserafdr the workp r o d u
(Ranciére, 2009)

An example that would illustrate the difference between consensus and dissensusttasd for
the mode of message delivery is the work byWolf Vostell. His work, wdegiicts a car made out
of concrete placed in the public realm, critiques the ubiquitous u$e @utomobile. This is an
example of how public art can deliver a message that is alvegltlynderstood in the community
(consensus), yet also provides a visceral experience.

3.2.7.5.Sustainable Development Impact
I.  People vs. Planet

The development of products inevitably places the burden of environmental degramation
individuals rather than corporations. Humans feel the brunt of the respongibdity t he pl an
degradation, yet corporations are the main cuffpaylor & Watts, 2019)Taylor andWattsstate

that A20 fossil fuel companies whoccmlraseevee nt | e s
can be directly linked to more than etieérd of all greenhouse gas emissions t he moder n
(Taylor & Watts, 2019 p.1). Given that the increasing impacts of human activity tiog@
environment on all scales have outpaced the systems and processes of thematarahent,

humans are equally increasingly striving to find innovative ways to adtiisssibalancéSteffen

et al., 2007) As innovations in new materials, new technologies, and omnipres¢amtare
increasingly seen a sfuturehtleere firisas andassociatetanciagifronn h e c i
the primary causes of our planetary condifionJackson & Senker, 2011iscourses about
environmental crises and damages continue daily, and with this, a sense of despair and
powerlessness emerges, a sensation that Glenn A. Albrecht describes as a form of ecoanxiety,
Solastalgia(Albrecht, 2005) Are the social and organizational problems that humans face not
better dealt with from a systemic lens? Can efficiencies at the product level help socigiges in

guest for a more sustainable planet? This tension considers where the primary bétedits
message being delivered are most focused: the planet or the people.

[I.  Raising Awareness versus Soliciting Action

The public realm is the space of collective experiefeasn, 2008) Increasingly, art and design
in the public realm has taken on the goal to enlighten the public about environmental catastrophes
(Davis and Turpin 2015) Even ifthese works aim for social transformation, however, this may
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require deep shifts in societal structiHswkins et al., 2015)Some of these works enable
emotional experiencg®avis and Turpin 2015while others aim to visualize scientific data to
action through principles of knowledge exchange for environmental i¢€wesnovic et al.,
2016)

Consider IceWatch again, the melting blocks of ice are quite clear in theinezssage, and the
workos aim to raise awareness i s quite eviden
each of the 12 chunks of ice are equivalent to the globaliat of melting ice per second. It is

difficult to understand how to change the situation of melting glaciers, however, as the artwork
offers no suggestions for how, at the individual level, one can begin to take action. There is
however no direct soli@tion of action, and, given that the problem of melting glaciers requires a
systemic understanding of greenhouse gas emissions from a development perspective, viewers are
left powerless. Even if the egunessage is extremely clear, the action to be takengmve the

situation is no{Weintraub, 2012Zebracki 2015)

[ll.  Community versus Individual

Artworks in the public realm can be aimed at the community or the individual. In some cases, the
works may enable dialogues directly in the public re@auffe, 1992; Thomas, 2013)n these

types of art and design works, both communities and individuals, are intended as the audience,
which may result in both conceptual or physical processes of interéBiemchini & Verhagen,

2016; Blevis & Stolterman, 2009)

Thegoal in all theseypes of works in the public realmto exchange knowledge disseminas
messagefBorgdorff, 2010; Nilsson, 2009Returning once more to lé&atch, the work intends
touch an entire communityt sparks aremotional connection between the public (a community

of viewers) and the topic of melting glaciers. It may not enable individuals into action, but it makes
communities acutely aware of the damages to our environ(Bamtup & McNulty, 2006;
Brynjolson, 2012; Ferilli et al., 201.7An example of a work that activates the individual directly

is the Washed Ashore eent installation by artist, Angela Pozzi. In this work, there is a call for
citizens to help collect waste that has washed ashore. This debris, mostly plastic wastebyis u

Ms. Pozzi to create the series of artworks exhibited along the Shteework touches and
enlightens the community at large, but it also focuses on the individual by mobilizing them to take
action.This highlightsthe £nsion between community or individual focused design.

! https://washedashore.org/
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Tablel3. Summary of the tensions defining using data in design sustainability in the public realm.

Categories

Tension

Reference

SUSTAINABILITY

Tension between the Environmental

(World Business Council for Sustainable

DOMAIN OF social, economic, Development (WBCSD) 2000, Princen

CONCERN cultural, and 2003, UNESCO 2020)
environmental Social (Polése and Stren 2000, Awais et al. 201¢
domains of Economic (Grodach and Loukai
sustainability. Awais et al. 2019)

Cultural (Bokovo 2016, Cucuzzella, Chupin, and
Hammond 2020)

DATA Tension between collecting data from th (Asi & Williams, 2018b; BenaventBeces,
community and disseminating data 2019; Casaddlansilla et al., 2018, 2020;
through design to the community. Corporate Citizenship & Business &

Sustainable Development Commission,
2016; de Andrade Guerra et al., 2020b;
Gardner et al., 2019b; Geels, 2010; Gusn
Caiado et al., 201&iiti & Hennink,

2017b; Lee et al., 2018; Mosannenzadeh
al., 2017; Panchariya et al., 2015b;
Schelings & Elsen, 2019; Tjoa & Tjoa,
2016b; United Nations, 2015; UNRISD,
2016)

DESIGN Tension between designing an entirely  (Gotteland and Haon 2005)
new artifact and designing only an ao.

Tension between produand system (Archer 1965, Levy 1991, Madge 1997,

based design. Baxter 2000, Ulrich 2000, Lye, Lee, and
Khoo 2001, Fisher 2004, Csapo 2005,
Dovey and Ristic 2015)

MODE OF Tension between a physical or virtual ty} (Van Dijk 1993)

DELIVERY OF of solution.

MESSAGE

Tension between activating widely
accepted knowledge and encouraging
provocative debate.

(Habermas 1984, Mouffe 2000, 2007,
Ranciére 2011[2000])

SUSTAINABLE
DEVELOPMENT
IMPACT

Tension between raising awareness anc
soliciting action.

(Weintraub 2012, Zebracki 2015)

Tension between community and
individualfocused design.

(Borrup 2006, Brynjolson 2012, Ferillia et
al. 2017)

Tension between project benefits to
people (and their socieconomic system)
and benefits to planet (general ecologic:

(Steffen, Crutzen, and McNeill 2007)
(Jackson 2009)Albrecht 2005) Taylor and
Watts 2019)
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benefits flora and fauna, nehuman
benefits).

3.2.8.Methodology
3.2.8.1.Approaching City Projects and ti#nalysis Method

To study how city projects navigate the tension between sustainability, data, design,-and eco
messages requires a type of expertise that is rooted in the specific design problems. As proposed
by H. Collins & Evang2007) this would be considered internal expertise. Thus, the researchers
analyzing these tensions would also need to understand the outcomes of the design process and
designers6 intents. The experts who cality analy
to the topi® e.g., they should be designers focused on studying and creating similar urban
projects. As such, the analysis becomes in itself a type of reflent@action, as proposed by
Schon(1984b) This approach is in line with the practices of architectural judgment, such as those
used in competitions and design critiq@€supin, 2011; P. Collins, 197.1)

Pedagogical design projects present a fertile space for such analysis to be conducted. Education
design projects offer the possibility to formulate briefs and requirements in a way to guide students
to explore the tensions presented earlier. Thus, ankeurdatlife projects or built case studies,

the pedagogi cal projectsd outcomes would all
limited by reallife constraints (such as econonaicbureaucratic). Additionally, the diversity in
student backgrows and interests would generate a rich variety of projects and ideas to be
explored. Moreover, course instructors are fit to provide a polymorphic reflection on design
outcomes based on the dialectic instruction and assessment offidesigged projects.

