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ABSTRACT  

 

Parametric Architecture 

From Context and Livability Challenges to Optimization Complexity 

 

Morteza Hazbei, PhD 

Concordia University, 2023 

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 architects to design forms that were not 

conceivable before and lead to an approach named Parametricism. However, this paradigm shift 

comes with two major consequences: First, there is an epistemological dilemma on how parametric 

architecture addresses qualitative parameters since it is highly dependent on quantitative and 

context-free standards. Second, the 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 costs. Therefore, this interdisciplinary research 

aims to produce a framework to incorporate contextual and livability factors in parametric 

architecture, propose a method to decrease computational optimization cost of parametrically 

designed forms, and reflect on how these forms can address contextual and livability concerns. 

Based on these three overarching objectives, this manuscript will be distributed across three 

sections. First, the consequences of over parametricism will  be explored and discussed. Despite its 

automations and spectacular outcomes, it still fails to sensitively address aspects of locality, 

culture, and sustainability. Second, the shortcomings of parametric architecture in addressing 

qualitative factors will be discussed. Pure quantitative metrics and indexes do not adequately 

reflect aspects such as culture, history, and aesthetics. To overcome this limitation, the section will  

propose an innovative approach that incorporates qualitative factors into the parametric design 

process. Third, the research proposes a method to optimize parametrically designed complex 

facades such as louver and patterns regarding energy and visual comfort by integrating parametric 

tools and Non-Dominated Sorting Genetic Algorithm (NSGA-II) . Furthermore, this research will  

bridge the gap between qualitative concerns and quantitative parameters by investigating how 

small-scale façade optimization can improve broader contextual considerations, urban livability, 

and overall sustainable architecture. Overall, 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 façade forms. 
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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 digital technology, architecture has found a new 

tool for conceptual design in digital media (Schnabel, 2007). This process leads to a new approach 

to design called parametricism. It is an approach rooted in digital animation techniques, its latest 

refinements based on advanced parametric design systems and scripting methods (P. Schumacher, 

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 in 3D (Jabi, 2013). 

 

These variable data not only are the input data that establish mathematical relations, but also 

include geometric information (Steinø & Veirum, 2010). With advances in computing power and 

the growing availability of data, parametric systems can now be employed to deal with complex 

architecture and urban phenomena on a multi-scalar and multi-dimensional level. In comparison 

to conventional design methods, rule sets are the basic and major parts of the parametric design, 

generating architectural and urban models (Abdelsalam, 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 relationship (Karle & Kelly, 2011a), whereas for traditional methods, designers usually 

only consider a relatively limited number of alternative solutions ( robert F. Woodbury & Burrow, 

2006). Another advantage is that designers can change and modify their own rule-based models 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 design are clearly defined (Oxman & Gu, 

2015). 

 

Parametric design implies the use of parameters to define a form; however, what is actually in play 

is the use of relations (Monedero, 2000). Woodbury (2010) explains that parametric design has 

been defined as an exploration process of associative relationships of geometric concepts. In a 

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 invention that models itò (Oxman & Gu, 

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 functions, user requirements, urban 

https://www.sciencedirect.com/topics/engineering/computing-power
https://www.sciencedirect.com/topics/social-sciences/comparison


3 

 

settings, spatial configurations, integrated design processes, etc. but also to the new formal interest 

in free-form geometry and its underlying mathematical and geometric concepts (Dino, 2012). 

Design computation has the claim to be able to help the designer take complex and complicated 

decisions with greater confidence compared to the conventional case (Bittermann, 2009). The 

advent of computer-aided 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 n-dimensional design space. The ability of parametric architecture to generate any free 

form has resulted in the creation of seductive and sculptural forms in built environments. However, 

this raises concerns regarding three crucial aspects of architecture and urban design. First, to what 

extent does this approach respect the existing forms and immediate context of a city? Second, how 

do these computer-generated forms impact the sustainability and livability of cities? And third, 

how can these complex forms be optimized for energy efficiency and visual comfort using 

available limited and simple tools? To address these questions, I will briefly discuss these three 

areas and their connections to parametric architecture. 

 

1.1.1. " Context"  and Parametric Architecture  

What is "context"? Context can be defined as the interconnectedness between various phenomena, 

conditions, circumstances, facts, or events to form a unified and coherent whole. It encompasses 

the past, present, and future, and influences the unfolding scenarios. The term "context" is also 

applicable to the backgrounds, environments, frameworks, settings, or situations surrounding an 

act or circumstance (Çizgen, 2012). In architectural discourse and realm, "context" represent the 

components of a building and the circumstances (e.g., physical, social, political, cultural, 

economic, and environmental) surrounding it (Architects Design Partnership, 2007). Heidegger 

states in his essay ñBuilding, Dwelling, Thinkingò that ñdwellingò and hence ñbeing,ò in its 

existential sense, cannot take place in a domain that is not clearly bounded. ñA boundary,ò he 

writes, ñis not that at which something stops, but [é] the boundary is that from which something 

begins its presencingò (Heidegger, 1951, p154). Architecture is inextricably bound to place in 

which it is located. A building constructed  in a specific place, and the environment significantly 

influences how it is designed(Thomas & Garnham, 2007). Architects 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 cities (Nasr, 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 
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geographical characteristics, the climate, the local culture, history, and other aspects (Johnson, 

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, or its neighborhood (Burden, 2012). 

According to Burden (2012), location has been a driver for architectural design, particularly from 

1960-1970, 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 architecture must fit into, respond to, and mediate 

its surroundings (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 politicalïeconomic aspects. However, parametric 

architecture is largely based on quantitative parameters and their relationships. This raises the 

question 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. Despite efforts 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 difficult to quantify. Furthermore, 

architecture and urban designers are reluctant 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, livability and sustainability are ambiguous terms 

used differently by different parties in different circumstances. This ambiguity and complexity 

make these concepts hard to define and explain (Balsas, 2004; Wheeler, 2001). For example, a 

question that might come to mind about these concepts is what makes a city/neighborhood a livable 

or sustainable place to live? This question is as tough to answer as the question asked by Lynch 

(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 provide a context for 

discussion of the spatial, physical, social, and political organization of various types of urban 

development (Balsas, 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 optimizing human life's performance and integrity 

(Ellis & Roberts, 2015) . A livable place, in general, is safe, clean, beautiful, economically vital, 

affordable to a diverse population, and efficiently administered, with functional infrastructure, 

interesting cultural activities and institutions, ample parks, effective public transportation, and 

broad employment opportunities. It also connotes a sense of community (Balsas, 2004). Liveability 

and sustainability are thus broad terms encompassing many characteristics of urban environments 

affecting their attractiveness as places to live. 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 and sustainability of a city 

(Norouzian-Maleki 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. Complex Forms Optimization and Parametric Design  

The term óoptimizationô is often referred to as the procedure (or procedures) of making something 

(as a design, system, or decision) as fully perfect, functional, or effective as possible (Nguyen 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 constraints (Arora, 2015). 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 energy-related 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 be terminated, 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 process will depend 

on the user-defined variables, constraints, and goals (Kheiri, 2018a).  
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In recent years, several attempts have been made to optimize visual comfort, glare management, 

and energy consumption in buildings with complex facade geometry produce by parametric tools. 

Research in this topic can be categorized into three domains: 1- Research that uses complex 

patterns or form shapes such as origami-based, Persian, geometrical Arabic, and complex curve 

shapes. 2- Research that applies a simple version of complex forms as perforated shading devices 

such as regular (Euclidean) shapes to control sunlight and improve glare management. 3- Research 

focusing on modular façade shading components such as fixed and movable louvers. 

 

In the first group, Emami et al. (Emami et al., 2014) assesses cultural- traditional Persian patterns 

in a building façade to evaluate façade daylighting performance. They study daylighting levels and 

light distribution of regular office space with pattern façade throughout the year. The research 

reveals that pattern shading screens maintain the required lighting levels and reduce heat gain.  

Another study by the same authors (Emami & 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 patterns to simple patterns concerning their perforation ratio, 

granularity, and morphology. Yomna Saad Elghazi et al. (Elghazi et al., 2014) propose origami-

based patterns to control sunlight in residential spaces to reach LEED v4. requirements. They only 

consider two variablesô parameters for the optimization process:  opening sizes and rotation angles. 

Another research (Tabadkani et al., 2019) use origami-based 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 KyuYi (Yi, 2019a) 

applied complex curve forms in an existing façade 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 design a façade 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 building. For example,  Chi et al. (2017) assess 

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 infeasible task. Therefore, they simplified the 

perforated façade 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 design stage. Mahmoud et al. (2016) assess the impact of kinetic motion of 

hexagonal pattern on south-facing 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 complexity and the limitation of available 

simulation tools.  

 

The third group of research focuses on optimizing shading devices such as louvers. Although 

louver forms are simple and donôt have pattern complexity, they have different variables and 

parameters, such as angle, shape, size, configuration, and color of slats, leading to several design 

alternatives and making the optimization time-consuming and costly. Changing these parameters 

affects louver performance and consequently influences glare, visual comfort, and building energy 

efficiency. Research on the louver parameters 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 angles of -30-, -45-, -60-, 

and -90-degree tilt. Moreover, González & Fiorito (2015) explain that louver count and depth 

significantly affect visual comfort and building energy efficiency. Eltaweel & Su (2017) confirm 

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 the need for a depth study on louver 

parameters.  

 

All the mentioned three facade forms have a multitude of parameters that can be easily produce 

and modify using parametric tools. As a result, architects are incorporating 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 available limited tools? 

Moreover, there is a need to reduce the computational time and cost associated with simulations. 

 

1.2. Research Problematic  

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 computer-processing ability, which affected the quantity of 

information embodied in the form and the process of architectural design, has changed 

contemporary architecture(Grobman & Neuman, 2013) These 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 parametricism (P. Schumacher, 2009b). In this discourse, innovation is referenced 

by advancement over previous digital forms or energy simulation techniques (Lorenzo-Eiroa & 

Sprecher, 2013). This radical digitalization of architecture has left us with a new type of 



8 

 

international style (Picon, 2010a; P. Schumacher, 2009b); Although this possibility is considered 

progress in building energy simulation and making complex forms, what is the cost of this 

dependency on technology? What are we losing during this rapid and profound transition of 

architecture and city design? What will be their consequences on sustainable architecture? 

Architecture seems to have relegated its contextual significance to technology and formal aesthetic 

(Lorenzo-Eiroa & Sprecher, 2013). In 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 over-dependence on technology. It is clear that our current path of 

parametric architectural practices will result in a new crisis of modernity ï and, ultimately, an 

irreversible erosion 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 forms, (Boyce et al., 2003; Duffy & 

Czeisler, 2009; Gunay et al., 2017; Karanouh & Kerber, 2015), the current knowledge gap 

regarding a holistic integrated approach between the formal aesthetic as an outcome of parametric 

design and optimized forms for energy performance and visual comfort has not been bridged. The 

main problems and obstacles to achieving this holistic approach are as follows: The complex 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 

analysing elements can make multi-objective 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 "context" and "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 patterns and louvres in building façades, 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 interdisciplinary research aims to combine knowledge from the fields of architecture, urban 

design, building engineering, and evolutionary algorithms in order to: 
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¶ Exploring the potential ways to reconcile parametric architecture with contextual 

significance in architecture and urban design:  In the contemporary practice of parametric 

design, the definition of "context" has shifted from qualitative and unmeasurable factors to 

quantifiable parameters. This shift is mainly due to the capability to accurately monitor and 

modify tangible parameters through the parametric design process. However, with this 

significant transformation in the meaning of context, we cannot refer to the parametric 

design as purely contextual design. Therefore, this research aims to reconcile qualitative 

contextual elements that have been overlooked in recent parametric design practices.  

¶ Incorporating livability and sustainability factors in parametric architecture: The 

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 understand what qualitative and 

rich factors are missing when the computer is the primary design agent. Then, the study 

aims to measure pure qualitative and intangible parameters such as livability and proposes 

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, rich urban qualities will be taken 

into consideration.  

¶ Proposing an innovative method to optimize complex architectural forms created by 

parametric tools: by 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 overarching questions in three fields: 

 

A- In architecture and urban design:  

¶ To what extent is parametric architecture a contextual design?  

¶ If parametric architecture is limited in terms of how it addresses "context", then how can 

we augment the issues related to ócontextô in parametric design? 

¶ How can we then parametrize and quantify some key ideas related to ócontextô in 

architecture? 

¶ How can urban and architectural qualities such as livability and sustainability be 

incorporated into the parametric design? 

 

B- In Building engineering and optimization:   
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¶ Parametric design practices lead to complex geometries and shapes in architecture. 

Concerning simulation limitation ability, how these complex shapes, such as patterns and 

louvres can, be optimized regarding energy and visual comfort?  

¶ How can NSGA-II help to optimize complex geometry? 

 

C- Bridging architectural domain and building engineering  

¶ 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 of the thesis and the sequences and connection of research articles  

The thesis is divided into three main themes. The first theme focuses on exploring qualitative 

aspects of parametric design. The second theme centers on parametrizing and quantifying 

qualitative aspects discussed in the first theme. Finally, the last theme concentrates on optimizing 

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 environment. As disused in the first 

paper, parametric architecture as it practices today, attempts to simplify the rich concept of the 

built environment. Following this research article, we hypothesize that there is a gap in the 

definition of 'context' in parametric architecture, which forms the basis for the second research 

paper. In this second paper, we demonstrate that while some aspects of context are quantifiable, 

such as climate, energy, and topography, human-related factors like cultural and social forces are 

not adequately addressed. The third research paper in the first theme builds upon the results of 

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 parametric tools. 
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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 first paper of this 

chapter attempts 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 parametric architecture. 

The next paper in this theme delves 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 data can 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 

quantitative 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 discussing the application of evolutionary 

algorithms in optimizing high-dimensional 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 high-dimensional pattern 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 an introduction 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 design, treating the façade 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 corresponds to a published paper. 

 

Section 1: Over Digitalization and its Consequences  

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

of digital technology on architecture, urban design, and architectural education. I also 

highlight how over-digitalization and when the computer is the primary agent 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 I 

co-authored with Dr. Carmela Cucuzzella and other members of the IDEAS-Be lab. The 

authors' names are listed alphabetically, and all authors contributed equally to the paper. I 

incorporated the part of the paper in this thesis that I contributed. The complete citation for 

this paper is as follows:   

 

Soulikias, Aristofanis, et al. ñWe Gain a Loté but What Are We Losing? A Critical 

Reflection on the Implications of Digital Design Technologies.ò Open House International, 

2021. 

 

Section 2: 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, I hypothesis a gap in the definition of "context" within parametric 

architecture. First, I 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 architectural styles. Furthermore, I deconstruct "context" into 
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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 I have authored, in collaboration with 

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, C. (n.d). Revealing a Gap in Parametric Architectureôs Address 

of ñContextò. Frontier of Architectural Research (under review). 