We adopted an expert elicitation process, to involve the teaching team as expertd who are
directly engaged in developing the design projects. Some critiques wfdtiied have been voiced
by scholars in public policy developmegiitemming et al., 2018; Morgan, 2005owever,this
methodology has gained much ground in studying sustainability and sustaleablepment
issues in the last feyears. Recently, it has been used to understané\aidate the SDGs and
their links to various sectairiven activitiegAllen et al., 2018; McCollum et al., 2018; Y. J. Singh
et al., 2017)

3.2.8.2.Selected Case Study: Contributing to Sustainability through the Smart
City
The case study we selected comprised ten projects, an outcome of a designaxgentized for
a firstyear publies pace sustainabl e de s itgsostamabilitydtihraugh t i t |
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the smart <cityo. Thi s e x erpminciples embadled dviths thg n e d
theory of ecedidacticism in the public realm. Furthermattige main objective of this exercise was

the democratization of the open data collectedazadable by the city data which most often

remain hidden from the majority of the urbamopulation. These firgtear students were required

to imagine how these data can be usethe design of an urban installation, while making the
invisibility of the data visile tothe public.

Il n this exercise, the term Asmart comrtheni tyo
cityds intelligence. Thi s embraces bylPeonbr oade
(2015) Students were required to explore how open data can be used in urbamprdgsiga such

that they can contribute to heightening awareness about sustainability ¢ontimeunity. The

design questions that framed the projects were as follows:

1. How can we include civic engagement in the way smart and sustainable comnaugities
developed?

2. What data are neededdaable this civic engagement?

3. If the data do not exist, how would you ensure that information is appropriately and
continuously collected?

While the City of Montreal made some data publicly available and accessiblestodbats, these

data were not activated in design by the city. In other words, the datairwesible to the
community, even if the datasets were housed on the open data pthréalarm of datasets. Some

of the datasets were mapped (i.e., using graphical methedpresent specific datasets) on the
cityds website; however, thésh data caultd pe utiized merel t o
creatively to inform citizens ansblicit positive behaviofrom communities. Some of the design
proposals by the city representatives inclutihexdfollowing:

1 Largescale public data mapping and visualization;

Processing and using public data in artifacts that communicate concrete atoready

messages;

Promoting and valuing contributions from citizens in creating data and information

about the city;

Considering how data are governed when add
data portal;

Hel ping to recognize the truthfulness and

= =/ =2 =4 -4 A4 A -2

data creation;
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1 Harnessing the potential of digital technology to promote civic engagement and
1 improve democratic practices (e.g., Civic Tech group).

Students could choose from three alternatives regarding how they would incodadaateo their
design project:

1. Using existing and already collected data from the city: Students were expeaateditte
how these data could be designed into the public realm to help commuattes
understand theirelevance and help them become more aware of sustainabsitgs.
Here, the students focused on disseminating these data through their @esigos
Ateachingd communities about Somerswticst ai n a
interactive methods.

2. Exploring how new data can be collected: The students were expected to fintbways
gather new datasets not currently available in the city database. In other thexds,
designed a mechanism to obtain new data on a regular and sustainable basis.

3. Combining both mentioned strategies: The students were expected to utilize elasiing
while complementing them with new data or simultaneously collectingl@sdminating
the data through their design. Thus, their task was to find how theoitgl collect new
data in engaging ways while also seeking new mechanisn@atfarms to communicate
that same data.

Table14 presents the ten projects that were used in this study. We have iniclubisctable
the title, the submittedposter, and some other details that would enaldenaprehensive
understanding of each project submitted. In the following sectiordeseribe the analysis
process and outcome

Tableld. . A summary of the design outcomes, including projects title, submitted panel, overarching objective and message.

Project title lllustration Problematic Overarching What is the message
Objective or imperative?
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The Power in
the
Reversibility of
Light Pollution

The Power in the
Reversibility

Le pouvoir dans la
réversibilité de la

pollution lumineuse of Light Pollution

Light pollution
data

Introducing a
new way of
collecting light
pollution data

Taking part in a short
activity that will teach
people how to
measure the brightnes
of the current sky,
which further raises
their awareness of the
city's lightpollution.

AQI Accessible

Air quality
information

Monitoring
and displaing
air quality.

Not only educang the
public, but also
providing them arole
in gathering data
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Trouble With
Takeout

The goal of educating
consumers on this
subject is that they will
environmentally
frlendly products and

One of the greatest
cantributing factors to the
canstantly groveing rate of
landfills is single use
plastles and styrofoam
<ontainers,

Our project alms to
inforn consumers on
which restaurants and
cafés near them have
environmentally
friendly packaging and
which den't.

Probléme
avee emporler

= Wi il ach 2 our gual of
EdUCstieg conELmErs an thie

thay cisposad of ¢ This data wil
be utiized cr 3 mebile spplicstan
et prevides o map st g lbe
differant restsurarts and efes i
Nantras , anet what kind of bkt
contsiners they provics. This w |
provice nentive for hese
T oslablishinir ks 1o paide more
ecofier iy fakaout cants ers
TS PG e T a0 Gt
environmmen:

Growing
incidenceof
single use
plastics and
Styrofoam

Developingan
app.

containers

Informing consumers

on which restaurants
and cafés near them

have environmentally
friendly packaging.

Car Commute A
Awareness

Making an
installation

Increasing
number of cars
on roads

Billboards and lights
receiveand announce
data such as number
of vehicles passg the
bridge.Project
attempts talecrease
air toxicities and
traffic.
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Under
Artificial Skies

Light pollution Making an
and energy installation
waste in
Montreal

Quantifying the
amount of energy
wasted overnight due
to light pollution to
raise awareness.

The Smart Bus
Stop

Don't wait,
learn instead!

The Smart Bus Stop

Don't wait, learn instead!

Amount of Making an
carbon installation
emissions from

individual

cars.

Making people aware
of their daily carbon
emissions from taking
the car and how they
can escape such
emissions by taking
the bus

Our
Unsustainable
CoffeeHabits

Waste generatec Making an
by the installation
consumption of

singleuse coffee

cups.

Raidgng awareness
amongthe residents of
Montreal regarding
the issue of the waste
generated by the
consumption of single
use coffee cups.
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Late again? Efficiency in Developingan  Increaig efficiency
ENCORE EN RETARD? public app. of public
transportation transportation in
Montreal
llluminated Energy Making Construcing
Neighborhood consumption installations educational data

visualization that urge
resident to track their
home energy use and
to develop more
sustainable habits.
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Rootrade Scarcity of Developingan  Acting as a grocery
Montreatnorth  app store map and cost
grocery stores comparison app and
low-incomes allowing busy
among residents residents tgurchase

nutrientrich
vegetables from
growers at
greenhouses nearby

3.2.8.3.Analysis Framework

We designed the analysis framework around questions that address the capegseistd in

Table 14: (1) How does the project relate to the topics of the SDGs? (2) What t he pr oj e
sustainability area of concern(s)? (@pw does the project situate withthe eight tensions
identified across the dataxchange direction, the design impetus nioele of message delivery,

and the SD impactPhe overview of the analysis framework is presentdeigare10.
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FigurelO. The analytical framework for assessing the design project

3.2.8.4.Analysis process

To analyze the design outcomes of the young creators, a committee of five experts (i.e., with direct
expertise about the specific projects of the study) was put together. This expert group was
composed of the studio instructor, the reviewers, and teaahthgesearch assistants involved in

the firstyear design studio. The aim of the analysis was to discuss, judge and critique the projects
by the submitted design panels and project descriptions and to arrive at an answer to the questions.
Figurell presents the overall process of the structured expert elicitation process.

Pre Elicitation Elicitation Post-Elicitation

I

1

i Design Panels
[ 1
[ i
1

1

I \l/

: { The students were asked to
I
I
1
1
1

fuse the course content related

]

]

1

1

1

1

1

1

1

1

1

1

i

Data analysis |

Y

1

]

1

1

1

1

1

:

to the SDGs :
1
1

__________________________________________

Figurell. Expert elicitation process. This diagram is based on Refefldeaaming et al., 2018)

As part of their project proposals, teidents were asked $elect the set of SDGs thhat they
understood could captureh e i r p r o €lheir éhsicepwrie based thevc@usse content
related to the SDGs (which included a presentation, group discussion and class.adtivgyin

this research, the students completed the first step in the framework propdsedranl0.
Following this primary student input, tlegpertpanel completed the remaining analyssg the
structured expert elicitation method proposed in Hemming @0dl8) The results reported are
considered a manifestation of thee v i ecansensusregarding each of the projegith their
justifications presented in the comments. Overall, the experts arrived at consensus and justified the
120 analysis points.
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3.2.9.Results
3.2.9.1.0verview of results

In terms of the SDGs, the students mostly selected SDG 11 (sustainable cities and communities)
as thar key area of focu$ with all 10 projects linked to it. Thisvas followed by SDG 4
(education), with 9 projects. This choice was justified by the will of the students to raise awareness
and educate city dwellers about sustainability, ecologicalimate changeelated issues. This is

not surprisingsince the students were asked to develop a design that would be installed in the
public realm and that would allow knowledge exchange or dissemination using the city's open data
or new data collectedinally, SDG 12 (sustainable consumption and production) also received
significant focuswith six projects. Other SDGs were selected based on the thematic focus of each
project, such as food (SDG2), wellbeing (SDG3), energy (SDG7), infrastructure (SDG9), climate
change (SDG 13), biodiversity (SDG 15), and partnership (SDG 17). No projettedebDG 1
(poverty), SDG 5 (gender equality), SDG 6 (water), SDG 8 (economic growth), SDG 10 (equality),
SDG 14 (marine ecosystems), or SDG 16 (peace and strong institutions). While some gaps might
be justified by the context of Montdegsuch as SDG 6 and 14), other SDGs that were ignored
might point to gaps in dadiaguiding design towards primarily infrastructural and rescémcased
sustainability challenges (based on the SDG categories propofleachy et al., 2016; Waage et

al., 2015) These findings are illustrated kiigure12.

mSDG 17
mSDG 16
mSDG 15
mSDG 14

mSDG 13

mSDG 12
SDG 11
mSDG 10
. mSDG9
mSDG 8
B
mSDG 6
. mSDG 5
1 mSDG 4
mSDG 3
H B BB
0

1- Rootrade 2- Trouble With 3-The Powerin 4-llluminated 5- AQl Accessible 6- Car commute 7-Under Artificial 8- The Smart Bus 9- Our 10-Late again? mSDG 1
Takeout the Reversibility Neighborhood awareness Skies Stop Don’t wait, unsustainable
of Light Pollution learn instead! coffee habits

5
4 .
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aSDG1 mSDG2 sSDG3 mSDG4 wSDGS5 mSDG6
SDG7 mSDG8 uSDGY9 wSDG10 xSDG11 mSDG12
s SDG13 mSDG 14 w SDG 15 m SDG 16 m SDG 17
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The analysis outcomes showed tmaist of the students' designs targeted environmental and social
sustainability issues, while cultural and economic dimensions were the two least addressed,
respectively. Furthermore, the projects all pursued multiple goals, revealing that sustainability
work cannot be limited to one specific domain.

Although the focus of most projects was to make environmental improvementsncenpyprated
differenttypes of interactive processes such that they could perhaps ehabgges in cultural or
social norms. On the other hand, some projects primarily focasethe cultural or social
dimensions, which may have ecologicansequencedtigure 13 presents the results of the
analysis of the distribution of the four sustainability pill@svironmental, economic, social, and
cultural) for each of the design projects (top), as althe distribution for the combined (of all
projects submitted). The units on the top grapRigurel3indicate zero bars (not addressed), one
bar (minimally addressed), and two bérgyhly addressed).
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Figurel3. The results of the analysis of the distribution of the four sustainability pillars (environnematabmic, social, and
cultural) for each of the design projects (Top), as well as the distribution for the combined (of all projects submitoed]). (Bo

The analysis results for the 8 different tensions (within the 5 categories delineated above) are
presented irFigure 14. Starting with the tension around data exchange direction, we see that
projects mostly aimed to collect a few pieces of information while their main intentions were to
disseminate the data collected by the city to society. In the design category, the dominant approach
in the projects leaned towards designing new artefabishwdo not necessarily aim for lotgrm

or systemic changes. This might suggest that designing an object from scratch is an easier task
than augmenting an available product, which engéaitdysingexisting flaws and proposing a more
suitable alternative.
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Figureld. Cumulative analysis for all projects of the 8 tensions within each of the four categories (data, design, mode, and
sustainable development (SD) impact).

Looking atmode of message delivery, there was a higher focus on physical approaches for designs
compared to virtual solutionélthough some considered making virtual platforms and networks,

the illustrated effects were focused mainly on the changes they could bring about to the physical
world. For this reason, most projects are placed in the physical realm. The projects @&sseaddr
widely recognized challenges instead of controversial issues that have potential disagreements
behind them. This was clear from thedestion of the SDGs by the studeénhtsostly avoidant of
contested topics such as poverty, gender issues, racial tensionsswoonic inequalities, or
political challenges.

In the sustainable development impact category, the results reveal that most projects tried to raise
awareness about sustainability issues rather than solicit positive actions, with a slight bias toward
targeting the community rather than the individuald @an overwhelming focus on addressing
humanrelated challenges rather than planetary issues. It was clear that most students struggled in
activating data for soliciting actions. This is a very challenging design approach. We also note that
students were nable to conceptually scale the potential for individual actions, resorting to
addressing the community as a whole.

Although the designs highlighted the current major sustainability issues and raised awareness
around them, they did not demand explicit and immediate actions to solve these problems. The
outcomes show that long term and plaretated goals have receivess$ attention from students
(Figurel14).
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3.2.9.2.Intersecting the findings and discussion of outcomes

Looking at the assessed parameters andccarrence’s we see that students generally paired
production, distribution, and delivery of goods and services SDGs with natural environment
focused goals. This further underscores the intent of the projects to improve and provide new
products and services in a manthat is more environmentally conscious. We observe that most
of the environmentally focused projects mainly aimed at raising awareness (rather than soliciting
action). Yet, projects that focused on the economic, cultural, or social dimensions presented
broader mix between awareness and action. It is not surprising that the environmental pillar and
the mode of consensus for conveying the-message were the most heavily adopted strategies
across the design projects. These are thehlamging fruit fordesign projects that aim to raise
awareness.

We alsosee that projects that aimed at disseminating data depended more on dissensus as method
and tended to have more physical solutions to thesign. This might be due to the lack of need

for attracting users (through consensus) to collect new data and the fact that the projects aimed to
use the public realm (rather than digital devices) to express and illustrate their data. It is far more
difficult to propose a design project that adopts a mode of communication based on dissensus (or
disagreement) talisseminatea message. This requires a profound understanding of the social
issues embedded within the commursitich thathe designecanaddress the diverging points of

views on some sustainability issues.

It is clear from the results that most projects that used the physical solutions were less concerned
with soliciting actions and more dedicated to raising awareness. On the other hand, virtual
solutions were concerned with changing behaviors and atteniptamddress systemic issues. In

most of cases where the students sought to collect new data, this data was used to address a social
habit that was deemed unsustainable: encouraging turning off office lights after work hours, for
example, or finding ways tamprove the experience of public transport. These types of
unsustainable habits resonated with these young students. However, their proposals remained at
the product level and rarely attempted to consider broader systemic viewpoints and capture a
deeperével of influence.

These findings suggest the strength and weaknesses of each approach. Physical solutions, in the
form of installations and additions to the public realm, emerged in the design process as more
suitable for data dissemination and raising awareness on igsewesl avhich competing views

and values might exist. On the other hand, virtual solutions, in the form of phone apps, were more

2 A Spearman's Correlation was run for all analysis data to determine trends. We extract significant correlations
starting at 0.05 significance.
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suitable for data collection and more convenient in soliciting actions or changes in behavior guided
by a vision for systemic change.