 

Section 3: Formal Coherency in Parametric Design  

In the third part of this chapter, I explore how an overemphasis on computers in architecture 

and parametric design leads to architectural facades that lack coherence with the interior 

spaces. This research confirms that not only does over-parametrization and digitalization 

affect the entire city and raise context-related concerns, but it 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 straight walls, 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 I was the first author, and my 

primary supervisor was a co-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), 

10ï28. 
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Section 2.1.  Over Digitalization and its Consequences  

2.1.1. Published Abstract  

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 phases of projects. However, 

architecture today veers further towards non-neutral 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 architecture and city design. There is undoubtedly progress, 

but what are we losing in this automation, virtualization and over-digitalization? Are architects 

creators of space, human experience, and cultural capitalðstarting to occupy the role of 

technicians? Sustainable architecture is a field that is already experiencing tensions between the 

quantitative and the qualitative, the optimum and the ethical, and the parametric and haptic 

methods. Yet the rapidly 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 challenging the designerôs reflection-in-action process required for 

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 terms with 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 

recognize these practices and their value in 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 

activates Feenberg's (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:  

ñTechnology never advances towards anything because it is pushed from behind. 

The technician does not know why he is working, and generally, he does not much 

care [é] There is no call towards a goal; there is constraint by an engine placed 

in the back and not tolerating any halt for the machine [é] The interdependence of 
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technological elements makes possible a very large number of "solutions" for which 

there are no problems.ò 

R. Woodbury (2010) names these infinite solutions the ñimplicit design spaceò: where 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 scene Aalto (1958, p.161) described as 

ñGrown-up children playing with curves and tensions that they are unable to control.ò  

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 transformed our sense of scale and the relation 

between architecture and our bodies (Cormier, 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 gravely the way architecture and city come to be. Aaltoôs 

(1958, p. 161) assessment of the situation that ñhas led irrevocably to a fashionable architecture, 

which is a dead end.ò, is as real today as it was in 1958. 

These complex processes are pushing the practice and field of architecture towards the latest stage 

of ñsimulacra and simulationò, that of the pure simulacrum ï where any connection to reality is 

perceived as oversentimental (Baudrillard, 1995). In this world of hyper-real simulation, 

dominated by technology, the architect, or architect-technician, needs to assume new 

responsibilities in order to justify their own existence and the relevance of the ever-evolving 

technologies.  

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

we take a step back to ask, ñwhat are we losing?ò. This paper explores how the digitalization of 

the built environment is putting at risk some of architectureôs basic manifestations, namely 

architectural education and pedagogical practices, and the design process. The 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 the case of sustainable architecture as an area where tensions 

between the digital and the cultural can be clearly traced, underscoring how the digital has pushed 

a ñfalse sustainabilityò, as architect and architectural theorist Pallasmaa (2017) suggests whose 

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 

I. Architecture Education  
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Until the nineteenth century, when the French École des Beaux-Arts gave guidelines and training 

on the Classical Orders (Graham, 2003), architecture was not considered a ñformalò profession, 

since there were no initialized educational and licensing programs. With these roots in the fine 

arts, traditional pedagogy of architecture design studios relies on hands-on and experiential 

learning techniques. Studios equip students with the ability to critically reflect, brainstorm, and 

interact with their peers and surroundings while designing for time-intensive school projects (D. 

A. Schön, 1987). These peer-to-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 principles. Over time, these physical 

interactions inform their tacit knowledge (Polanyi, 2009) that govern their styles and workflows 

as future licensed and practicing architects (D. A. Schön, 1987). 

Pallasmaa in The Thinking Hand (2009) observes that the skill most vital for an architectural 

designer is ñto turn the multi-dimensional essence of the design task into embodied and lived 

sensations and imagesò (2009). Therefore, design studio pedagogies that derive from material-

based art education models focus on developing skills of ñsensorial reflectionò by encouraging 

students to read, travel, observe, sketch, and document their dynamic surroundings. These 

activities enable their ñcapacity for empathyò for lived experiences within the built environment. 

However, the mandates brought by automotive and aerospace industries to construct buildings 

upward along the vertical axis provoked the rethinking of the architecture profession and its 

conventional qualifications to implement large-scale 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 Industrial Revolution, 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 globe, post-

World War II.  

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

approaches to better integrate emerging digital technologies such as Computer-Aided Architecture 

Design (CAAD) that reflected new paradigms of mass-production and engineering in the 

construction industry (Gross & Do, 1999). As a result, the rapid digitization has transformed the 

nature of socio-cultural practices of learning environments in architecture schools. The application 

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 imperative to the survival of architecture as a profession, 

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

tangibility of creative outcomes through analogue resources such as hand-sketched project 

submissions, physical studio interactions, hands-on workshops, and field studies. Hence, most 

educational institutions persist in this tension 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 simulate the analogue 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 socio-cultural backgrounds, the 

neutrality of its elements often flatten and undermine the complexity and inherent "messiness" of 

the traditional design studio (Gross & 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 socio-cultural and psychological inhibitions to this process as they 

have promoted speed, efficiency, and accuracy of seemingly "finished" solutions.  

Pallasmaa (2009) observed that ñ...prior to our current industrial, mechanized, digitalized and 

materialist consumer and information culture, situations in daily life, as well as processes of 

maturation and education, provided a more comprehensive experiential ground for human growth 

and learning, due to the direct interaction with the natural world and its complex causalitiesò . On 

the other hand, today, CAAD tools with their immense capacity in facilitating students and 

practitioners to produce and share larger quantities of work, 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 

outcomes (Buchanan, 2012).  

However, recent paradigms of open-source networks in relation to participatory design practices 

with members scattered across the globe have redefined conventional, top-down instructor-student 

relationships in a design studio. In the traditional format of a design 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 processes (Graham, 2003). In contrast, ñe-studiosò and 

digital pedagogies in architecture that adopt open-source 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 share a level plane of discussion and symbiosis of knowledge 

and other resources (Al -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 among individuals. The rise 

of ñe-studiosò has resulted in a change in communication, as students can share their work outside 

the physical boundaries of the design studio, right from the inception of the projects (Al -Qawasmi, 



19 

 

2005). Yet, although digital studios prompt students to think ñfluidlyò and generate multiple design 

outputs over a very short span of time, instructors now struggle to find new ways of giving quality 

feedback before submissions. Additionally, students tend to overlook the socio-cultural 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 technical perspective that views new technological as ñvalue-

free neutral (tools) that produce objective realitiesò (Al -Qawasmi, 2005). These digital tools have 

made architecture education more accessible and, arguably, more efficient in terms of time. 

However, the dramatic shift witnessed in the last fifty years has completely reorganized the basic 

principles of architecture pedagogy: where students are deprived of the merits of experimental 

hands-on sensorial reflection and are simply trained in developing and transmitting solutions 

through digital tools. The e-studio, which is governed by the digital screen, favours emphatically 

an architecture pedagogy centred on vision that ignores the multisensory nature of architecture but 

also the socio-cultural background and creative skills of the student.  

II.   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 considerably time-consuming form-finding 

process. Owing to these limitations, precedents with complex curve forms cannot be found in 

previous decades, and only recently have they become predominant (Picon, 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 inconceivable only a few years ago (Picon, 2010c) 

and have influenced the whole field of architectural design, leading to a new approach to design 

called parametricism (P. Schumacher, 2009b). Architecture thus has found a new tool for 

conceptual design in digital media (Schnabel, 2007). This change is a result of the evolution of 

computer-integrated design from one-off design modelling systems to designer-supportive design 

environments and, eventually, to the truly generative geometric design machines, which were to 

substantively transform the nature of design methods and processes (Picon, 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 and concepts without being limited by their own drawing 

and modelling skills (Lawson, 2002). They can also change and modify their own rule-based 

representations in any stage of the design process (P. Schumacher, 2008). This 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 



20 

 

(Barrios Hernandez, 2006; Holland, 2012; Karle & Kelly, 2011a). A new 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 in their 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 forms (Figure 1). 

 

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 time-consuming process, have few details, and tend to suggest and explore, rather than 

confirm, by retaining a level of ambiguity (Poole & Shvartzberg, 2015a). However, 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 phase (Schon, 1984a), 

names these emerging ideas a reflection 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, in traditional methods of design, the ambiguity of sketches has the potential to 

trigger new ideas outside a defined ñboxò.   

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-consuming than any traditional design method with the additional risk 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 

Acontextuality   Loss of creativity  

Effects of digitalization on architecture 

On Architectural Forms On the Design Process 
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recode the whole procedure (R. Woodbury, 2010). Consequently, a code-based design process 

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

By relying on digital tools such as computer-aided design software, architects miss out on the 

nuanced reflection in action the hand enables. Moreover, mechanical reproducibility of digital 

designs in architecture have nullified notions of authenticity as they take away the ñauraò of the 

architect who left unique imprints on handmade construction drawings while engaging with a work 

through bodily interactions (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 from critically reflecting on the outcomes 

of these codified processes (Kavousi et al., 2019). Digital design and parametricism can have dire 

implications for the skills of architects, as they are given the freedom to blame the ñmachinesò for 

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 Practice. The author explains 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 pseudo-scientific processes based on a set of criteria that the 

designer defines, and which is brought to life by the computer. 

In a series of perceptive works, Pallasmaa (2009, pp.96-97) 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 objects by engaging 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 immaterial world and that ñcomputer imaging tends to flatten our magnificent, multi-sensory, 

simultaneous and synchronic capacities of imagination by turning the design process into a passive 

visual manipulation, a retinal survey.ò  

The transition from hand-drawn to highly computerized architecture design has brought 

possibilities to the table never imagined before, yet the drawbacks of computer-generated 

architectural forms are quite obvious in buildings today. In terms of formal features, incoherency 

can be considered a common characteristic, in matching the exterior design to that of the interior 

and also to their descriptive qualities(Hazbei & Cucuzzella, 2021). Digital tools increase 

computational control over design geometry (Dino, 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 
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this technological advancement in architectural forms, Dalibor Vesely states that ñcomplexity can 

be produced, but richness must be created (Burry, 2011). 

Digitalization facilitates form-finding processes and responds to site and climate requirements. 

However, these 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 

(Lorenzo-Eiroa & Sprecher, 2013). Although 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. 

  

III.  The false sustainability of the efficient digital machine 

Pallasmaa (2017) classified the commercial approaches to sustainable architecture as a type of 

ñfalse sustainabilityò. Digital tools have allowed to simulate, estimate, predict and generate 

multitudes of balance sheets. While many of us still associate, ground, and define sustainable 

architecture through eco-efficiency (i.e. the optimization of environmental performance metrics), 

this measurement-driven definition contradicts the multitude of meanings, and non-technical 

layers that can contribute to the sustainability of a place  (Cucuzzella & Goubran, 2020). It 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 cultural (McMinn & 

Polo, 2005), ethical (Ehrenfeld, 2009), or spiritual (Walker, 2006, 2015) in 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 risks (Cucuzzella & Goubran, 2020). While 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 technology-based sustainable 

design approach aims at creating instantaneous impressions and neglects architectureôs temporal 

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 sense, we have to consider that sustainability 

can only be attained by balancing between the high- and low-tech (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 judgement (P. Collins, 1971) rather than optimization algorithms. They require 

judging how, beyond the digital screen (Cormier, 2020), an element can fit on its site, and in its 

context; how an architectural element can project meanings ï as forms of ecological lessons 

(Cucuzzella et al., 2020) and a form of cultural symbols (Goubran, 2019; Hattenhauer, 1984)); how the 

project can integrate both the anthropological and digital (Cucuzzella & Goubran, 2019), and how 

the design can consider both the predictable and prospective (Cucuzzella, 2020).  

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

& Farmer, 2000, 2001) have established a seminal vision to comprehending and applying the concept 

of sustainability meaningfully ï in what they defined as "pluralistically". This is well-aligned with 

the view that a stable, or bounded definition of sustainability in architecture, will 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, 2014). Of course, 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 to one of "a more sociological engineer or 

entrepreneur" (Mooi, 2014). An exploration into this new, pluralistic, definition of sustainability in 

design is offered by Walker (Walker, 2006, 2015) in the following basic design guidelines: 1) 

to reconsider the material culture and aesthetic conventions. This would also entail removing our 

production modes from the technological or product push and market pulls (Tarkhan, 2020); 2) to 

consider the "history(ies)" of sustainability. And in turn, untangling the concept from its political 

dimensions (Hajer, 1995); 3) to consider sustainable design as a critical process of inquiry. This 

grounds the role of the designer as a reflective practitioner (A. D. Schön, 1983); and 4) to 

disassociate sustainability from the new or leading-edge, by assessing design through its functional 

worth ï and its spiritual potential. 

While we transitioned our collective understanding of sustainability from a product-focused one 

(i.e. green design) to one of system innovations (i.e. design for sustainable transitions) (Ceschin & 

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 to catch up with how our 

understanding of ñsustainabilityò has evolved. Sustainability entails qualitative considerations that 

go beyond mere things.  

 

2.1.4. Conclusion 

CAAD technology, as powerful as it has evolved, has had difficulty in encompassing important 

qualitative 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 architectural office. 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 being lost and how that 

can be incorporated in todayôs architectural practices in order for solutions to emerge outside the 

conformist ñdigital boxò. This is not to imply that digital technologies cannot achieve some of the 

subversions and dissent from the tyranny of precision and speed (Hosea, 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, spontaneity, 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 

ñContextò 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 these discourses. The 

research hypothesis is that in parametric design, as it is practiced today, the definition of ñcontextò 

seems to shift from using qualitative and unmeasurable parameters to quantifiable parameters. This 

transformation is mainly due to the ability to accurately monitor and modify tangible parameters 

through the parametric design process. Given the recent significant shift in meaning of "context", 

can we still refer to the parametric design as a contextual design? To answer this question, we first 

establish a clear and comprehensive definition of ñcontextò in overall architectural practices. Next, 

we examine the extent to which contemporary parametric architecture has lost its contextual 

essence. To achieve this, we explored the different meanings and epistemologies of ñcontextò in 

cultural, social, historical, physical, environmental, political, and economic domains. We then 

deconstruct these domains into measurable and tangible components and categorize all variations 

of ñcontextò definition in architecture. This process helps us determine which context components 

can be incorporated into parametric architecture, and which cannot. The study hypothesizes a gap 

in the definition of ñcontextò in parametric architecture, 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 easily quantified and 

thus are difficult to incorporate. 