3.2.10.Discussion and Conclusion

This study focused on the topic of activating data in the public realm for the purposes of
enlightening communities or individuals on issues regarding sustainability. This design practice
has been evolving for about two decades, following the realizatancorporations are not
moving fast enough in their aims to address such issues. Innovative design approaches for reaching
community through small interventions in the city show promise. They offer inventive interactions

in the city and facilitate knowlegg exchange in unconventional ways. When our 10 project ideas
were presented at the final class exhibition, there was much excitement among city representatives.
The cityds interest in these types of ismublic
need to suggest varying ways to connect citizens and communities to the difficult topics of
unsustainability. Further exploration of how design practices in the public realm can reach
community while starting deep dialogues on the diverse topics resgapa promising future
research focus.

However, as crucial as these practices may agpefurthering the targets of sustainability in the

city, much research is still needed to better understand the shifts that they actually engender for
individuals, for the community, and for corporations as the real culprits of the current
environmental pedicament. Therefore, another necessary research axis in this field is the study
of individual, community, and associated corporate reception of such public space installations in
the short, medium andng term. This would enable a better understanding of whether changes
are taking place, for which stakeholders, and for how long. Such a study would also help improve
the public space installations, since it would provide a clearer perspective of theofypes
installations that are most effective at generating such change.

Chapter Postscripts

This chapter served as a bridge between qualitative methods (Chapter 2) and purely quantitative
approaches in design and building engineering (Chapter 4). After assessing the parametric design
and its limitations in incorporating qualitative parameters;aadirmed in the second chapter, it

was concluded that sustainable design practices must considercsiicied| aspects that are not

easily measurable or parametrized. Therefore, this chapter explored the main reasons hindering
the incorporation of thesqualitative parameters into the design process and to propose ways to
facilitate their inclusion in parametric design processes. Two main reasons for excluding
gualitative factors in parametric design were identified.
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Firstly, these factors are often abstract and complex, making it challenging to define them as
parameters with clear relationships to other parameters. Understanding their relationships requires
system model thinking and complex analyses. Moreover, saem ksocialcultural parameters

remain hidden and often overlookedfegearchergyes. Secondly, an overwhelming amount of
guantitative and open data, including cresalirced and mass data, inundates designers. While
opensource city data provides a wembf information, incorporating these quantitative data into
design processes, whether parametric or traditional, poses challenges. This chapter addressed these
concerns by considering both qualitative and quantitative city data and finding ways tolat®rp

them into city design practices to achieve sustainability and livability. Two main approaches
proposed in this chapter are outlined below:

From a qualitative perspective, this chapter defined and listed urban qualitative parameters based
on seminal sources. It then breaks down and decomposes these factors into subjective and tangible
objective parameters. This approach helps identify tangieobjective parameters from purely
subjective urban factors, enabling their incorporation into parametric urban design. This process
not only defines, parametrizes, and measures urban qualitative parameters but also aids in
understanding their complexlationships, which can only be revealed through system model
analysis.

From a quantitative perspective, as mentioned earlier, using mass data such as stuagen

data is challenging in both conventional and parametric design. Designers are hesitant to use this
massive amount of data due to the lack of strategies oreterapplications for organizing it in

the design process. To address this issue, this chapter classified these parameters into domains and
designrelated parameters to facilitate their incorporation into the design process. Despite the
complexity of integating qualitative and quantitative mass data into the design process, this
chapter explored their relation and application in achieving sustainability and livability in the city

by connecting livability criteria and sustainability criteria (SDGSs) to desjmproaches.

While this chapter analysed and explored the complexity of data and their relations at the city
scale, a question remains: how can complex forms and parameters at the building scale be
systematically analysed in parametric design? Considering the resutsChapter 2, which
confirms that parametric design facilitated seductive and complex forms, how can our simple and
basic simulation and optimization tools assess and optimize this complex form to reach
sustainability? The next chapter will explore thenptexity of parameters in parametric design

and propose an innovative approach to simplify the optimization of these forms.
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CHAPTER 4. Minimizing Optimization Complexity in Parametric Design
Forewords

Previous chapters have extensively explored the impact of parametric design on architecture and
urban design. However, it is important to acknowledge that parametricism extends beyond these
domains and significantly influences the field of building engingeas well. Traditionally,
precedentuildings possessed simple architectural forms that were compatible withasiar
energy and optimization tools. Nevertheless, with the advent of digitalization and the
advancements in parametricism, designers nove liae ability to conceive alluring forms that

were unimaginable just three decades dgese new tools empower architects to employ modular
and prefabricated forms, incorporating intricate patternslamder shapesThe simplicity of

coding and adjusting these forms allows for their repetitive use, resulting in aesthetically pleasing
facades. However, while these repeated patternbanedrs createisually complex facades, their
optimization in terms of energy efficiencyisual andthermal comfort isot easily achievable

with our limited and rudimentary toolherefore, the aim of this chapter is to propose novel
methods for optimizing these complex forms by integrating parametric tools and evolutionary
algorithms. The chapter is divided into two sections, outlined as follows:

Section 1:Louver configuration comparison in three Canadian cities utilizingNSGA-
I

Louves, as modular and easily codable fgrrhase gained popularity in the field of
parametric architectureDefining various louver parameters and establishing their
relationships is made easy through parametric design. Louvers, being repeatable forms, can
be easily codified and governed by straightforward rilésile it is straightforward to
model and apply louvers on building facades using parametric architecture, optimizing
them for visual comfort and energy efficiency presents challenges. Louvesespos
numerous parameters, including material, length, size, shape, thickness, and distance to
windows,and more importantljouverangels Considering five or six parameters for each
criterion leads to an overwhelming number of design alternatives, reaching around 30,000
possibilities. Additionally, energy and visual comfort optimization for each design
alternative is timeconsuming, takingt least 4 minutewith currentcomputer processars
Therefore, evaluatingll design parameters would take approxehaB0 days, resulting
in high computational costs. To mitigate this computational burden, this section proposes
the utilization of evolutionary algorithms integrated with parametric tools. This approach
aims to decrease computational costs while optimgizime louver designs for visual
comfort and energy efficiency. Furthermore, as discussed in the second chapter, it is
essential to consider the immediate context in parametrically designed buildings. By
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comparing three Canadian cities with similar climatic conditions, this section emphasizes
the need for contextual design.iFBectiorresults highlight that despite theities similar
climates each Canadian city requires speclifaver design considerations based on its
unigue weather patterns and latitude

Section 2: Optimizing Multi -Dimensional Forms: A Hybrid Approach Integrating,
NSGA-II, and K -means Clustering, and local search

Based on the results from the first section, it was confirmed that implementing an
evolutionary algorithm in parametrically designed forms, such as louvers, significantly
reduced computational costs. However, louvers have a simple shape and limitedgyaramet
compared to complex geometrical pattern forms. The design variables for patterns include
all louver parameters, as well as pattern shape, distribution, and pattern wall vertical and
horizontal rotation, resulting in an extensive design alternativeeswéahb up to 1.e+6

cases. This vast search space necessitates a robust and efficient method to decrease
computational costsMerely applying the evolutionary algorithm, as discussed in the
previous chapter, is not sufficient to guarantee reliable results due to the large search space
and timeconsuming fitness function. Compelled by the need to reduce computational
costs, we muslecrease the size of the generation and population. Therefore, in this section,
we enhance the method from the previous sectjantkegrating an approximation model,
k-means, and local seardrhis workflow enables us to shrink the search space by applying

an approximation model and then fiming NSGAII based on the results obtained from

the approximation model. Subsequently, we apply NSIG#n the accurate model and
fithessfunction andutilize unsupervised machine learning and local search to further refine
the results. This workflow ensures the attainment of reasonable and optimized pattern
designs with low computational costsurthermore, patterns are culturally contextual
forms as they carry symbolic meanings. In the last and concluding chapter, | will discuss
how these optimized and parametrizable forms, such as louvers and patterns, can serve as
contextual elements and cadbtrte to the cultural relevance of buildin
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Section 4.1 Louver configuration comparison in three Canadian cities utilizing
NSGA-II
4.1.1.PublishedAbstract

Shading devices, particularly louvers, if chosen and designed correetlyce excessive
uncontrolledsolar gains andaylight in interior space, consequently improving building energy
performance and occupants' visual comfort. However, various questions related to their adaptation
to different climates, their designs, and optimized methods are unansweregapéiaims to
showthat even in geographical aseaith similar climateconditions different louver designs are
requiredTo this end, louver desig in three Canadian cities with almost similar climates are
investigated. Objective functions are defined as minimizimgrgy use intensitgnd maximizing
daylight useThrough a sensitivity analysis, louver parameters have been examined to determine
which ones have a significaat insignificant effect on energy performance and visual comfort.
Based on the results obtained from the sensitivity analysis, the proper range of each parameter was
determinedanda metaheuristic algorithrwas applied toeducetime and cost of optimization.

Two algorithms (SPEA and NSGAII) are compared to understand which performs better in this
problem. The results show thdNSGA-II performs slightly better, andising louves in all case
studycities positively affects visual comfort and energy performance. Second, louver depth and
count are the most critical parameters in all three citiespthetparameters have a different effect
based on the city latitude. The research contribution is to propose a workflow to tetegra
parametric design, sensitivity analysis, and NSIG£ optimize louver designwith various
paametersand ranges. Also, the research proposes a guideline for designing louver in the three
investigated cities.

4.1.2.Introduction

Buildings are responsible for nearly 40% of the annual energy consumption in thgAvdvid
Omer, 2008) Lighting, heating, and cooling are the principal source of energy consumption in
the building sectofA. M. Omer, 2008) Artificial lighting is a major part of energy consumption
since the energy drawn for electric lighting is ultimately converted into heat; there is additionally
a load on the cooling system. Proportional to the total energy used, electric lightingfilcean o
building can add as much as 16% to the cooling energy bill, such that the combined electricity
costs for lighting and cooling are almost 50% of the total electric derf@ado et al., 2015)n
Canada, offices and other institutional buildings use about 30% of the commercial sector's energy,
and lighting represents a significant eneuggr in these buildingdNRCan, 2009)Natural light
use can reduce total energy use by as muchia8®®& (Gago et al., 2015However, excessive
daylight levels usually mean high solar heat gains (SHG), which directly increase cooling loads
and thus energy demafghinr-Ahmed et al., 2002 5HGs are related to solar radiation transmitted
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through glazing areas, which increases indoor air temperature and thus the coolin(Ploagls

et al., 2020)(Bellia et al., 2014)(Hosseini et al., 2019jM. C. Singh & Garg, 2010Exceeding

solar radiation is not only limited to heat gain, but also results in visual discomforts such as glare

and unwanted reflectiofgomorodian & Tahsildoost, 20194Pauley, 2004) J. OO6 Connor
(O6Connotrhatl9@l7rTeasant , comfortable dayl it spa
productivity(Edwards & Torcellini, 2002and decrease absenteeism. Achieving a space that meets

both visual comfort and energy consumption concerns requires a proper design that controls
daylight and solar radiation. This design needs to employ systems that ensure sufficient internal
illuminances and building energy efficien¢ago et al., 2015; Hviid et al., 2008; Tzempelikos &
Athienitis, 2007)

Selecting a proper daylighting system can help minimize artificial lighting, control energy
consumption and, consequently, downsizecamnditioning systemgAlrubaih et al., 2013) ,
especially in buildings with mainly glazed facad¢kirimtat et al., 2016) Well designed
daylighting systems perform well enough in terms of solar prote¢tiert al., 2016)daylighting
harvesting Konstantoglou & Tsangrassoulis, 20,1l&hd interior heat gain contr@lielsen et al.,
2011) even for fully glazed facades. However, if they block too much daylight, this would increase
the need for artificial light and prevent useful heat gains in winter through solar ra¢katioriat

et al., 2016) Hence,selecting a proper louver type and configuration to respond to energy
efficiency and visual comfort is a crucial task for desigietta, 2001)

Shading devicesd positions ¢ca(eliaetalg2014ggror i zed
example, interior shading devices could be Venetian blinds or roller shades, which are mainly used
in commercial and even residential buildifg&imtat et al., 2016) On the other hand, external
shading devices in buildings are classified into overhangs, louvers, light shelves, Venetian blinds
and roller shadefGago et al., 2015)Bellia et al., 2014; Kirimtat et al., 2016; L. Shi & Chew,
2012) Y.-C. Chan et al(Chan & Tzempelikos, 2013how that Venetian blinds as a light
redirecting device are effective and one of the best daylight option in office buildings. Also,
louvers are the most popular daylight system designed to capture the sunlight and redirect it into
t he deep eérionGagdeta. .g2616; L.iShi & Chew, 201@EItaweel & Yuehong, 2017)
Datta(Datta, 2001)n a comparison study on four Italian cities proved that external louvers are
effective in reducing the cooling loads in a building in summer and offer a reduction in the global
yearly primary energy loads.

According to the IEA handbook, Daylight in BuildinglEA SHC, 2000) external louvers
performance depends on climate conditions and latitude. This dependency raises the importance
of considering local needs and context in designing loytanstat et al., 2016)These localized

louvers are expected to allow proper daylight levels on the work plane, improve light uniformity,

123



control direct sunlight, and reduce the occupants' glare and visual discoYaimin Garreton et

al., 2021) However, many louver manufacturers apply standards on an international scale, such as
EN 14501 and EN 14500, to determine comfetated paramete(¥amin Garretdn et al., 2021)
Moreover, detailed information about contextual louver configuration has not been delineated in
provincial building codes. As a results, many louver systems are placed on the market without a
precise context and climate adaptation of their perform@vitialba et al., 2018)leading to an
inadequate application and detrimental effects on visual comfort and building energy efficiency.
Overall, there are two main problems associated with louver design:

1 Some countries do not have any guidelines to assist designers and architects in designing
shading devicesThey merely provide interior visual and thermal requirements without
defining precise approaches to reach these goals.

1 On the other hand, in other countries which mention shading devices in their buildings
codes, efforts have so far been directed towards fundamental general beneficial aspects of
these devices in building facagBiLaura et al., 2011without considering their high
dependency on climate and design complexity. For instance, The National Energy Code of
Canada for Buildings (NECB) and provincial buildings codes focus on limited technical
recommendations such as a different wingowvall ratio (WWR) or the fenestratieand
doorto-wall ratio (FDWR) for different regionfParsaee et al., 202@jthout addressing
shading devices application. Based on the Koppen classificlanzeo et al., 2020)
Canada consists of several climate zones and different latitudes, which confirms the need
for a specific louver design for each city or region.

Three cities with different climate zones and maximum latitude differences are selected to address
two mentioned concerns. Vancouver with a Koppen climate classification Cfb and latitude 50
degree North, Edmonton with classification Dfb and latitude 5& Montreal (Dfa) and latitude

45 are chosen. (Sdablel5. Climate definitions based on Koppen's classificalions

Tablel5. Climate definitions based on Koppen's classifications

18t 2nd 3 Descriptions

C temperature of warmest month greater than or equal to 10 °C, and temp
of coldest montless than 18 °C but greater tHaéh°C

D temperature of warmest month greater than or equal to 10 °C, and temp
of coldest montfi 3 °C or lower

f precipitation more evenly distributed throughout year
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b temperature of each of fowmarmest months 10 °C or above but warmest me
less than 22 °C

a temperature of warmest month 22 °C or above

The paper addresses the following objectives:

1 Assessing howdifferent cities within a country requires different louver designs.
Improving the impact ofouverin energy and daylight performances by optimizing them
based on climate and latitude.

1 Proposing design alternatives for three Canadian cities that can be incorporated in the
provincial building codes to assist designers and architects in applyinglstatrsin
building facades.

1 Investigating the effect ofouver parameters on daylight performance and energy
consumption by sensitivity analysis.

To simplify the research process, some parameters are neglected:

1 The effects of airflow througlouvers when the windows are open, and airflow between
louvers and the external building wall are not considered in this research.