 

2.2.2. Introduction 

Deriving from the Latin contextere, which means to weave together (Staff, 2004), ñcontextò 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 whole (Motallebzdeh et al., 2014). It can also 

be defined as the events setting up the circumstances, statements, or ideas and how these situations 

can be fully understood and assessed (Dictionary, 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 when a single word in a group changes, the 

entire meaning of the phrase can change (R. Beaver, 2006). In general, context can be described 

as the combination of one phenomenon, circumstance, fact, or event in relation with others, to 

create a whole. It thus denotes the creation of scenarios by elaborating on previous and future 

events or circumstances. The term can also refer to the backgrounds, environments, frameworks, 

settings, or situations encircling an act or a circumstance (Çizgen, 2012). 
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In architecture, events, statements, or ideas represent the components of a building and the 

circumstances (e.g., physical, social, political, cultural, economic, and environmental) surrounding 

it (Architects Design Partnership, 2007). Heidegger states in his essay ñBuilding, Dwelling, 

Thinkingò that ñdwellingò and hence ñbeing,ò in its existential sense, cannot take place in a domain 

that is not clearly bounded. ñA boundary,ò he writes, ñis not that at which something stops, but 

[é] the boundary is that from which something begins its presencingò (Heidegger, 1951, p154). 

Architecture is inextricably bound to place. A building is constructed in a particular place; the 

other factors shaping a design are secondary. Hence the siting of a building (i.e., its relationship to 

its immediate environment) is of enormous importance (Thomas & Garnham, 2007). 

Context in architecture is an evolving concept, altering in meaning across people, technology, and 

cities (Nasr, 2015). It evokes architectureôs essentials, such as the mix of elements, surface tactility, 

material properties, perceptibility, the cue to scale, evidence of skill and handiwork, etc. 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 other aspects (Johnson, 1994a). More precisely, contextual design in 

architecture can be defined as any doctrine emphasizing the importance of context in establishing 

the meaning of terms, such as the setting in which a building is placed, its site, its natural 

environment, or its neighborhood (Burden, 2012). According to Burden (2012), location has been 

a driver for architectural design, particularly from 1960-1970, in which cities were seen in their 

totalityðthis practice emanating from the belief that a cityôs holistic experience is greater than the 

sum of its parts. All architecture must fit into, respond to, and mediate its surroundings (Burden, 

2012). 

 

2.2.3. Background 

As a particular design approach, architectural contextualism was mainly developed between 1950 

and 1980 (Kºmez Daĵlioĵlu, 2015). In this approach, each building works as a contributing or 

defining block to its site, zone, district, or community, rather than as an isolated object (Y.-K. L. 

Tan, 1992). Contextualism is an interpretation of the whole environment, partial characteristics, or 

structure (Miao, 2012). More specifically, in contextual design, context refers to the correlations 

between form, geography, vegetation, street pattern, fundamental space structure, surrounding 

buildings (as compared to the overall view from the city), architectural style, and complex 

architectural features (Jing, 2005). A deeper reading of a context requires penetration into a placeôs 

spirit and attention to tradition (Y.-K. L. Tan, 1992). Unlike any specific architectural style, 

contextualism can be seen as a set of values, including three distinct aspects: (1) vernacularism, 

(2) regionalism, and (3) critical regionalism (Jon-Nwakalo, 2018). According to El-Shorbagy 

(2015), vernacularism could be extrapolated to mean buildings constructed by local inhabitants 
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utilizing locally available resources and building materials, and applying local architectural skills. 

Regionalism in architecture, for its part, refers to the notion that architecture should harmonize 

with the physical, cultural, and political contexts surrounding it. Finally, critical regionalism serves 

as a reaction to the presumed lack of meaning in modern architecture (Frampton, 1993). This idea 

stems from the perception that modern architecture has failed to respond to physical context, 

instead adopting universal rules and becoming far too abstract (Jon-Nwakalo, 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 new form of disassociation from context.  

How do these historical definitions of context relate to parametric architecture in general and, 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 called parametricism, an approach rooted in 

digital animation techniques, with its latest refinements based on advanced parametric design 

systems and scripting methods (P. Schumacher, 2009a). The advantage of parametricism  is that it 

enables the exploration of a wide range of alternative solutions by changing the parameters of the 

logical relationship (Karle & Kelly, 2011a). In more traditional methods, on the other hand, 

designers usually only consider a relatively limited number of alternative solutions ( robert F. 

Woodbury & Burrow, 2006). As the design process streamlines and a broader range of quantitative 

parameters are considered, the radical digitalization of architecture has left us with a new type of 

international style (Picon, 2010c), one that is spectacular in its forms but locally inappropriate. The 

phenomenon of universalization and homogeneity in the built environment, while connoting an 

advancement of humankind, simultaneously constitutes a sort of subtle destruction, not only of 

traditional cultures but also of a nucleus of great cultures (Frampton, 1993). Kºmez Daĵlioĵlu, 

(2015) writes that ñGlobalism also promotes commoditization of architectural objects that are 

detached from their urban contexts. Iconic structures can be given as examples of these 

freestanding buildings.ò (Kºmez Daĵlioĵlu, 2015). Although parametric theorists claim that 

differentiation and local adaptation are the very essences of parametricismðdue to the 

abstractness and thus open-endedness of its general heuristic principlesðits adaptation to 

qualitative context elements remains a challenging concern. (P. Schumacher, 2009b),  

 

The notions of context identified by parametric architectural theorists appear to be differentiated 

from the historical concept of context. This leads us to question how contemporary parametric  

thinking about context relates to its historical definitions. Nasr (2015) identified three poles of 

reference from vernacular architecture that should be considered contextual design: man, site, and 

materials. Borrowing from vernacular architecture, she proposes that ñmanò is at the center of the 
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non-physical, social-political, economic, and cultural environments. The ñsiteò is the physical 

environment (i.e., where the building sits) and is defined by the site conditions (e.g., views, trees, 

land topography, urban morphology, and climate). Meanwhile, ñmaterialsò represent any building 

materials used in construction (Jon-Nwakalo, 2018). But how do these three components of context 

apply to parametric architecture? 

Answering this question requires a precise understanding of the term ñcontextò and its underlying 

components. Understanding the meaning of context is crucial in this exploration, but it's not limited 

to merely decoding its definition, since that has and is continuing to evolve over time. A 

comprehensive review of this term entails analyzing its denotation, connotation, applications, and 

interpretations in different architectural styles. 

This comprehensive analysis enables us to assess contextôs relevance in parametric architecture. 

We have already seen that context in parametric design is related to physical and environmental 

aspects. However, context in architectural design encompasses far more. Therefore, we 

hypothesize that there is a gap in the definition of context. More specifically, there is a gap between 

the historical definitions of ñcontextò in architectural design and the contemporary definitions of 

ñcontextò in parametric architecture.   

The core purpose of this research is to answer the following questions: Is there a discrepancy in 

the meanings and uses of ñcontextò as elaborated in the literature of parametric design when 

compared to that of vernacular architecture? If so, what are the components and elements that 

constitute this gap? 

 

2.2.4. Methodology  

The topicôs novelty and lack of rigorous previous research in this area are two main challenges in 

determining an appropriate method to conduct this research. We therefore employ a multi-method 

research approach, including deductive, quasi-deductive, and inductive approaches. Three main 

steps were taken in this process, and they are explained in detail in Figure 2.  

2.2.4.1. Defining and Developing a Hypothesis  

The research started with the formulation of a general preliminary hypothesis emerging from an 

investigation and observation of two architectural discourses: that of ñcontextò and that of 

ñparametric architecture.ò This hypothesis challenges preconceived theories that state that 

parametric design provides a contextual approach to design. However, in reviewing the broad 

literature on how parametric architecture addresses context, we hypothesize that parametric 

architecture leads to provocative architectural forms that do not address contextual concerns in 

their full breadth. Over the course of data collection and analysis, this initial hypothesis was revised 

to account for emergent data and understanding.   
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2.2.4.2. Qualitive Discourse Analysis on ñContext,ò Identifying Main Pillars  

In the second step, we explored the different meanings and epistemologies of context in 

architecture through a literature review and qualitative discourse analysis. Our analysis revealed a 

proliferation of definitions for the term ñcontextò across various architectural domains, leading to 

several distinct meanings. Subsequently, we conducted a systematic classification of these various 

definitions into clusters of meaning. However, these clusters were preliminary, and after a 

thorough literature review and revisiting our initial clusters, the researcher refined and synthesized 

them into seven major domains. cultural, historical, social, physical, environmental, political, and 

economic. These domains were identified as the key pillars of architectural context. 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 precise definitions. The researcher  also examined 

the concept of context through a historical lens in order to evaluate how the definition has evolved 

over different architectural temporalities. 

 

2.2.4.3. Assessing Parametric Architectureôs Ability to Address 'Context' 

In the third step, we evaluated the degree to which context could be integrated into parametric 

architecture. To achieve this, we carried out three main processes: I) deconstructing the 

components of context, II) evaluating their urban and architectural scale, and III) revealing the gap 

(see Figure 1). 

I. Deconstructing the Components of Context: From previous discourse analyses, seven 

prominent domains of context had emerged. However, we found that these domains were 

too broad and abstract, making it difficult to assess their ñparameterizability.ò To address 

this issue, we further decomposed these domains 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 component could be incorporated into the parametric design. This 

process involved a systematic categorization and synthesis of definitions of ñcontextò 

based on architectural literature. The resulting theoretical grid allowed us to examine each 

definition and category within the principles and characteristics of parametric architecture. 

 

II.  Evaluating the Urban and Architectural Scales of Context: The previous step aided in 

providing a better understanding and minimizing the ambiguity inherent in the concept of 

context. It made it easier for us to study whether components were parametrizable or not. 

However, these components had different characteristics and related to various scales, such 
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as the urban, neighborhood, or building scale. Understanding the scale of concern for each 

component provided a new metric for classifying them and determining their ability to 

parameterize. 

 

III.  Revealing the Potential Gap in the Address of Context for Parametric Design: After 

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 this evaluation was the 

componentsô measurability and the scales they related to. This evaluation helped us 

understand the extent to which parametric architecture addresses the contextual relevance 

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 generalized until all aspects 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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Figure 2. Research steps and methods 

 

2.2.5. Results and Discussion  

Based on the aforementioned method, we formulated our first hypothesis: The definition of 

ñcontextò used for parametric design is entirely different from the definition of ñcontextò as it has 

developed and continues to be adopted through the architectural-historical lens. According to 

Hussein (2020) this 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 between individuals 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, cultural, historical, political, and economic 

concerns as well as the physical setting (Çizgen, 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 definitions and 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 architecture. The literature review entails the identification of the term ñcontextò and how the 

term is described, defined, or used. As described in the following paragraph, context connotates 

different meanings in architectural discourse, from cultural, social, and 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 Architectural Context 

I. Cultural Domain 

The cultural component of a site goes beyond the projectôs territory. 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 dynamic.  These 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 ones (Radoine, 2017). Cultural logic emphasizes the preservation of the 

variety of existing built cultural archetypes and a concern for cultural continuity expressed through 

the transformation and reuse of traditional construction techniques, building typologies, and 

settlement patterns, each with a history of local evolution and use (M. Julian, 2011). Context in 

the cultural domain also involves interacting with people and invoking their participation (Hussein, 

2020). In other words, this type of context alludes to the expressivity of architecture and how 

people connect with buildings. Beyond the realm of dogmatisation or any sort of stereotype, and 

if it is well-explored by architects, the strengthening the cultural context of a place, which can 

provide valuable insights into the behavioral patterns of that culture. This is a pertinent scheme for 

projecting concrete signals of modes of space-use into future projects in a manner that does more 

than simply mimic the empty form (Radoine, 2017). 

II.  Historical Domain 
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The historical aspect of context in architecture refers to the nature and extent of the relationship 

between the historic or older parts of a city or site and the newer, more contemporary areas. It 

looks at this relationship over time and studies how it has influenced and shaped the built 

environment. (Tabarsa & Naseri, 2017). Urbanists tend to 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 living (Tavalayi, 2007). As cities continue to grow and 

evolve, it becomes increasingly important to preserve some of their older structures and heritage 

in order to maintain the unique character and vitality of the urban environment. These existing 

structures will exert even more influence over the character of the new infill architecture and enfold 

the remaining spaces. The new emphasis on the context 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 life (Sotoudeh & Abdullah, 2012). 

However, there is a nuance between the context's historical-cultural and social aspects.  

III.  Social Domain 

Buildings do not merely reflect culture and urban history; they are also engaged in the reproduction 

of social relations, both as monuments or more prosaic signs and symbols in communicating social 

meaning. (Goss, 1988). Buildings can act as ñsocially classifying devicesò (King, 2010) and can 

become powerful metaphors for social relations (Dovey, 2014; Markus, 2013; Sennett & Nicholas, 

1995). Lefebvreôs theory of the production of space argues that space is not just a neutral backdrop 

to human activity, but that it is actively produced through social and cultural practices. He proposes 

that space is produced through three interconnected processes: the lived, the perceived, and the 

conceived. The concept of lived experience refers to the embodied social experience of space and 

how individuals interact with and experience space in their everyday lives (Lefebvre, 2012). The 

idea that every work of architecture reflects the society that produced it is rooted in Marxism, as 

noted by Yaneva in  2017. This perspective suggests that the built environment is a reflection of 

the social interaction and conditions of the time and place in which it was created. 

Ingold's (2000) theory on the social construction of space emphasizes that 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 representation; it is a dynamic and ongoing process that involves the 

active participation of humans and their surroundings (Ingold, 2000). Therefore, buildings and 

space have an important role in the social construction of national identity (Delanty & Jones, 

2002). The built environment is forced to express, clarify, or reinforce diverse kinds of identities 

(Vale, 1999). In this way, architecture strengthens and improves community identity, overall well-

being, and quality of life. For example, in designing a residential complex, improving social value 

through the built environment can refer to the consideration of factors that enhance inhabitantsô 
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social interactions and resolves the spatial fragmentation of architectural sites (Radoine, 2017). 

For another example, suppose a building designer uses local materials. In that case, community 

businesses are improved, and locals of the region will have access to jobs, which, in turn, leads to 

an increase in the quality of their lives. A more profound way of improving well-being would be 

to reinforce individual identity and consolidate communication between people and the built 

environment. Aside from mentioned subjective and intangible context characteristics, context may 

also apply to urban physical, 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 mind). Research mainly defines physical 

aspects as tangible and measurable parameters (e.g., material, shape and size, proportionality, 

utilities and pre-existing urban forms) (Radoine, 2017; Tabarsa & Naseri, 2017). Architect Tadao 

Andoôs philosophy highlights the importance of considering the overall composition of a building 

and built environment, as well as the way its 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 structure (Ando, 2002; Radoine, 2017).  