1 Heat gaisreceived from installingpuvers on fagcade and their effects on energy efficiency
of buildings are not considered.

1 The reflection and glare problem tlzatdirg louvercreates is not analyzed.

4.1.3.Literature review

The literature review consists of four sections: In the first section, we review research around the
different types of louvers and their characteristics. It consists of comparing fixed and movable
(manually and automatically) louvers. Then, we list thebfems associated with automated
louvers and justify selecting fixed louvers for this research. Following, we review fixed louver
variables and parameters such as louver angle, count, depth, length distance from the window and
material. Next, we review ty latitudes and their effects on louver design. These analyses are
summarized inrable 15. And finally, we overview methods and algorithms applied in research
conducted on shading devices in a ten year time f(@61E32022).

4.1.3.1.Louvertypes and their characteristics

Louvers can be either fixed or movealBellia et al., 2014)Fixed shading devices are static
elements whose permanent placement at the correct orientation and tilt reduces direct solar
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irradiance and allows adequate amounts of diffuse light to be redirected into deep(8paces
Masrani et al ., 2 0Hesdeviceé®dntrol mtansieetdaylght, decredgsdgla®,)
enhance visual comfort and reduce peak cooling (dkd/asrani et al., 2018; Chen et al., 2015)
Besides, unlike movable louver, no moving parts are involved and thus no energy is consumed
(Al-Masrani et al., 2018Moveable shading devices can be classified into two categories: manual
and automaticglHammad & AbuHijleh, 2010; Olbina & Hu, 2012)Manually operated shading
systems are frequeobabty dephayedotpoai iwonsand
period, resulting in oveoptimistic energy savings predictions and failing performance. Although
automated shading devices can bdjusted for any configurationKonstantoglou &
Tsangrassoulis, 201,8ecent research on them confirms some major drawdddidasrani & Ak

Obaidi, 2019; Grobman et al., 2017; Hammad & Adijieh, 2010; Koo et al., 2010; Kunwar et

al., 2020; Nielsen et al., 2011; Olbina & Hu, 2012; E. Shen et al., 2@&14h as (a) the cost, (b)
sensors unreliability, (c) the challenges to design and installation and (d) their interaction with
occupants.

4.1.3.2.Problems associatewith automatedouvers and justification of using
fixedlouvers

Automated solar shading with its ability to reduce energy consumption and improve occupant
comfort may not always be the optimal choice when economics (acquisition and maintenance) or
subjective factors such as aesthetics are taken into considéhigtsen et al., 2011 Automated
adjustable louvers are costly due to their control and kinetic systems and are maintenance intensive
(Grobman et al., 2017}. Hammad and B. AbHlijleh (Hammad & AbuHijleh, 2010)explore
the influence of active, movable and static external louvers on energy consumption. They
concluded that dynamic louvers provide only a small improvement over the optimal static louvers
configuration, suggesting that investing in them is not witréhextra cost and effort. Second, it
has been reported that sensors in automated louvers are less reliable for cloudy skies since they do
not have the capability of analyzing the cloud patterns and their directiqdaliy& Garg, 2018)
In such scenarios, inaccurate prediction of visual comfort parameters igJikiel® Garg, 2018)
therefore, incoherence between the expected amount of light and what sensors indicate results in
visual discomfort. Third, their design and installation are complicated due to the complexity of
their control strategies and the challenges to adaptffareht scenariofKonstantoglou &
Tsangrassoulis, 2016 his design complexity most of the time leads to incoherency between
simulation and experimental results. A. Katsifaraki et al. conducted experimental research on a
control strategy. The result revealed that the system's dynamic operation evaluatiohnadjcee
well with the simulation result&atsifaraki et al., 2017)Forth, the interaction between shading
devices and occupants is the other challenging issue on applying dynamic louvers. M.
Konstantoglou et al. show that fully automated systems are usually less easily acceptable by users
(Konstantoglou & Tsangrassoulis, 201&) the buildings investigated a large majority of the
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building occupants permanently switched off the automatic mode of the blinds system, which
reveals the complexity of the interaction between automation controls of motorized exterior blinds
with usergMeerbeek et al., 2014)

Based on the dynamic shading devices problems mentioned above, fixed shading devices can be
installed at a lower cost because they do not need sensors for changing the tilt angle. Installation
and maintenance costs are lower than for movable sydéichael & Heracleous, 2017)
Nonetheless, although they offer the benefit of not requiring daily or seasonal adjustments in tilt
angle, static systems profile geometry must be designed to function effectively over the entire
seasonal range with changing sun positigfsnis & Lee, 2015) Since they are fixed louvers,

there is no interaction between shading and occupants, and they do not disturb the occupants'
attention.

4.1.3.3.Louves Variables

Louvers are made up of numerous horizontetdtical or sloping slats with complex features and
several parameters, such as angle, shape, size, configuration, and color (@zslatselikos,

2008) Changing these parameters affects louver performance and consequently influences glare,
visual comfort and building energy efficiency. This section reviews louver angle, count, depth,
material, and distance from the original facade.

I.  Louverangle

Research on the louver parameters has shown that the louver angle seems to be the most effective
parameter in louver design. Daffaatta, 2001)assesses the effects of fixed louvers on thermal
comfort and analyzes louvers in the following four angles36f-45, -60 and-90 degree tilt. A
positive angle means the louver is in a shading position facing downward, and daylight is
transmitted throug reflections between louvers. A negative louver angle refers to an upward
facing louver, and the interior space benefits from direct sunlight. Kigeee 16) The results

reveal that louver angle is a crucial factor dependent on other contextual parameters. The angle
depends on building latitude and needs to be appropriately seleatdter researciWagdy &

Fathy, 2015parametrically assesses solar screens on daylight and glare with louver angles from
20 to +20d e g.Hewmever, this small range does not allow to assess the full range of angle effects.
Sjarifudin and JustinéSjarifudin & Justina, 2014gonfirm that to achieve visual comfort, louver
angles need to be adjustable in the rangd®to-75 degree. Other research which assesses the
effect of louver angle confirms that the proper and efficient angle for the louver in the south facade
is in the range of15 to-45 degre€Choi et al., 2014; Toutou et al., 20184% mentioned earlier,
latitude is an important factor for adjusting louver angles. Pahiamero and OliveirgPalmere

Marrero & Oliveira, 2010)nvestigate louvers on energy consumption in five cities in the northern
hemisphere. They consider the louver tilt in the south facade equal to each city's latitude. The
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results confirm that the louver angle significantly affects building energy efficiency, mainly in the
cities that receive a lot of sunlight.

II.  Louvernumber, depth, and size

In a parametric way, Fathy and Wagiyagdy & Fathy, 2015assess these parameters on visual

comfort. They consider louver numbers from 3 to 10 and depth ratio from 0.75 to 1.5 . The louver
depth ratio is a proportional distance between two louvers and their depth&igi8e&6) Given

al | par ameter s, the result shows that 1increas
|l evel of sunlight in interior space, which doc¢
depth plays a key role in controlling penetdalight. It seems that reaching this conclusion is due

to two main reasons: first, studying a lot of parameters simultaneously, and second, not selecting

an appropriate variable range for the sake of simulation time. Gonzélez and (Boritthlez &

Fiorito, 2015a)conclude that louver count and depth significantly affect visual comfort and
building energy efficiency. Specifically, they choose 0.1 to 0.3 m as a louver depth and 10 to 30

for the louver count. The results show that the best efficient answer is arepthg 6.2, and the

louver count is 14, which significantly mitigates glare and enhances building energy efficiency.