The physicality of the built environment, such as the shape and size of a building, can be influenced 

by the surrounding urban context and environmental 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 building with 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 sky, solar radiation, and vegetation (Tabarsa & Naseri, 

2017). The new project, with its sustainable design, thus enhances the siteôs potential 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 adaptation, building footprint and disposition, energy consumption, landscape 

integration, land size and territoriality, fauna and flora conservation, and topographical and 

geological hazards and risks (Radoine, 2017). Therefore, when a project pursues partially or fully 

environmentally friendly designs, it 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 it (Radoine, 2017). In 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 process, viewing the 

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 outside itself (Frampton, 

1991). Heeding Framptonôs call, vibrant research literature emphasizes the heterogeneous, 

contingent nature of architectural production by drawing attention to the role of clients, state 

regulation, the popular media, and land legislation (Jones, 2009). Goss (1988) explains 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 that reflect the interests of political powers and pressure groups. 

Henri Lefebvre (1971, 31) Also argued that space is political and ideological, a product ñliterally 

filled with ideologiesò (Lefebvre et al., 2017). It is a political product because it results from 

contradictory and conflicting strategies, 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 and desirable evolution of society 

(Busquet & Lavue, 2013). Architectural forms driven by these forces have political significance 

and always carry political meaning; it is produced from political conditions and has political effects 

and consequences (Yaneva, 2017). An example of the reflected political system in architecture is 

Fascist architecture, known for its grandiose and monumental style, with large-scale buildings, 

squares, and classical motifs. This type of architecture aims to communicate 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 achievements (Taylor, R, 2016). Therefore, we refer to the legislations, city master 

plans, and local and national forces reflected or embedded in the built forms as the context of the 

political domain. 

VII.  Economic Domain  

Contextual dimensions are not limited to the physical, social, and cultural domains; they also 

possess a long-standing and close link with dominant economic interests (Yaneva, 2017). In other 

words, as well as being shaped by bureaucratically codified state regulations and environmental 

forces, architecture is also fundamentally conditioned by the broader economic ñcontextò in which 

it is commissioned, designed, and understood (Yaneva, 2017). These economic factors directly 

impact urban morphology, land use, urban construction, urban areas of new growth, and population 

filling the urban interior space (L. Zhao et al., 2019). For 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 suburban areas, the land price is not as high 

as in downtown areas; factories are profligate of land, spreading out over acres, making the land 

pay through saleable output (Zimmerman, 2019). These economic forces divide cities into 

different segments: the corporate city of high-rise office buildings, the old dying industrial city, 

and the immigrant city (Sassen, 1996). This hierarchy of urban arrangements, from costly parts of 

the city to the low land price, hints at the economic context of each neighborhood.  

 

Material selection in building construction or renovation can be considered another factor that 

highly depends on the economic context of the settings. This means that building material values 

highly depend on the inhabitantsô economic situation and the neighborhoodôs economic status. In 

some cases, architects use a very modest construction budget and reductive design strategies, or a 

consumerism way of design based on the neighborhoodôs economic context. In a case study, 

Michiani & Asano (2016) indicate that house material selection in their case study region 

(Banjarmasin, Indonesia) is considerably related to the financial status of the inhabitants since 

cheap materials are preferred for housing renovation or improvement. All of the economic factors 

mentionedðincluding land value, material selection, the financial situation of inhabitants, and the 

value of rent in the neighborhoodðhave a direct impact on the built environment. This impact can 

often differ significantly from what was originally planned. Therefore, it is crucial to consider the 

economic context and forces when practicing contextual architecture. 

 

2.2.5.2. Context Considerations in Historical Architectural Design Approaches 

The architectural style plays a crucial role in shaping the site composition. However, it cannot be 

classified exclusively within one of the 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 architectural context, we will 

briefly discuss the dichotomy between definitions of ñcontextò in modern and postmodern styles. 

In the modern era, fast urbanization and modern urban planning led to expunging human-related 

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 memory, the social 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 buildingôs design in modernism since it looks upon context as an overly scientific, pragmatic 

attitude (R. Beaver, 2006). In other words, in this style, buildings may be incompatible with their 

social and cultural context, but the focus is on the buildings themselves; they have the pretense of 
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standing alone (Çizgen, 2012). Buildings designed by the modern mindset can hardly act as 

culturally and socially representative of their community, and they are merely superficial on the 

manufactured and physical levels (Melhuish, 2005). Consequently, it created structures that 

distanced themselves from the outside world, declined social and communal cohesion, and 

decreased the quality of the built environment (P. Schumacher, 2009b).  

Vernacularism and critical regionalism are two responses to overemphasizing the siteôs physical 

and pragmatic aspects. In his 1973 book Architecture for the Poor, Fathy, a vernacular architect, 

challenged the inability of modern architecture as a sophisticated building process to produce a 

more genuine communal and environmental physical context (Steele, 1992). He exposed how 

modern and imported practices were isolated from the spirit of place, and how they involved 

architectôs self-image and not   peopleôs will (Radoine, 2017). Frampton (1993) criticized modern 

architecture and stated that it should be fed with the site and regional-based values to create 

architectural unity between the product and the context. In his critical 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 

ñuniversal civilizationò and ñlocal cultureò (i.e., a consideration of "local" and "direct 

experiences") (Kalkatechi, 2009). Therefore, context encompasses the broad meaning in 

vernacular and critical regionalism compared to what modernism delineated.  

In contrast, these movements are seriously criticized for how they refer to architectural context. 

For instance, Koolhaas describes contextualism in the postmodern era as a set of stylistic 

manifestations, which is a common characteristic of many co-opted ideas in architecture. This way 

of contextualism consideration referred to red brick buildings being built in red brick 

neighborhoods and gingerbread-style architecture in areas with similar structures (Nesbitt, 1996). 

In essence, Koolhaas views context as a thing of the past that focuses on preserving certain 

buildings and their right to exist. In this case, contextual relevancy is applying outdated conceptual 

structures that increase the rift between the discipline of urbanism and the real forces shaping the 

present. Besides, old theories of urbanism, insofar as they are the wrong tools for looking at the 

present, are repressive veils keeping us from accessing an authentic experience of what is real 

(Otero-Pailos, 2000). However, context encompasses more than merely tailoring buildings to 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. For instance, 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 populist and downmarket end of architecture (i.e., basic construction), contextualism 

equates to a response to ideas of traditional architecture, involving the mass-produced and 

superficial reproduction of familiar images (also circulated by the media) that represent 
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recognizable ways of life and common societal aspirations (i.e., brand recognition). With this false 

understating of context, Wright's Guggenheim Museum, Kahn's Yale University Art Gallery, Pei's 

Hancock tower (to name a few), may have never been built. These projects are considered 

fragmented objects in the community with little coherent relation to the context; however, they are 

the landmarks of the urban fabric and irreplaceable milestones in architecture history. Therefore, 

although contextualism'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 structures (Y.-

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 approaches have impacted it. However, these definitions 

are still lacking in that they are subjective 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 political-economic domains may seem abstract and complex, the other 

domains can be further dissected into finer details and more simplified parameters. 

Therefore, we will focus on the five tangible domains that have more potential to be decomposed 

into specific and refined detail components: social, cultural, historical, physical, and 

environmental. Our aim is to define the components (a difficult 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 

ñcontext.ò This process has emerged from our data collection methodology, where we attempted 

to categorize our findings. Table 1 shows the defined context domains, along with their 

components and descriptions. However, it was not possible to assign all components specifically 

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

of belonging or symbolic codes are attributed to the cultural domain, but they can also result from 

the social aspect of context. 

 



39 

 

Table 1. Five Overarching Context Domains: Their Components and Descriptions 
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As cited by Frampton (1993), tectonic was first defined by the German aesthetician Karl Botticher in his book Die Tektonik 

der Hellenen (1852);óTektonikô referred not only to the activity of making the materially requisite construction, but also to the 

activity that raises this construction to an art form. The functionally adequate form must be adapted so as to give expression to 

its function. The sense of bearing provided by the entasis of Greek columns became the touchstone of this concept of Tektonik.  

 

In other words, tectonic can also refer to the poetics of construction. As exemplified in Sekler's research, the notion of 

tectonics refers both to the designed result, representing a form of knowledge that can be pointed out in actual design works, 

and to a call for a critical awareness at a methodological level, representing a form of knowledge that can be expressed 

verbally (Sekler, 1964). This knowledge and tectonic practice suggest a possible way to produce cultural continuity in 

variation, and the tectonic form reveals manôs conscious attempt to express the meaning of his existence (Byun, 1993). 

Frampton also argues that architectonic strategies help cities recover their cultural density (Frampton, 1993). Frampton 

believes that cultural principles reside in architectural form; he supports the tectonic discourse rather than the scenography-

based representation of a façade (Byun, 1993). Moreover, as Marco Frascari and Vittorio Gregotti claim, as cited by Al -Ansari 

(2011) Tectonics is expressed in relationships between part to whole. Materials, texture, surface, and joinery are all capable of 

articulating specificities of culture and context (Al -Ansari, 2011). Amos Rapoport claims culture is a set of codes embedded in 

the built environment; assuming that is the case, cultural codes could be deciphered by analyzing a building's tectonic 

properties (Rapoport, 1987). 
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 Archaeological heritage on the site is a tangible cultural site element that is rarely explored in design and thereby remains 

problematic. With the contemporary drive for design to be extremely modern and imposing, heritage and archaeological 

elements of the site have been reduced to a set of frozen elements that are not necessarily considered in the design process 

(Radoine, 2017). 
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Culture can be understood as communication, with signs and symbols being the modes of communication (Eco, 1980). 

Building and urban fabric are the main means of communication in the cityscape. There is a need for an environment that is 

not simply well organized but poetic, symbolic, and communicative. It should speak of the individuals and their complex 

society, their aspirations and historical tradition, the natural setting, and the complicated functions and movements of the city 

world (Lynch, 1984). This environment consisting of the various shapes of buildings adds up to a kind of visual language, 

which provides a different sign for each kind of building (ARNHEIM, 1977). In his 1977 book, Learning from Las Vegas, 

Venturi considers postmodern architecture based on signs and symbols. He notes that architecture, in its perception and 

construction, depends on previous experiences and sensory participation. These symbolic and expressive elements may 

contrast with buildingsô forms, structures, and plans. However, they can also enhance a buildingôs architectural value and 

cultural relevancy (N. Shi, 2018). In a discussion on city landmarks, Lynch notes that city signs or symbols are frequently 

used as clues of identity and even of structure and seem to be increasingly relied upon as a journey becomes more and more 

familiar (Lynch, 1984). 
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Jackson, (1994, 157-158) describes the current relevance of ñsense of placeò as describing the atmosphere to a place, the 

quality of its environment and possibly its attraction by causing a certain indefinable sense of wellbeing that makes people 

want to return to said place. Isaacs (2000) explores the application of sense of place to perception and quality of places and 

urban design. However, our concepts of zoning and the law, our abdication to planners, and our habits result in the fact that we 

seldom build ñplacesò; instead, we opt for constructing collections of freestanding objects unrelated to each other or their 

particular place. This decreases the cohesion of the place and consequently degrades the sense of the place. (Rudolph, 2008). 
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Assimilation as a cultural context component refers to the userôs ability to create and assimilate their own visual images of a 

place (i.e., the ease of understanding a place) (Hussein, 2020). The richness of urban space is measured by its ability to 

provide users with different activities that they can enjoy. (Hussein, 2020) 
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 Each site, be it untouched or previously used, has a memory of use and a story. Therefore, there is always a pattern of social 

use that can be tangible or intangible. The tangible part has material evidence that varies from a simple pathway to a complex 

settlement. The intangible is often found in the narrative and myths generated by users over timeïit is what philosopher Paul 

Ricoeur describes as the ñmythical and ethicalò and the ñcreative nucleus of great culturesò (Ricoeur, 1965, p 267). It is 

essential to establish a dialogue with the projectôs site to reveal its patterns of use so that these can adequately inform the 

course that the design will later take (Radoine, 2017).  
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Historic buildings are landmarks and symbols of cities (Lynch, 1984).  

The new building should "integrate harmoniously" into the old surroundings, not break "the balance of the composition 

(Arnoth, 2005). 
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) An approach to urban planning/architectural design (1960-1970) 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 mediate its surroundings 

(Burden, 2012). 
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Identity is what distinguishes every individual, group, population, or culture from others. It differs depending on the society or 

nation in question and is an expression of a kind of unity, solidarity, uniformity, persistence, integrity, and non-divisiveness 

(Moharami, 2004). Individual identity in the city context refers to elements added to urban space by users to express their 

identity. Users are motivated by the urge to develop and improve and the desire to determine or modify the mental image of 

the urban space (Hussein, 2020). The concept of place identity entered into architectural thinking during the 1960ôs with the 

growing awareness of the lack of identity in new towns shaped according to abstract notions. It was argued that space 

becomes a place when people attach meaning to it (URAZ & BALAMĶR, 2006). 
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individual or shared memory. For instance, the ritual or frequent use of a space can create an intense sense of belonging 

(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 better) 

than what they can find in other areas (Jørgensen, 2010). 
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Charles Moore defines communication as "the making common of some property to a number of things" (Moore, 2004).  

Although the terms community and communication usually refer to the relationship between human beings, Capon (1999) 

mentions that "communication may also be between buildings or even between people and buildings." Capon (1999) explains 

that buildings talk to each other, and, similarly, Le Corbusier writes that ñbuildings é like so many people all talking at onceò 

(Capon, 1999). 
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The contextual awareness does not stop at the site boundary: it is reflected in a concern for the global environment through the 

choice of materials and a responsible attitude to the use of energy and other resources (Steane & Steemers, 2004).  Design 

irrespective to climatic conditions, such as wind orientation and velocity (ventilation and air circulation), solar consideration, 

humidity, etc. means either to create uncomfortable indoor environments or to increase the need for maintaining thermal 

comfort through artificial means (Bodach et al., 2014). Regarding nature, Christian Norberg-Schulz writes that ñRocks, 

vegetation and water make a place meaningful. [é] In the environment [such places] function as ñcentres,ò they serve as 

objects of manôs orientation and identification, and constitute a spatial structureò (Norberg-Schulz, 2013). 
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Mario Botta as referenced in Hirst (1993) mentions that every work of architecture entails the construction of a site. The site 

and its topography are not isolated objects; on the contrary, it is an entity that takes root in a distinctive place. For this reason, 

the territory is an integral part of the project and its context and never an incidental element. From this point of view, it can be 

said that architecture is the discipline that, instead of building on a site, builds that site (Hirst, 1993). Frampton (1993) also 

highlights the importance of paying attention to the site topography. The author mentions that the bulldozing of an irregular 

topography into a flat site is a technocratic gesture that aspires to a condition of absolute ñplacelessnessò(Frampton, 1993). In 

contrast, the terracing of the same site to receive the stepped form of a building is an engagement in the act of "cultivating" the 

site" (Frampton, 1993).  It has been observed that vernacular architecture effectively utilizes topography to create comfortable 

interior environments (Hazbei et al., 2014, 2015) 
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Proportion systems in architecture play a major role in aesthetic decisions of ordering shapes and masses of buildings in 

harmonious ways. Vitruvius writes of proportion: ñas a correspondence among the measures of the members of an entire 

work, and the whole to a certain part selected as a standardò (Rowland & Howe, 2001). Alberti defines beauty to be ñthe 

harmony of all the parts, in whatsoever subject it appears, fitted together with such proportion and connection, that nothing 

could be added, diminished or altered, but for worse.ò (Corso, 1977) (Weber & Larner, 1993) 
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2.2.5.4. The Varying Scales of Context 

As we broke down the context components, we realized that they represent different scales. Some 

corresponded to the overall city or a country, and others were more detail-oriented, ranging from 

a block to a building. In his "Bigness" theory, Koolhaas explained the importance of scale in 

analyzing built environments (Koolhaas, 2014). He introduces the following equation, ñBigness = 

S
c
a
le 

Johnson (1994b) notes that we should ñ[A]lways design a thing by considering it in its larger context: a chair in a room, a 

room in a house, a house in an environment, an environment in a city planò (Johnson, 1994, p.284). In other words, to 

understand the local context, the broader context has to be taken into account (Tugnutt, 1987). For instance, different scales of 

contextualism can be considered, ranging from the urban skyline to the minute details of an interior (Sotoudeh & Abdullah, 

2012). In architectural and urban practice, what this implies for the design process is a need for a better consideration of 

existing urban and architectural patterns and forms to arrive at an appropriate scale following a careful understanding of the 

reciprocal size of projects in both rural and urban developments. Therefore, a proportionate relationship is to be established 

between size and scale to create an architecture of sense and not one of ephemeral euphoria (Radoine, 2017). 
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Which of the materialsðwood, glass, or stoneðis contextual, and which are not? Building materials, the shape of the 

building, etc., could consider types of expression  which may not be clearly distinguishable in physical space  (Taurens, 2008). 

Using local materials ensures that a visual relationship with the surroundings is created. 
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Coherence is a mostly unconscious judgment in which many pieces of information (e.g., representations of concepts, images, 

and actions) are combined until they fit in a satisfying way (¢alēĸkan & Mashhoodi, 2017a). Alexander (2002) explains that 

integrity, or coherence, is the objective condition of a spatial composition that is measurable and occurs more or less in each 

part of the space. Spatial coherence can be described as the wholeness of any pattern-like composition. It can be achieved 

when a composition is proportional and balanced and the independent components are integrated into a whole (Hazbei & 

Cucuzzella, 2019a, 2021, 2019b; Smith, 2010a). It's impossible to enjoy an individual building if it does not belong to a 

suitable environment that constitutes a coherent picture (Johnson, 1994b). A building is coherent as a whole within itself; it is 

similarly necessary to relate buildings both among themselves and among the environment they find themselves in (Capon, 

1999). 
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e The skyline ensures the connectivity and continuity of the cityôs view. The continuance of edge or surface such as a city 

skyline and the nearness of composite parts (e.g., a cluster of buildings) facilitate the perception of a complex physical reality 

as one or as interrelated block or unit, the qualities which suggest the bestowing of single identity (Lynch, 1964).    
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The architectural elements x and y harmonize, meaning that their spatial proximity confers a positive aesthetic value upon the 

whole composed of x and y. (De Clercq, 2011). In  Merriam-Websterôs collegiate dictionary  defines  harmony as a joint, 

proportion, fitting, or joining. Harmony could be understood as the adaptation of the parts to each other, intended to form a 

connection to the whole; such an agreement between the different parts of a design or composition produces unity of effect 

(Staff, 2004). Le Corbusier defines it as ñharmony reigning over all things, regulating all the things of our lives, is the 

spontaneous, indefatigable and tenacious quest of man animated by a single force: the sense of the divine, and pursuing one 

aim: to make a paradise on earthò (Corbusier, 2000). 
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Goethe took morphology as a science dealing with the very essences of forms (Bullock et al., 1977). However, urban 

morphology refers to the physical configuration of urban areas and urban form-function relationships. It refers to the physical 

complexities of urban forms of various scales (i.e., from individual buildings and plots, to street-blocks, and the street patterns 

that make up the structure of towns). This helps us understand how towns have grown and developed (Larkham, 2005).  
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Urban colors, as one of the most critical components of context, pose as one of the most vivid forms representing city image. 

A harmonized and consistent city's colors establish a unique and spectacular scenery and contribute to the overall city image 

(L. Y. Li, 2015). People select colors in their surroundings, exhibiting a taste for certain combinations and avoiding others. A 

ñcollective eyeò seems to guide these choices rather than individual inclinations. Colors are distinctive and self-contained, as 

much a part of human coding in cities as their signs and symbols (Swirnoff, 2000). 
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The concept of density in urbanism is frequently used to describe the relationship between a given area and the number of 

entities in that area. However, it also plays a role in discussing the preferred urban forms (Berghauser Pont & Haupt, 2009). It 

refers to how city buildings are organized and formed, which, in turn, affects citiesô spatial qualities. Differentiation in urban 

fabric density leads to different city topologies. Here, density is not represented as a mere numeric ratio;  In fact, urban density 

represents how the urban fabric is experienced, perceived, negotiated, and contested as people live in and move through the 

city(McFarlane, 2016).  
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urbanism vs. architectureò to 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 parts that remain 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, each contributing 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 interconnectedness of urban and architectural scales, recognizing that 

diverse elements within the city contribute to its overall function. Besides, the lack of coherency 

between interior and exterior spaces can be seen in large-scale 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 quality (Koolhaas, 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 understood and considered on a reasonable scale. 

Sotoudeh & Abdullah (2012) explain different scales of contextualism ranging from the urban 

skyline to the minute details of an interior. Tracy Nasr (2015) proposes the determination of both 

ñthe physical and non-physical attributesò of the immediate context (i.e., the near context) and 

regional context (i.e., the distant 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. Also, this 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.  

¶ The first category is ñCountry & city,ò in which buildings should be compatible with their 

broader context within-country limit and broad geographical context.  

¶ The second category is ñRegion & surroundings,ò and it considers 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 category (Tabarsa & 

Naseri, 2017).  

¶ Third, the ñDifferent zone of building (exterior/interior)ò context scale considers that 

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 addresses building 

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 form(Capon, 1999). (See 

Table 2) 

Table 2. Scope and scale of 'context' components 

 

 

 

 

 

Context domain  Components of 

context 

Country & 

city 

   

Region & 

surroundings  

Different 

zone of 

building 

(exterior/ 

interior)  

Element of 

building/details 

Social 
Individual Identity     

Communication     

Sense of Belonging      

 

 

Cultural  

Tectonic forms 

(language of forms)  
    

Heritage     

Symbolic Codes     

Authenticity and the 

Sense of Place 

    

Assimilation and 

Richness 
    

 

 

Historical  

Site History     

Memorable and 

Landmark Buildings  

   

Totality 

(Unity of the Entity) 
    

Environmental 
Climate 

Factors/Nature 
    

Topography     

 

 

 

 

 

Physical 

 

Proportionality     

Scale     

Material and 

Composition 
    

Coherency     

Skyline     

Harmony/Fitting      

Orientation/Urban 

Morphology 
    

Color     

Building Density/ 

Pattern of Topology 
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Table 2 shows that all the context components fall under the category of ñRegion & surroundings,ò 

and that the ñCounty & cityò category contains a majority of the context components as well. This 

implies that, in general, context components are related to a larger scale rather than to the building 

zone and details. In other words, social, cultural, historical, and environmental context elements 

are tied to the city and region as they are subjective and intangible. Alternatively, physical 

parameters are more correlated to the immediate context, including the building zone and its 

details. Nevertheless, economic and political forces were not considered in the scale classification 

because they are abstract, and it is clear that they belong to larger contexts such as the "Country & 

cityò and ñRegion & surroundingsò categories. 

 

2.2.5.5. What is the Gap in the Address of Context in Parametric Design? 

 

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 additional facets of 'context.' 

These facets are of potential significance, distinct from those addressed by parametric approaches, 

yet often overlooked. These aspects are highlighted as follows:First, as noted in the literature 

review, parametric theorists claim that parametricism refers to various ideas that drive the current 

design culture, including aesthetic, philosophical, and political agendas (Poole & Shvartzberg, 

2015b). They define parametricism as a contextual, cultural, and aesthetical paradigm. However, 

our research results (See Figure 3) show that, when considering a broader definition of context 

(i.e., one that includes cultural, social, historical, environmental, and political-economic aspects), 

parametricism can only address quantifiable or measurable factors such as climate and physical 

site-specific elements since they are quantifiable and measurable . As 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), encompass a greater level of complexity that cannot be simplified solely by 

architects. They require more profound interdisciplinary research in the field of political-economic 

studies. Additionally, 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 this research. 

 Moreover , in other domains that are broken down, some elements remain too abstract and 

qualitative to incorporate into parametric architecture, such as individual identity in the social 

domain. These purely qualitative and intangible context elements are neglected in parametric 

design because they cannot be converted into tangible and measurable parameters. This often 
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results in parametrically designed buildings that are seductive alien 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 

quantifiable, while others appear less amenable to measurement. Many 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 parameterization, even though they exhibit rule-based 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 

some extent, can still be interpreted as existing within chaotic forms to a certain degree. As a result, 

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 contrast, small-scale components such 

as building forms, proportionality, and materials seem more applicable to parametric design. 

However, large-scale, 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 small-scale and 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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Figure 3. Context domain, components, scales, their parametrizability, and their connections. 
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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 interpretation. (Graneheim et al., 2017). 

Second, the more abstract and interpretive the categorization process, the harder it is to establish 

the credibility and authenticity of the analysis (Graneheim 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 primarily on 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 relevant literature. However, there were some limitations associated with this 

categorization, which are mentioned as follows:The 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 process. Moreover, throughout the research, numerous books and research articles 

were analyzed to facilitate rigorous sampling and categorization. Nevertheless, 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 have been resource-intensive 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 of domains and class components 

involved in this approach covers a wide range of characteristics, which aids in understanding the 

quantification 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 human-related elements. The findings support the notion that qualitative and, to some extent, 

quantitative 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 conclusion was reached after a comprehensive study of the ñcontextò discourse, including an 

analysis of the different domains and components of context. Our study shows that certain 
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conceptual aspects of context cannot simply be degraded to tangible and codified parameters. It 

was revealed that context encompasses a wide range of meanings, each representing a different 

epistemological world, and their essence cannot be accurately captured, translated into the binary 

language of computers, and parametrized. Integrating these human and broader aspects of context 

requires a conventional, non-linear, and complex architectural process. Simply ticking boxes of 

included context components in design process is thereby an insufficient endeavor. Moreover, 

oversimplifying parametric design by reducing the rich meaning of context to one 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 as a ñcontext-oriented architecture.ò Further research should focus on the possibility of 

parametric architecture addressing the intangible values of context, as well as case study research 

to assess the extent to which parametrically designed buildings address broader and richer 

contextual significance. 
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Section 2.3. Formal Coherency in Parametric Design 

2.3.1. Published Abstract  

Parametrically designed buildings often have spectacular exterior forms, quasi-sculptural, that 

catch the eye of the passers-by. 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 the quality of the indoor space is not compatible with the outer 

building envelope. This paper seeks to highlight the importance of coherency between these two 

parts of parametrically designed buildings. To do this, we conducted a two-step survey with 

architecture students where we first presented a set of different views of indoor and outdoor spaces 

of some parametric buildings. They were asked to match the images of the interior spaces to images 

of the exterior facades. In the second step, students were asked to evaluate each building by their 

formal criteria (specifically the coherence of the façade and indoor space) for parametrically 

designed projects in order to identify if a gap existed between the two aesthetics. 

 

2.3.2. Introduction  

Design process has changed during the Twentieth Century. Before the advent of computer 

applications in the design process, architects used basic tools for design, such as pencils and tracing 

paper, making the form-finding process very time-consuming. Due to these design limitations, 

precedents with complex curve forms cannot be found in previous decades, as they are 

predominant only recently. The evolution of computer-integrated design from single design 

modeling systems to designer-supportive design environments and eventually to truly generative 

geometric design machines (which parametric systems are rapidly becoming) has brought with it 

a substantive transition in the nature of design methods and processes. Nowadays, explosive 

growth of digital technology has affected the very core of architectural design. Certainly, digital 

tools offer new possibilities that were inconceivable only a few years ago (Picon, 2010c). 

However, the most promising potential application for this technology is the form-finding process, 

mainly focused on the formal aspects of building design rather than the whole process of designing 

a project. Based on Vitruviusô definition, one of the three main dimensions of any architecture is 

delight, which is mostly neglected in the interior design of parametric buildings. This may be for 

several reasons, but what this paper hypothesizes is that the overuse of parametric tools in façade 

design may lead to incompatibility and incongruity between formal aspects of the exterior form 

and flow aspects of the interior. 

This paper is separated into three sections. In the first section, we provide a brief description of 

the parametric approach to design and investigate its 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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arise in computerized design, will be presented. In the second part, we briefly discuss the notion 

of what is meant by the ñformal aestheticò of a building in the context of this paper. This will help 

us to define the factors and parameters with which we can evaluate each building on specific 

criteria. These indicators will also facilitate the comparison between the indoor and exterior views 

of buildings. Since comprehension of formal quality is achieved through a descriptive approach, 

we use aesthetic rules, which provide us indicators for comparison. These 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 shaping spaces' designs to be more enjoyable 

(Nasar, 1994). Moreover, research has repeatedly confirmed commonalities in architectural 

preference (Hershberger, 1970; Nasar, 1999; Wohlwill, 1976). They will be delineated in the 

following sections. In the third part of the research, we present the results of a survey that required 

design and architecture students to examine each building based on varying formal interior and 

exterior qualities. As a major criterion, the architectural students were required to have a high 

interest in computerized design. We present the results of this study. This is followed by a brief 

discussion of them.  

 

2.3.3. Parametric Design  

Over the past fifteen years, digital media has been adopted and employed by architects in many 

ways. This has influenced the whole field of architectural design. Early on, digital media was 

applied only as a representational tool. With continually emerging digital technology, however, 

architecture has found a new tool for conceptual design in digital media (Schnabel, 2007). This 

process has given rise to a new approach to design called parametricism. The approach is rooted 

in digital animation techniques, with its latest refinements based on advanced parametric design 

systems and scripting methods (P. Schumacher, 2009b). This level of customization and specificity 

makes it possible to modify models built by designers and visualize their ideas interactively in 

three dimensions (Jabi, 2013). 