Also, A. Eltaweel and Y. S(Eltaweel & Su, 2017bgonfirm the importance of balancing the

louver count and louver depth, improving visual comfort, and decreasing the chance of glare

M. Louver materials

Mangkuto et al(Mangkuto et al., 2019ssess the role of louver material and tilt in optimizing
daylight in the interior space. They assign different reflectapezularity and roughness to louver
material. The roughness is typically close to zero for flat polished surfaces. They consider louver
reflectance from 0.31 to 0.885 and specularity from 0.6 to 0.9, which was a smaller range in
comparison to other resehrnn this field. The study reveals that the louver tilt is a more significant
factor than the louver material, and its material lsa neglected through the optimization process.
Hoffman (Hoffmann et al., 2016assess twelve commonly made coplanar shades in the market
with different materials to calculate heat transfer, daylight, and glare. Simulations were run for a
case with constant electric lighting and a case with daylighting controls for a prototyoaaint
load-dominated office building. The research reveals that if we assume regular artificial lighting,
di fferent | ouver materi al doesnot af fect ene
applied the role of material properties will significgndiffect energy consumption. Y. Ye et al.
conducted experimental and simulatioased research on replacing exterior louvers with interior
ones. The research reveals that applying materials with high reflectivity and low transmittance rate
in interior louvers can minimize their heat gain. This leads to reducing heat transfer through
convection between the canopy and the glass, confirming the use of the suitable material results in
the high efficiency of the canopi€ge et al., 2016)

V. Louver distances from the wall
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Louver distances from the wall have been researched in different studies. For instance, Manzan
(Manzan, 2014assesses the range of 0 to 4m louver distance. The results show that a high louver
distance from the walls increases building energy consumption and the complexity of their
installation on the building fagade. Other research in this domain chose a émgerfor these
parameters. For instance, Choi et(&hoi et al., 2014fonsider the range of 0 to 0.1 m and
Eltaweel et al(Jiang et al., 20203ssess the range of 0.025 to 0.08 m. The results show that
extending the louver distance leads to increased energy consumption. This is mainly because
increasing louver distance from the building facade decreases louver shadowing on the facade
surface.

V. City latitude and louver design

Along with louver configurations, city latitude is a critical parameter in louver ddsignvital to

use the proper shading device in the correct place and time period in terms of daylight availability
and thermal and visual comfoiDatta(2001)also emphasizes the role of city location and weather
conditions on thermal performance in four cities in Italy. The results revealed that the total annual
loads are highest for Milano followed by Roma, Napoli and Palermo. This is due to the location
of the four cities; Milano is at the highest latitude therefore coldest. So, the energy for heating is
maximum, while cooling loads are minimum for Milano, and the sum total for the whole year is
the highest among the folralmereMarrero & Oliveira(2010)access the louver design and their
effect on energy consumption in five different cities compared to the situation without applying
louver on the facades. The results show that in cities like London, where solar radiation and
ambient temperatures are lawkan in the other cities, louver shading devices all year round may
lead to a total annual energy demand higher than without shading. This is mainly because of the
lower solar gains in the heating season, which is dominant in those climates regandjpgeeds
(PalmereMarrero & Oliveira, 201Q)Manzan(2014) compares energy consumption, including
cooling, heating and lighting in two different cities Roaral Trieste with shading devices. A
different solution is obtained with a reduction of primary energy consumption of up to 19% for
Trieste and 30% for Rome with respect the unshaded window.

Fang & Cho(2019)compare three cities Miami, Atlanta, and Chicago, representing hot, mixed,
and cold climates and relatively low, medium, and high latitudes. The purpose is to examine the
optimized design solutions visuall yangewtmpar e
the climate to achieve optimal performance and see if the design features are in accordance with.
The results show that large windows / high louver length in a hot climate and small windows /
smaller length in a cold climate performed approphaflable16 shows recent paper.

Tablel6. Summary of recent studied touverparameters

Reference Louver Variables Goals Daylight Metric
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(Climate type, Location)

Geometry Distance from window Position Louverstype Movement type
Count Planar Angle Material Daylight Energy
Complex = Vertical Horizontal Interior Exterior Vertical Horizontal Static Dynamic
Lengh  Depth  Thickness
(Fang & Cho, 2019a
Am, Cfa, Dfa « « « « « « «
(o] o] 0] (o] 0] (o] 0] ubl
Miami, Atlanta,
Chicago
(Eltaweel & Su,
« « « o« o+ o o+ o« DA
2017bycfa 0 6 0o 0 0 o] o] o] DI
Sydney
(Manzan, 2014)
Cfb, Csa 0 0 0 0 0 0 0 0 0 ubi
Trieste, Rome
(PalmereMarrero &
Oliveira, 2010BWh fo) fo) O O o) fo) o)
New Cairo
(Mangkuto et al., sDa
2019Af o] 0 0 0 0 0 0 ASE
Bandung DGP
(Tzempelikos, 2008} sDa
BWh o] 6 0 0 0 0 0 0 0 ASE
Cairo Desert bGP
(H. Li etal., 2018Fsa . . . . . . . . .
) (o] (o] (o] (0] (0] [0} o] (] [0} ubl
Izmir

(Choi et al., 2014)
Cwb, BWh, Csa fo) Po) fo) fo) fo) fo) fo) Po)
Mexico, Cairo, Lisbor
(Hoffmann et al., 201t
« < ~ ~ > « « « « - % Lux
Csb,Csa (0] (0] (o] (o] (0] (o] (0] (0] (0] (0] (0]
DGP, DGI
Oakland, Burbank

(Sjarifudin & Justina,
2014)BWh o] 6 0 o] o] o] o] o] o] SDA
6th of October

VI. Reviewing methods on shading devices research

In this section, we assess papershading devicedomain by three criteria:- Valuing shading
device parameters; algorithm selection, and Biow the algorithm is applied.

1 Valuingshading device parameters

Ideally, modelers should conduct sensitivity analysis before the optimization processes to
discover the value of each parameter and its appropriate (fdngeet al., 2018)Lakhdari et
al. (2021)try to improve visual and thermal comfort by optimizing louvers. They assign 95
modes for WWR parameters and only 4 modes for the distance between louvers parameters,
which seems an unreasonable range compared to WWR broad ranges. Aldakhdsri et
al., 2021)assign equal values for the distance between the louver and louver depth while
having different effects. Unequal parameter valuation can be seen in a lot of research in this
domain. For examplé/era et al(2016 assign 16, 13, and 9 values for louver count, angle,
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and perforation, respectively. Howev&pnzalez & Fiorito(2015b)assign 10, 20, and 30
values for louver count, angle, and depth. In these casesesearch gives more value to the
angle rather than the louver count and the other one vice versa. Moreover, in Gonzélez and
Fiorito's study(2015b) the angle parameter is changed by one degree-@@}oThis small
change seems to have a minimal impact on the optimization process.

1 Choosing an appropriate algorithm

Based on Wortmann's classificati{#019, black box methods can be categorized into three
main parts: direct research, mot@lsed, and metaheuristic. Following are some popular
algorithms in each part. Direct research: HdJekves, and Neld&ead Simplex
algorithmgKheiri, 2018b; Wortmann, 20)9Modelbased: RSM Kriging RBFs Neural
Network (Bre et al., 2020; Han & Zhang, 2012; Kheiri, 2018b; Manzan & Clarich, 2017;
Wortmann, 2019and Metaheuristic: Ant Colonyarticle SwarmHarmony SearcKEkici et

al., 2019; Kheiri, 2018b; Khoroshiltseva et al., 2016; Machairas et al., 2014; Vera et al., 2016;
Wortmann, 2019) Also, Hybrid algorithms are another popular method in this domain
(Machairas et al., 20)4Among 22 papers analyzing shading devices in-g&an time frame
(20132022), metaheuristics, particularly GA, was the most used algorithm. More precisely,
eight research conducted NS@IA(Kirimtat, Krejcar, Ekici, & Fatih Tasgetiren, 2019;
Manzan, 2014; Manzan & Clarich, 2017; Naderi et al., 2019; Sghiouri et al., 2018; Y. Wang
et al., 2022a; Yi, 2019b; J. Zhao & Du, 2020a)e studies used SPE2A(Fan et al., 2022; H.