These variable data do not only establish mathematical relations; they also include geometric 

information (Steinø & Veirum, 2010). With advances in computing power and the growing 

availability of data, parametric systems can now be employed to deal with complex architecture 

and urban phenomena on a multi-scalar and multi-dimensional level. Compared to conventional 

design methods, rule sets are the basic, major parts of a parametric design, generating architectural 

and urban models (Abdelsalam, 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 relationship (Karle 

& Kelly, 2011a), whereas for traditional methods, designers usually only consider a relatively 

limited number of alternative solutions ( robert F. Woodbury & Burrow, 2006). Another advantage 

is that designers can change and modify their own rule-based models at any stage of the design 

https://www.sciencedirect.com/topics/engineering/computing-power
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process. This allows the design process to be kept open and flexible, as all procedures, activities, 

and relations in a parametric design are clearly defined (Oxman & Gu, 2015). 

 

2.3.3.1. Form Creation with Parametric Tools 

Parametric design implies the use of parameters to define a form; however, what is actually at play 

is the use of relations (Monedero, 2000). Woodbury (2010) explains that parametric design has 

been defined as an explorative process involving associative relationships between geometric 

concepts. In a 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 invention that models itò 

(Oxman & Gu, 2015). 

The mathematical knowledge of architects realized through computer parametric tools leads to 

complex architectural forms. This complexity in architecture is due not only due external stimuli 

such as increasing building performance requirements, new building functions, user requirements, 

urban settings, spatial configurations, integrated design processes, etc., but also to a new formal 

interest in free-form geometry and its underlying mathematical and geometric concepts (Dino, 

2012). Design computation claims to be able to help designers make complex decisions with 

greater confidence compared to conventional means (Bittermann, 2009). The advent of computer-

aided design tools in architecture has paved the way for a new, non-Euclidean geometric-aesthetic 

framework, and enthusiasm for unconstrained experimentation in fluid n-dimensional design 

spaces. Computational tools are falsely characterized by this tendency, and are believed to be only 

capable of generating purely sculptural forms (Dino, 2012). 

 

2.3.4. Architectural Aesthetic  

Much of the historical literature on aesthetics holds that it is best understood through qualitative 

descriptions. It has also been referred to as idiosyncratic and subjective. However, researchers 

have more recently searched for general principles to help better comprehend this vast subject. 

Psychologists define aesthetic response as favorable emotional appraisal or evaluation (R. S. 

Ulrich, 1983; Wohlwill, 1974). Nevertheless, the pursuit of enjoyable surroundings does not imply 

uniform design criteria to make all buildings and places pleasant. Evaluative response has been 

found to consist of three components: pleasantness, excitement and calmness (Nasar, 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 symbolic aesthetics. An individualôs 
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experience of a building depends on an interaction between its features and the individualôs 

knowledge structures of experience related to the particular class of building. Given that 

parametric design is heavily focused on the structure of forms, it can reveal an 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. Formal and Symbolic Aesthetic  

The study of the structure of forms has been called formal aesthetics, and the study of the human 

responses to the content of forms has been called symbolic aesthetics (Lang, 1988)  

Although symbolic aesthetics plays a key role in a spectatorôs perception of parametrically 

designed buildings, it requires deeper research on the individualôs internal representation and its 

interpretation of the physical world. For instance, the symbolic meaning of the national stadium in 

Beijing, which is often referred to as the ñBirdôs Nest,ò can be considered as the symbolic aesthetic 

for the people of China. The symbolic meaning attributed to the Beijing Olympic Stadium was 

Chinaôs pride and confidence ï a fundamental symbolic message to the world. The role of the 

symbolic will  be investigated in further research. In this paper, 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, 1976). This article focuses on these 

variables because of their relevance to the formal quality of buildings. For example, speaking on 

complexity, Nasar (Nasar, 1989) describes the quality as involving more independent elements, a 

larger difference between them, and less redundancy and pattern. In speaking of the environment, 

researchers have replaced the term complexity with diversity, or visual richness. Kaplan and 

Kaplan (R. Kaplan & Kaplan, 1989) refer to visual richness to suggest removing negative contents 

of environmental complexity, such as clutter and other factors that reduce order. In the context of 

this study, complexity refers to diversity and visual richness, which most parametrically designed 

forms display. On the subject of order, it refers to the degree to which a scene falls together or 

makes sense (R. Kaplan & Kaplan, 1989). Several formal variables, including familiarity, 

redundancy, and compatibility may affect the perception of order (Nasar, 1994). In this article, 

ñorderò alludes to the logical relation between similar formal elements, which can be recognized 

by the viewer, where the order can be considered an arrangement of design. More precisely, ñorder 

in designò is when the coherence between components and the whole form can be easily realized. 
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2.3.4.2. Different Approaches in Design Aesthetic 

Gifford et al. (Gifford et al., 2000) describe four research approaches in design 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, 1982), unusually high ceilings (Baird et al., 1978), and square as 

opposed to rectangular rooms have all been associated with higher preference ratings (Nasar, 

1989). Exterior features such as curved lines and decorated articulated facades (Frewald, 1991) as 

well as cleanliness and ornateness (Nasar, 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 Nasar (Purcell & Nasar, 1992) reported 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 observersô affective responses to their architectural preferences are related to their preferences 

for different building facades (Mehrabian & Russell, 1974; J. A. Russell et al., 1981). 

The first two mentioned approaches (objective features and abstract aesthetic) can be considered 

formal and tangible aesthetics, but this does not mean that all preference-influencing features are 

physical. The last two approaches (the goodness of fit and mediating role of affect) are intangible, 

psychological aesthetics based on observersô appraisals rather than buildingsô formal features. The 

first two aesthetic factors are used in this work to compare the formal aesthetics of interior and 

exterior views.  

2.3.5.  Coherence 

Since coherence is an abstract concept, it requires comprehensive definition. In this section, we try 

to summarize its definition in both the conceptual and physical domains. (Thagard, 2002) describes 

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 satisfying way (¢alēĸkan & Mashhoodi, 2017b).  

In the physical domain, (Alexander, 2004) explains that integrity, or coherence,  is the objective 

condition of a spatial composition  that is measurable and occurs more or less in each part of the 

space. Spatial coherence can be described as the wholeness of any pattern-like composition. It can 
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be achieved when a  composition is proportional and balanced and  the independent components are 

integrated  into a whole  (Smith, 2010b). In other words, coherence means integration of diverse 

elements, relationships, or values into a whole, a larger unit (Mohammadizadeh et al., 2018). 

 

Some definitions of coherence are as follows: 

¶ The condition of harmonious connection of the several parts that keeps the whole 

¶ together; (¢alēĸkan & Mashhoodi, 2017b). 

¶ the quality or state of being arranged and matched (Mohammadizadeh et al., 2018) 

¶ harmony, adaptation, balance, consistency and conformity (Mohammadizadeh et al., 

2018). 

¶ logical connection or relation, congruity, consistency; (¢alēĸkan & Mashhoodi, 2017b). 

¶ the action or fact of cleaving or sticking togetherô (Oxford English Dictionary (OED), 

2016). 

Coherence as a system has two key characteristics: ñconnectivityò and ñconsistencyò. Connectivity 

related to spatial closeness, and consistency stands for being in an enduring or continuing state of 

fitness by which constituent parts of a system complement each other. (¢alēĸkan & Mashhoodi, 

2017b). Indeed, Henri Lefebvre explains that coherence is represented by the relationship of the 

parts to the whole (Lefebvre & Nicholson-Smith, 1991). Contrary to coherence, Lefebvre claims 

that, ñincoherence 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 combination.ò (Lefebvre & 

Nicholson-Smith, 1991) 

(Nasar, 1987) raises the question of how coherence is relevant to perceived visual quality. 

Perceived visual quality has been described as the product of two fundamental human needs: the 

need to be involved, and the need to have a scene make sense (S. Kaplan et al., 1982). The 

environment must be welcoming of human attention, and it must make sense for humans to operate 

within it. The coherence between interior and exterior space and the paths to harmony in the two 

environments play significant roles in satisfying the human need to have a scene feel logical. (S. 

Kaplan et al., 1982) (GrietǛna, 2015).  

 

Interior/exterior discourse:  
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In conventional design approach, the relationship between inside and outside is provided very 

strictly (Krstiĺ et al., 2016). However, this view has not been constant across architectural periods. 

Indoor and outdoor spatial separation, in fact, underwent a process of gradual phasing-out, 

culminating in the modernism period (see Table 3), at which point, the outside space began to be 

considered an extension of the inside space. Thus, clear borders do not exist anymore. Spaces 

switch gradually, making the architectural composition more unified and unique. (Krstiĺ et al., 

2016). The composition cannot be defined either as inside or as outside, but as architectural space 

that can be considered simultaneously inner and outer (Krstiĺ et al., 2016).  

 

Table 3. Summary of Studies of the evolution of indoor/outdoor dialogue in architectural history adapted from  (GrietǛna, 2015) 

Period  Indoor/ outdoor 

dialogue 

Reasons  A showcase building  

At the start of humanity Accentuation tended to 

proceed from outdoor 

space to indoor. 

Homes should be masked 

due to safety reasons. 

 

Caves 

Byzantium - European 

Renaissance 

 

The principle of moving 

from outdoors to indoors 

remained but was already 

expressed in accentuation 

of entrances, continuity of 

borders and development 

towards the center. 

Centralized structure. Villa Rotonda, built by 

the architect Palladio 

Baroque Indoors (divisions of 

interior space) started 

reacting to outdoors. 

Creation of a sense of 

movement. 

The façade presents an 

extraordinary composition 

of interlocking curvilinear 

movements (Martin, 

2018). 

 

Berniniôs Church of 

Sandreaa al Quirinale 

 

The interior of this 

building can be deduced 

from the outside(Martin, 

2018) 

Modernism  Linking indoors and 

outdoors into a single 

whole. 

Multi -facetedness and 

endless diversity of inner 

interrelationships 

(Giedion 1941) 

Buildings designed by Le 

Corbusier and F.L.Wright 

    

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 inside out (Corbusier, 2007). His works were characterized 

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

integrity, and merging of indoors with outdoors. (GrietǛna, 2015). In explaining his viewpoint, he 

refers to the similarity of the building to a soap bubble that is ñperfect and harmonious if the air is 

evenly distributed and properly ordered from the insideò (2007, p. 216). Modern theorists and 
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architects believed in spatial continuity and consistency between interior and exterior spaces. Two 

examples of these design approaches are ñbreaking the boxò by Frank Lloyd Wright and the 

approaches of Loos and Mies van der Rohe (Saeidi, 2019).  

In F.L Wrightôs works, centralized plans in buildings were replaced by open ones. He accentuated 

and secured an irrefutable link between indoors and outdoors, materializing it in his architecture, 

which was free from choking and oppressive boxes and, through its glass panels, widely linked to 

picturesque natural landscapes. Interior plans of buildings, too, obtained freedom and pulsated into 

each other as live organisms. (GrietǛna, 2015) 

Though this emphasis on coherence and relation between interior and exterior was fully realized 

in the modern era, it was nevertheless considered in previous periods. Gilbert Herbert, in his book 

about ñFa­adism in Italian Architecture,ò criticizes Albertiôs SantôAndrea in Mantua, because its 

façade inadequately reflects the interior of the church. He mentions that Alberti attempts to unify 

interior and exterior by the repetition of the basic óómonumental archôô motif, but notes that this 

arch is ill-adjusted in form and dimensions to the body of the church (T. L. 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 and a path to unity in this complicated system (GrietǛna, 2015). 

We can say that, on the one hand, interior, spatial, material, and experiential qualities all contribute 

to the aesthetic experience, and even to a workôs symbolic qualities (Bhatt, 2013; Harries, 1984). 

On the other hand, the materiality and formal qualities of the exterior can equally contribute to 

functionality, such as shelter, shading, etc. (Harries, 1998). 

Although interior/exterior discourse has been surveyed throughout different architectural eras, 

studies of coherence of indoor/outdoor dialogue have been fragmentary, lacking a unifying core 

of meaning and scope (GrietǛna, 2015). We have made a table (Table 4) to track the studies related 

to indoor and outdoor architecture to show how they have carried their research and defined 

coherency between the interior and exterior of the architectural space. 

 

Table 4. Recent published papers related to the connection of interior space and exterior façade 

Reference  Title  Problematic  Methods Conclusion  Interior/exterior 

discourse 

(Krstiĺ et 

al., 2016) 

Interior-exterior 

connection in 

architectural design 

based on the 

incorporation of the 

spatial in between 

layers 

The connection 

between different 

spatial layers in the 

architecture. The 

space between 

interior and 

exterior space.  

Analyses of four 

residential 

houses. 

 The concept of spatial 

incorporation as a tool in 

connecting external and internal 

space. 

To create a good and 

continuous link between 

interior and exterior 

spaces, it is often 

necessary to find a 

compromise. 
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(GrietǛna, 

2015) 

Harmony in 

indoor/outdoor 

context of 

architecture 

Harmony between 

the interior and 

exterior in the 

context 

of architectural 

history. 

Comparative 

theoretical 

method.  

To create a harmonious indoor-

outdoor design, invest 

substantial 

resources in education in the 

historical process of architectural 

development and introduce 

diverse approaches to harmonize 

indoors/outdoors. 

In the 21st Century, the 

abundance of curved and 

multifaceted glazed 

surfaces on exterior 

building walls makes 

integration of indoor and 

outdoor space very 

visible. 

(Saeidi, 

2019) 

Envelopes and 

exteriority: 

Local specificity 

and extended 

exterior as design 

criteria for 

architectural 

Envelopes. 

The relationship of 

architecture to its 

surrounding 

environment. 

Case study. A design approach that utilizes 

the exterior environment to 

create climatic, atmospheric, and 

adaptive qualities for the 

interior. 

Three approaches:1) 

Inside-out, 2) Outside-in, 

and 3) Inside-outside. 

The author states that the 

third approach integrates 

the built forms into one 

whole system.  

(Saeidi 

Derakhshi

, 2017) 

Rethinking the 

Performance of 

Envelopes in 

Architecture 

Todayôs 

architectural 

envelopes, and 

how they lead to 

the objectification 

of architectures 

that are 

independent of 

their surrounding 

environments. 

Experiments 

conducted 

(research-by 

design).  

Approaching non-discrete 

architecture requires an acute 

emphasis on designing 

transitional spaces. 

To initiate a design 

approach that 

intensifies the 

interrelation between 

interior and exterior 

through specific 

performance foci. 

 

Based on Table 4, two main architectural incoherencies can be identified in these studies. First, 

incoherency between the exterior and interior of buildings. And second, incoherency between the 

envelope of architecture and its surroundings/context. Most papers that study the topic of 

coherence employ case study or research by design methods. The assumptions held for this 

research were that good architecture is that which has coherence not only between context and 

site, but also between the 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 problems and answer specific 

design questions. There are four applications of parametric tools. First, the thinking process of a 

designer, or specifically an architect, can be parametrized. In this process, an architect tries to 

define a set of problems, and then by changing the variables, different forms and alternatives are 

produced. The computational labor takes place in the architectôs mind and not digitally. For 

example, Gaudiôs designs are considered parametric because he used parametric thinking in his 

design process (Burry, 1993). According to Burry (as cited in (Barrios Hernandez, 2006), Gaudi 
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spent a total of two years developing a strategic methodology for the generation of his columns. 

The formal language of the Sagrada Familia columns represents a manipulation of simple 

geometric rules to make complex forms and produce a rich language with no precedents in 

architecture. 

Secondly, architects today use the computer as a machine to produce technical drawings. Their 

digital parametric tools help architects create complex or appealing forms and develop clear plans 

with construction details faster than they could ever hope to manually. Thirdly, architects use 

parametric tools to create whole forms of buildings through computer-aided design and with 

minimal interference from their hand. The case studies used in this paper are drawn from this 

category of parametric design. Finally, and most recently, building design can incorporate many 

different partsðfor instance, structure, optimization, energy, mechanical design, etc. These 

different criteria can lead to multi-objective designs. At the final stage of parametric design, 

multiple objectives can be considered while still achieving some type of optimized form.  

In this paper, we focus on the third approach because it focuses on creating formsðthe main 

subject of our work here. In terms of building function, parametric design has been used generally 

for monumental or large-scale buildings rather than for, say, individual houses. Due to this fact, a 

number of cultural centers, pavilions, arenas, dance halls, museums, commercial centers, and 

similar public cultural institutions have 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 different studies, 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, whereas the non-highlighted rectangles indicate topics that have the potential for further 

research (Figure 4). 

 

2.3.7. Analysis of Cases  

Because we classified the aesthetic features of buildings based on (Nasar, 1994)ôs theory, we asked 

architecture students who have expertise in the area to evaluate cases using his characteristics 

(complexity, form, uniqueness, regularity, and readability). The evaluation process consisted of 

two parts. In the first stage, we evaluated the initial and general spectatorsô perception of the set 

of buildings. To do this, we asked graduate design students to match interior views to exterior 

views. In the second step, since building evaluation based on aesthetic criteria offers a more precise 

map of formal coherency, the students were asked to evaluate each building by formal criteria.  
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2.3.8. Fi rst Survey 

Our first hypothesis stated that a lack of formal coherency can be seen between interiors and 

exteriors of parametrically designed buildings. At this stage, the levels of complexity, order, 

atypicality and other mentioned factors were not considered. Our initial aim was to evaluate 

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 presented in Table 5. Both the 

interiors and exteriors of each building are provided in the table.  

 

Table 5. parametric designed buildings which were used in the survey 

Name of the project Exterior view  Interior view  

Complexity

/simplicity 

Form 

uniqueness 

Regularity Readability 

Computerized Design  

(parametric design) 

Computer Aided 

Design 

Form Generating 

Tools 

Multi- objective Design: 

Energy, Optimization 

Aesthetic 

Evaluation 

Formal Aesthetic Symbolic Aesthetic 

Naturalness 

 

Upkeep 

 

Intensity of 

Use 

Style 

 

 Figure 4. Model depicting the focus of this research 
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Dance Palace  

Architect: Unstudio 

Location: St. 

Petersburg, Russia 

  
Broad Museum  

Architect: Diller 

Scofidio + Renfro 

Location: 

Los Angeles, USA  

  
CIB Architect: Vaíllo 

& 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 

 

  
Charles Street 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 Pavilion ï Milan 

Expo 2015 

Architect: Nemesi 

Location: Milano, Italy 

  

 

The results showed that merely 36% of all students were able to match the interior and exterior 

designs (Figure 5). 

 

https://www.archdaily.com/search/projects/country/india
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Figure 5. interior and exterior matches results 

 

2.3.9. Second Survey 

In the second phase of the study, we provided a survey to twenty-five architecture students (see 

Table 4) where they were asked to mark each view of each of the above buildings as complex or 

simple, typical or atypical, orderly or chaotic, and mysterious or clear. These characteristics were 

based on the aesthetic factors classified by Nasar (1994). The results of the survey provided us an 

overview of how many students, for example, marked the exterior view of the dance palace as a 

complex façade and how many of them marked it as a simple one. A sample of them is included 

in Table 6. This collected data helped us compare the interior and exterior views of twelve cases 

simultaneously. Consequently, the results depict that exterior views have specific characteristics 

that are significantly different from interior features.  

Table 6. the results of the second survey 

36%

64%

All correct matches All wrong matches

 Complicity/ 

simplicity  

Form uniqueness Regularity Readability 

 Complex 

form 

Simple 

form 

Typical Atypical Order Chaos mystery clarity 

Dance Palace Interior  20 5 1 24 11 14 19 6 

Exterior  23 2 3 22 13 12 12 13 

Broad 

Museum 

Interior  18 7 2 23 14 11 19 6 

Exterior  19 6 1 24 7 18 21 4 

CIB 

Architect  

Interior  0 25 15 10 24 1 5 20 

Exterior  12 13 24 1 20 5 4 21 

Zahner 

Factory 

Interior  4 21 23 2 15 10 7 18 

Exterior  22 3 6 19 6 19 16 9 

Interior  9 16 23 2 24 1 19 6 
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These outcomes are illustrated in (Figure 6), which shows that complexity, atypically, chaos, and 

mystery are the main features of exterior façades, and simplicity, typically, order, and clarity are 

mostly interior characteristics. 

 

King Fahad 

Library  

Exterior  19 6 2 23 12 13 2 23 

Dear 

Jingumae 

Interior  14 9 12 13 17 8 15 10 

Exterior  25 0 3 22 7 18 20 5 

Charles 

Street Car 

park 

Interior  4 21 23 2 24 1 7 18 

Exterior  22 3 6 19 8 17 24 1 

The Bad 

Café 

Interior  1 24 25 0 25 0 11 14 

Exterior  24 1 4 21 6 19 21 4 

Petersen 

Automotive 

Museum 

Interior  1 24 23 2 25 0 11 14 

Exterior  22 3 5 20 3 22 19 6 

Contempora

ry Office 

Space 

Interior  19 6 4 21 17 8 23 2 

Exterior  25 0 0 25 7 18 22 3 

Faculty of 

Engineering 

Interior  15 10 16 9 18 7 20 5 

Exterior  22 3 8 17 8 17 18 7 

Italy Pavilion 

2015 

Interior  25 0 1 24 3 22 24 1 

Exterior  24 1 0 25 2 23 23 2 

Figure 6. the comparison between interior and exterior features 
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2.3.10. Discussion and Conclusion 

Design processes have changed significantly since the advent of automated form-generating tools. 

This transition heralds a new age of complex, unprecedented forms easily created by parametric 

software. Although the move from hand-drawn to computerized architecture opens many 

previously-locked doors for architects, it has some drawbacks that can be easily recognized in 

buildings of the last approximate decade. In terms of formal features, incoherency can be 

considered an obvious predominant characteristic, both in the matching of exterior to interior 

designs and in the harmony of their respective descriptive qualities, as was done in the second part 

of this research. Due to overuse of parametric tools on the façade of buildings in order to produce 

spectacular forms, the connectivity and consistency of exterior to interior has been dissolved. 

According to coherence definitions, as mentioned earlier, and regardless of function or 

performance, no logical balance or harmonized relation integrating different components as a 

whole can be recognized in these buildings. This preliminary observation needs further 

investigation, as its small sample size can only lead to new hypotheses.  

Our survey, in which 25 architecture students participated, showed us that it was quite challenging 

for them to match interior views with building exteriors. Most of them mentioned that they tried 

to find clues in the photographs we provided that could help them make the correct match, such as 

colors, specific details, or even the form of exterior windows. And even though they used these 

indicators to arrive at their answers, most of the matches were incorrect. Neither the quality of the 

space, nor the interior forms were factors that students used as recognizable signs.  

In the second phase of this study, each student evaluated buildings based on the formal aesthetic 

factors classified by Nasar (1994). The results also showed that interior and exterior views of 

buildings do not have equal value in terms of complexity, form uniqueness, regularity or 

readability. This paper highlighted only one relationship in the epistemological vastness of 

coherence and incoherence in parametric architecture: interior/exterior. Indeed, the seductive 

forms that are offered by much of parametric design most often result in an incoherent aesthetic 

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 finer architectural qualities, such as the 

relationships between material and formal qualities, etc. Indeed, a promising way forward for this 

work would be to study the dialectic of aesthetic pluralism and universal interest in parametric 

style.  
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Chapter Postscripts 

The chapter begins by discussing the consequences of over-digitalization in architecture and raises 

the question of what is being lost through this process. In the first section, while acknowledging 

the undeniable benefits that digitalization has brought to various fields, we discussed the 

importance of scrutinizing and minimizing the potential detrimental effects. The focus of this 

section was to assess the consequences of over-digitalization in three areas: parametric 

architecture, architecture education, and sustainable architecture. 

The second section examined "context" consideration in parametric architecture and highlights 

how an over-reliance 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 unique identities and local 

distinctiveness. While parametric architecture is capable of incorporating tangible and objective 

parameters such as climate factors, topography, and site-specific physical characteristics, it 

struggles to encompass intangible 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 computers are the main 

agents of design. 

After purely theoretical discussion, the third sections employed case 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 façade and 

interior space, exemplifying another consequence of over-digitalization in design. 

Having thoroughly examined the losses associated with over-digitalization 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 computers for use in parametric 

architecture.  
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CHAPTER 3. Achieving Sustainability and Liveability  through Parameters 

and Data 

 

Forewords 

In the previous chapter, I 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 chapter, I sought 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 design practices, 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, including the 

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 deconstruct 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. I 

describe each component in detail 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 in a peer-reviewed journal, 

stems from my involvement as a research assistant in a project conducted in collaboration 

with NGCI (Next Generation Cities Institute) and IDEAS-BE (Integrated Design Ecology 

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 computers. 
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Nonetheless, I propose a method in the paper to quantify intangible urban parameters for 

implementation in the game. This method can also be utilized to incorporate city and 

contextual parameters into parametric design. By quantifying these intangible parameters, 

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 parameters in parametric 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 and livable 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 design with human involvement to ensure sustainability. 

In this section, I present the findings of a collaborative research paper that examines how 

citizens can be engaged with extensive quantitative and open-source data. The research 

demonstrates innovative design proposals that utilize raw quantitative data in public 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 public-space design 

projects: city data, specific sustainability concerns, and diverse strategies for utilizing the 

data. 

Section 3.1. Parametrizing the Unmeasurable 

3.1.1. Published Abstract  

Urban and architectural 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 be translated into 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 

qualities in the quantitative parametric process. 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 be quantified 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. Third, we analyzed the relation of these 
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qualities and their effects on each other in a system model. The results reveal that although urban 

qualities are complex, they are better defined and parametrized when their relations and originating 

factors are fully investigated. This research contributes to 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, 2015b). However, postmodernism, a cultural and context-

based style, criticized this over-emphasis on the quantification of qualities  (Hopkins, 2020). In 

other words, proponents of postmodernism argued that qualities could lose their rich meaning 

when assessed or attached to numbers. Assigning numbers to a neighborhoodôs qualities or its 

architectural space design, for instance, would be quite complicated (and in some cases even 

impossible). A neighborhoodðor any architectural place for that matterðis livable when it 

addresses standard qualities, but it could take on many forms and designs. Therefore, defining a 

livable neighborhood is difficult since it is constructed by the sum of the physical, social, cultural, 

and environmental characteristics experienced in places within it (Gough, 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 design crises are entrenched in the issue that place qualities 

cannot be quantified (Soulikias et al., 2021). However, computers inevitably play a significant role 

in the contemporary design process, and parametric design is expanding (P. Schumacher, 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 (AI) is rapidly expanding, and these tools aim to provide computers with human-like 

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 

quantitative languages/codes to assess qualitative 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 clarity and legibility, which are purely 

qualitative 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 

qualities since it is tailored for fragmented, repeatable, and measurable parameters (Aish & 

Woodbury, 2005; Hazbei & Cucuzzella, 2021; Karle & Kelly, 2011b; Oxman, 2017). Another 

issue is that since urban features are qualitative, it is tough for game developers to incorporate 

them into game platforms. Games related to urban design mostly focus on quantitative parameters, 

such as environmental factors like energy efficiency, (Hettinga et al., 2021), decarbonization, 

sustainability (Knol & De Vries, 2010), and urban/physical design factors (ñTropico 6,ò 2022) 

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 players could engage with these parameters, and it 

is difficult to determine the best approach to score these qualities. If we want to gamify such 

qualities, 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 them? How can we implement these qualities and these 

quantified parameters on a neighborhood game project? How could we track 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 parametrize 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 that 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 the risk of óóscientism.ôô In other words, they appear to 

imitate scientific methods, cloaking results in the objectivity 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 human-related problems, then we must base them on the careful discussion 

of the imponderables and on the measurable elements of a total situation (White Jr, 1974) (D. deB 

Beaver, 2012). Descartesô dualism between the measurable res extensa and the incommensurable 

res cogitansðone that has been utterly fundamental to western metaphysicsðmust, in the long 

run, óóbe abandoned for recognition that quantity is only one of the qualities and that all decisions, 

including the quantitative, are inherently qualitativeò (White Jr, 1974) (D. deB Beaver, 2012). 
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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, they are mostly 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 context. For the most part, the urban design literature has not 

attempted to objectively measure and quantify perceptual, phycological, and urban aesthetic 

qualities; instead, it merely asserts their importance (Ewing & 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 information, similar to how óósound bitesôô on television are 

fundamentally ambiguous, rarely to be taken at face value (D. deB Beaver, 2012). Why, then, 

would research strive to quantify qualities? To answer this question, letôs imagine that an urban 

designer would like to teach a community and raise awareness about livability and sustainability 

through a game project. How would these qualities be 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.  

ñQualityò in urban design is rife with complexities and pitfalls mainly because there has been no 

clear, accurate definition used uniformly across the literature. For example, the Cowan Dictionary 

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

of vague urban-related 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 fitness for purpose, environmental 

performance, social and economic sustainability, responsiveness to user needs and the aspirations 

of the local and national community. (Cowan & 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 instance, Lynch (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 theory, Sternberg 

(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. Urban quality discussion was a response to the 

challenges and shortcomings of modernism, which, in turn, was essentially driven by the logic of 

the buildingsô interior, leaving the exterior to the motor car (Madanipour, 2003). These urban and 
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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 factors (which have 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 

Gamification refers to the ñuse of game mechanics in non gaming contextsò (Deterding et al., 

2011) to enhance the processes enacted and the experience of those involved (Caponetto et al., 

2014). It is ñthe phenomenon of creating gameful experiencesò (Koivisto & Hamari, 2014). It 

broadly refers to technological, economic, cultural, and societal developments in which reality 

becomes more ñgamefulò and thus it can help participants gain skills, motivational benefits, 

creativity, playfulness, engagement, and overall positive growth and happiness (Hamari, 2007). 