J. Kim et al., 2019; Lakhdari et al., 2021; Mangkuto et al., 2019; Toutou et al., 2048b)
research used GA algorithm (Galapag@Spnzalez & Fiorito, 2015a; Lavin & Fiorito, 2017)
one research used Jc&¥E (Kirimtat, Krejcar, Ekici, & Fatih Tasgetiren, 2018)d one study
employed Harmony Sear¢Khoroshiltseva et al., 2016After metaheuristic algorithms, the
meta model approach was the most used in this domain. For instance, two research used
RBFMOpt (De Luca et al., 2022; Luo et al., 2020ne research us&lST (Manzan &
Clarich, 2017, and another study used the fuzzy control method with FIS algorithm
(Katsifaraki et al., 2007 Two researchers conducted hybrid algorithmeta et al.(2016

used PSEHJ, a hybrid metaheuristic, and direct research mewoet al.(2021) conducted

two steps multi optimization based on the mmiadel in which they connected, first, ANN
with NSGA-1l and second, ANN with MOPSO.

Some research in shading device domains compares algorithms. For instance, to optimize
facade configuration and overhar¥u et al., 2021agompare two metaheuristic algorithms,
NSGA-Il and MOPSO. The results from the comparison reveal that NBG&rforms
significantly better than MOPS®anzan & Clarich(2017 compare a metaheuristic method
(NSGA-II) with a metamodel algorithm (FAST). Although FAST performs better just in terms
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of time, both algorithms work similarly in finding solutions. With that said, their Pareto front
results show the superiority of NSE@AI results compared to FAST
applied Hyper Volume (HV) index to analyze two Pareto fronts and contipane. Some
multi-objective research in this domain uses a stobiective optimizer, such #¢&onzalez &

Fiorito, 2015a)and(Lavin & Fiorito, 2017. In Lavin and Fiorito'¢2017 case, the authors

run a threeobjective optimization (UDI, DGP, and EUI) on shading devices. They first
conduct optimization by only considering UDI; after reaching five optimum solutions, they
assess DGP and EUI on these five cases. However, the main ipomult-objective
optimization is to run it simultaneously on all objectives to reach ‘o&dsolutions. For
instance, F. De Luca et 2022 conducted founbjective optimization and converted it to
two-objective optimization to simplify the problem. In this new {algective problem, two
objectives need to be minimized, and the other two should be maximized to reach the trade off
solutions.

1 Applying algorithms

Algorithms need to be tuned according to the particular research problem to reach reliable
results. In GAs, operations such as recombination, mutation, and selection gradually lead
successive generations to solutions that respond properly to all objdéitivess function)

(Turrin et al., 2011a)Therefore, choosing the right value for them is crucial and guides the
solver to the area of promise in the search space. In the surrogate model, sampling is an
essential step since machine learning algorithms learn and predict the data with higly accurac
(Ekici et al., 2021p Table17 summarizes shading devices' research methods and how they set
up their algorithms. As can be seen in the table, some research assigns a greater value to the
generation than the population, others have considered the value of the population greater than
the generation, and others have considered this value to be equal. However, it has been
confirmed that a greater value for generation than population leads to more crossover in the
search spacfrl. K. Gogoi, 2016)Naji et al., 2021)Sghiouri et al (2018 assign 1 as the
crossover rate; however, a high crossover value can make the generations be fully crossed, and
the possibility of damaging excellent individuals increases. Also, a low crossover value leads
to slow evolution(J. Zhao & Du, 2020a)Toutou et al.,(20189 conduct optimization to
maximize receiving daylight and minimize energy usage in the hot and dry climate by 6
generations and 50 population. The algorithm's other setting has not been provided. The results
show that the optimum answer is the one with 78dth WWR and two louvers in the top

and middle of windows, with 0.1m depth and an anglet6f According to other research in

this field (PalmereMarrero & Oliveira, 2010; Wagdy & Fathy, 20%his configuration does

not seem to be the optimal result for the south facade, especially in a hot and dry climate.
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Reaching these unexpected results is due to the incorrect application of the optimizer
algorithm.

Tablel7. summarizes shadindevices' research methods and how they set up their algorithms.

. . Total
Reference O.bJ(?Ct (.)f No qf Algorithm No of Population  Generation  number of  Sensitivity
optimization  objectives name parameters simulations
(Manzan, 2014) Louvers 1 NSGAII 4 16 100 1600 No
(Gonzélez & GA
Fiorito, 2015a) Louvers 2 (Galapagos) 10 10 100 No
Complex
(Vezrg‘lzt) al, Feg;’;t:_‘;'on 2 MOPSO 3 10 10 100 No
(CFS)
(Khoroshiltseva Shading Harmony
et al., 2016) device 4 search 12 30 50 1500 No
(Katsifaraki et Venetian . i i ) )
al., 2017) blinds 2 Fuzzy logic No
C(I'fa"rfcnhzazno‘i‘n Louvers 2 NSGAI 3 16 100 1600 No
(Lavin & Perforated GA
Fiorito, 2017) screen 3 (Galapagos) 4 10 10 100 No
(Toutou et al., Shading
2018a) device 2 SPEA?2 6 50 6 300 No
(Sghé%“l%)et al. Shading 1 NSGAI 4 150 8 1200 No
('V;"i‘“%'gjltg)et Blinds 3 SPEA2 3 NA NA NA Yes
(Kirimtat,
Krejcar, Ekici,
& Fatih AT;’JEZ?“S 2 NSGAII 25 100 50 5000 No
Tasgetiren,
2019)

(Yi, 2019b) Sdl‘"j\‘/‘i"(':r;g 3 NSGAI 4 40 100 4000 No
(Naggg';;t al., Blinds 3 NSGAII 5 40 80 3200 No
(H. J. Kim et Shading

al., 2019) device 3 SPEA2 4 NA NA NA No
(J. Zhao & Du, Shading
2020a) device 4 NSGA-II 5 25 50 1250 No
(L‘;%Ze(t))a"* Blinds 2 RBFMOpt 5 - ; ; No
(Lakggzrl')et al., %Zi?é’;g 3 SPEA2 6 NA NA NA No
(Xu et al., NSGA-
2021a) Overhang 3 I/MOPSO 11 44 100 4400 Yes
(External +
(Y. Vzvgg‘ga‘it al, erforated)  5&8 NSGAI 384 50 15 750 No
shading
(De Luca et al., Shading ) ) )
2022) devices 4 RBFMOpt 13 Yes
(Fanetal., Shading
2022) device 3 SPEA?2 1 50 20 1000 No
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4.1.4.Research gap
Based on the literature review, there are sgaps in the knowledge as follow:

1 As we review different louvers parameters, it could be concludedadnat of studied
research tries to assess all the influencing parameters; however, they merely examine a
limited number of parameters due to the complexity of the optimization process.

1 There is a lack of knowledge about louver design configuration in different clinvides.
of the research comparing different louver designs selected completely different climate
zones and countries for comparison; however, as mentioned in the liteestiere, even
within one country, louvers may require specifically design based on the city latitude. This
i mportance of contextual |l ouver design | ea
building codes.

4.1.5.Methodology
4.1.5.1.Research process

The building performance optimization process and the required software are illusti@itpdén

15. There are three main steps in this approach. First, identify louver variables to build a parametric
model. In this step, we also examine the effects of each louver parameter on the research objective

by sensitivity analyses. This process would help wefme an appropriate and reasonable range

for each variable (higher impact of variables have higher division or range of modes). Also, this

step is constituted of defining ngarametric variables such as building rotation, room dimension,

glazing areaand parametric factors, including information on louver configurations. Second,
devel oping daylight and energy model for si mt
weather conditions. The third step is the maljective optimization, in which wapplied NSGA

Il to optimize objectives defined as minimizing EUI and maximizing UDI.
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Figurelb. research workflow
4.1.5.2.Parametric modeling

The building geometry chosen is a single zone room that is considered for simulation
performances, with a floor area of 29.52 m2. Reinhart's Shoebox referencé¢Rdiiceart et al.,
2013a)is applied to this research. This office represents a gaathg sidelit room with 80
percent WWR and is not obstructed by neighboring buildings. Its interior room dimensions are 3.6

m*8.2m* 2.8 m. Louvers are applied in front of windows in thdlstacade whose factors can
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