The widespread interest that gamification is garnering lies in its potential to strengthen 

engagement, change behaviors, and support innovation (Huotari & Hamari, 2012).  

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

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

The first area, empirical gamification research, attempts to answer the blanket question ñdoes 

gamification work?ò by testing a wide diversity of gamified systems with an equally wide range 

of effect measures (Hamari et al., 2014; Seaborn & Fels, 2015). This research provides 

practitioners with knowledge that helps them understand and predict how and when a particular 

design will be effective(Deterding, 2014; Whitley Jr & Kite, 2012). The second approach, design 

methods, involves conducting systematic research on challenges, heuristics, tools, and procedures 

for designing gamification (Deterding 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 

implemented in a game platform and how it should be done. Third, the ñdeepening and extension 

of application contextsò refers to a vital aspect of gamification design in the context of application: 

not all activities and contexts lend themselves equally well to gamification (Deterding, 2014; B. 

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

In the context of urban and architectural design, most research or game projects focus on 

quantitative and measurable aspects of the city. Affordable housing, climate adaptation, area 

development, energy consumption, smart mobility, and energy transition are all examples of urgent 

urban challenges that city-based games typically focus on (E. 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, streets, lakes, bridges, property lines, parks, squares, rivers, etc., 
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are all included (Majury, 2014). Additionally, ñGames for Citiesò (www.gamesforcities.com), a 

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 to interact 

with the data and with each other (E. Tan, 2022). In smart citiesô gamification research, 

Kazhamiakin et al.  (Kazhamiakin et al., 2015)use a game to incentivize sustainable urban mobility 

(Merugu et al., 2009). illustrate an application to reduce traffic congestion. Hoh et al. (Hoh et al., 

2012) , for their part, couple gamification and crowdsourcing to involve citizens in sharing 

information about parking spaces in the city. Buningh et al.  (Buningh et al., 2014) show how they 

successfully implemented a gamified system to encourage company employees to choose 

sustainable means of commuting to work in Eindhoven, Netherlands. Table 7 summarizes the 

qualitative and quantitative parameters implemented within a list of electronic city-building games 

(CBGs). 

 

Table 7. Six city building games (CBGs) and their qualitative and quantitative urban parameters 

Source Game 

name 

 

Qualitative 

urban 

parameters 

Quantitative urban parameters Scoring method 

(Arts, n.d.)  

 

 

 

SimCity  

 

 

 

 

N/A 

Infrastructure (e.g., residential buildings, 

commercial and industrial zones, roads, 

stadiums, and airports) Basic utilities 

(e.g., electricity, water, and waste 

management) Parks and leisure facilities 

Health (e.g., number of hospitals) 

Education (e.g., number of schools) 

Safety (e.g., number of police and fire 

stations)  

Quantitative method: 

Increasing budget by 

building 

infrastructure, city 

overall development, 

and implementing 

taxes  

(Cities, 

n.d.) 

 

Cities: 

Skylines 

 

N/A 

Zoning, road placement, taxation, public 

services, public transportation, budget, 

health (number of hospitals), 

employment, traffic, and pollution levels 

Quantitative method: 

Increasing budget 

(ñCity Life 

(Video 

Game),ò 

2022) 

 

City Life 

Socioeconomic 

parameters 

Roads, buildings, finances, ordinances, 

energy, waste, and infrastructure 

Quantitative method: 

Increasing budget 

(ñCities 

XL,ò 2022) 

Cities XL Balancing social 

class of citizens 

Trading resources or building blueprints 

to satisfy the needs of city inhabitants 

Creating structures such as residential, 

commercial, and industrial buildings; 

bridges and tunnels; airports; trains, 

ferries, and subways. 

Quantitative method: 

Increasing budget 

(Knol & 

De Vries, 

2010) 

 

 

EnerCities 

 

 

N/A 

Although the game tries to raise 

awareness about energy, eco-friendliness, 

and sustainability, the parameters are 

mainly quantitative (e.g., industrial 

buildings numbers, windmills, 

commercial districts, forests, urban 

Quantitative method: 

For economy, 

environment, and 

well-being  

https://en.wikipedia.org/wiki/Zoning
https://en.wikipedia.org/wiki/Road
https://en.wikipedia.org/wiki/Public_transportation
https://en.wikipedia.org/wiki/Socioeconomic
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districts, energy buildings, and nuclear 

fusion plants).  

(ñTropico 

6,ò 2022) 

 

Tropico 6 

 

N/A 

Island development is mainly quantitive 

such as: agriculture land size, number of 

food-based resources, transportation, 

education, tourism, trade (import and 

export), factories, and housing 

Mostly quantitative: 

Increasing budget 

and developing the 

island  

 

3.1.3. Research Gap:     

As reviewed in the previous section, research on urban-related games and gamification focuses on 

quantified concepts such as Co2 emissions, mobility, energy transition, climate adaptation, traffic, 

AQI, infrastructure, and physical management of cities since inserting them into the game (through 

binary computer language) is straightforward due to their quantitative nature. In some cases, 

researchers and game developers have tried to incorporate qualitative factors (e.g., education, 

health, and safety), but their scoring method was still quantitative, which means, for example, that 

urban safety was merely relegated to the number of police and fire stations in the city. Moreover, 

education and health are broad topics that encompass a wide range of parameters; equating these 

to the number of schools and hospitals in the city is problematic. Moreover, in gamification 

research, some projects have tried to quantify qualities, but they have merely succeeded in focusing 

on some quantified aspects individually. This narrow assessment camouflages the qualitiesô 

relationships and the substantial interactions at play. Most of this research proposes measurable 

indices to assess one specific city quality (e.g., walkability), without addressing other attributes 

that might directly or indirectly affect this quality. 

3.1.4. Method:  

The methodology consisted of three main phases (Figure 7). The first 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, extracted from the first phase, into intangible and tangible parameters. In 

identifying these intangible qualities, we aim to understand which tangible qualities 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 qualities by assessing them in relation to other qualities and in 

relation to their effect on a whole system. 
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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 complexity. Sternberg  (Sternberg, 2000) explains 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 urban challenges and tries to respond to them. Hence, attaining a 

comprehensive urban guideline is nigh impossible due to the complexity of urban issues. In the 

case of this research, normative-prescriptive 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 team was 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 us to take on a 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.d.), Public Places Urban Spaces (Carmona et al., 2004), and By design 

(Regions et al., 2000) These 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 government-based 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, we chose multi-dimensional sources (Public Place Urban Space) that 

provide guidance (By design) and conceptual models (PPS). 

 

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 consensus-based process. We conducted a 

comparative study of each of the indices in these frameworks to synthesize 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 

¶ 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, 2009). 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 homes vacant in a 

neighborhood, the average distance from home to a public green space, the amount of green space 

per inhabitant, traffic volume, and noise) (Angur et al., 2004; Islam et al., 2009; Kevin, 2012). 

These criteria have been widely used because they are seen as being more rigorous (Riedel et al., 

2014). On the other hand, subjective criteria are often based on personal feelings, perceptions, and 

attitudes and are usually qualitative (Tsaur 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 the people 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 with more 

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 measure and parametrize in their larger scales. 

Accordingly, using the questions that follow, we returned to our comparative consensus-based 

analysis, and we extracted finer details for each of the broad qualities in order to clarify and 

deconstruct complex concepts into more tangible qualities: 

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

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

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

¶ Who is the target audience (e.g., pedestrians, bikers, building inhabitants, elderly people, 

women, and children) of this quality?  

¶ 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 21 intangible qualities. 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 tangible and concrete qualities, we took another step to minimize the abstraction of 
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qualities: 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 parametersða fundamental step to quantifying qualities. 

 

3.1.4.3. Third Phase: Analyzing Qualities  

This phase consists of two steps. In the first step, we assessed the relationship between urban 

qualities in the same consensus-based approach. In the second step, based on the results acquired 

from the first step, we evaluated urban 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 qualities (like what Anders Celsius did to create 

a thermometer). However, in this manner, only one quality can be assessed, and the effects of 

others cannot be considered. For example, in Celsiusô case, numbers represent mere temperatures; 

they do not provide more information 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) did 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, 

qualities perform in an integrated manner and have strong connections. They do not follow a 

hierarchical structure. This relation highlights the necessity of a third approach to consider 

qualities and their relations in a comprehensive and holistic manner. This approach was applied to 

this research to assess citiesô qualities in their complex cluster by considering their relations.  

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 seen in many cases, urban qualities are 

highly dependent upon other parameters and are interlinkedðbut how? We need to be able to first 

understand these connections in order to eventually ñparametrizeò the overall qualities. Therefore, 

we define four types of relations between qualities:  

No connection (0), indirect connection (+1), direct connection (2), and contradiction (-1). Table 8 

shows the different types of relationships between qualities and the rating assigned to each 

connection.  
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Table 8. Different connection types of qualities and their ratings 

Connection types Rating Description  

No connection 0 The two qualities do not have any effects on each other, or the connections 

between them are overly complex and dependent on other factors 

Indirect connection 1 A quality has indirect or weak effects on the other 

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 ñwalkabilityò against all other qualities as an example of how this 

correlation is adopted. In a hypothetical scenario, walkability would strongly influence the sense 

of safety, cleanliness, and air quality of a place. It would have an indirect influence on a placeôs 

ñfriendliness,ò and ñwelcomingò nature. Walkability would also indirectly impact peoplesô 

ñattachmentò to the place and their ñcelebrationò of it. However, it may have a counterproductive 

effect on ñterritory and personalization,ò as this quality, even if it aims to welcome specific 

communities, may also decrease the sense of ñplace for all,ò as it may be overly focused on a 

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

acoustics, the historical and local distinctiveness, or the greenery of places. It is important to 

mention that the qualitiesô relationship is assessed in two ways. For instance, it is clear that a 

placeôs walkability doesn't affect a place's greenery; however, a place's greenery could have a 

direct and strong effect on walkability. 

 

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

Determining the character and the role of qualities in the network of qualities was not the initial 

purpose of this article; the necessity revealed itself while we were analyzing qualities. The 

formation of an integrated network of qualities actually caused clarity on the role and the place of 

the qualities in the network. Therefore, mapping out each quality in the overall network provided 

us with a means to facilitate their parametrization and define them in a more detailed manner. 

Defining and characterizing qualities was a two-step process: In the first step, we assessed each 

qualityôs characteristics and its role in the whole system of qualities. In the second step, we 

assessed the importance of a quality and its connectivity to other qualities in the network according 

to the number of connections shared with other qualities. 
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a) Quality Characteristics  

After assessing the qualities, their connections, and the relation between qualities, we 

deduced that qualities have different characteristics and play different roles within their 

network. Some qualities mainly affect others, whereas others are more malleable and are 

affected by other qualities without having much of a wide-reaching effect themselves. In 

other words, qualities are weighted differently in the network, which allowed us to 

categorize them into three groups: 

 

A primary quality:  The ñmain instigatorò is a quality that highly affects other qualities 

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. 

 

ὓὥὭὲ ὭὲίὸὭὫὥὸέὶ ȿÁÌÌ ÁÆÆÅÃÔÉÎÇ ÒÅÌÁÔÉÏÎÓ ȿ   ȿÁÌÌ ÁÆÆÅÃÔÅÄ ÒÅÌÁÔÉÏÎÓȿ σ  

  

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. 

 

#ÏÎÓÅÑÕÅÎÔÁÉÌ ÑÕÁÌÉÔÙ ȿÁÌÌ ÁÆÆÅÃÔÅÄ ÒÅÌÁÔÉÏÎÓȿ   ȿÁÌÌ ÁÆÆÅÃÔÉÎÇ ÒÅÌÁÔÉÏÎÓȿ σ  

 

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 

mediating quality. 

 

-ÅÄÉÁÔÉÎÇ ÑÕÁÌÉÔÙ ȿÁÌÌ ÁÆÆÅÃÔÉÎÇ ÒÅÌÁÔÉÏÎÓȿ   ȿÁÌÌ ÁÆÆÅÃÔÅÄ ÒÅÌÁÔÉÏÎÓȿ ς  

 

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 quality can make to other qualities (without 

considering the type of connections). This logic helps us to categorize qualities into three levels: 

¶ If a quality has a relationship with more than 11 other qualities, then the quality is highly 

connected. 

¶ If the quality has a relationship with anywhere from 7 to 10 other qualities, then the quality 

is moderately connected.  

¶ 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 deconstructed urban qualities into eight domains: aesthetic, 

accessibility and mobility, social interaction, safety and security, recognizability  and readability  

(legibility), environmental comfort, sense of place, and functional diversity and activity richness. 

Then, to make them more comprehensible based on the question mentioned in our ñMethodò 

section, we extracted 21 intangible qualities, in order to define and clarify those eight purely 

abstract domains. The following step elaborates more on the intangible qualities, and the tangible 

parameters of these qualities will be explored. In Table 9. Urban quality domains and their tangible 

components, each subjective quality is explained according to tangible parameters. 

 

Table 9. Urban quality domains and their tangible components 

Domains   Intangibles  Tangibles  

Aesthetic  Aesthetic 

sense  

Continuity and enclosure  

Openness and defined space  

Rhythm  

Balance  

Harmony  

Diversity  

Accessibilit

y and 

mobility    

Walkability  Cultural/educational destinations   

Sit-ability/lanes and/or walking paths  

Retail destinations   

Service destinations   

Parks   

Median pedestrian routes  

Average speed limit  

Decreased highway density (Duncan et al., 

2011) 

Suitable pavement material   

Increased sidewalk size  

Connectivity 

and 

permeability  

Places that connect with each other  

Public space network and capital web  

Ease of moving through, putting people before 

traffic  

Integrating land uses and transport (Regions et al., 

2000) 

The degree to which an area has a choice 

of routes through it (Cowan, 2005) 

Less cul-de-sacs   

Connected travel exchange centers and 

stations (increase in transportation hubs)   



81 

 

Convenience 

and proximity 

(when/where/f

or whom/what 

made it) 

Access to public transportation  

Transit stops located next to destinations (Project 

for Public Spaces (PPS), n.d.)  

Parking located close to destinations and 

accessible parking (Project for Public Spaces 

(PPS), n.d.) 

Access to healthcare facilities  

Easy access to bikes   

Convenient for people with disabilities (Project 

for Public Spaces (PPS), n.d.) 

Having convenient and suitable seating 

options, either in the sun or in the shade 

(Project for Public Spaces (PPS), n.d.) 

(Carmona et al., 2004) 

Available water fountains  

Affordable public transportation  

Diversity of choices between modes of 

transportation  

Placing public spaces in a convenient 

neighborhood access radius 

Social 

interaction  

Diversity Four conditions for generating exuberant urban 

diversity:   

1) The district (and as many of its component 

parts as possible) must serve more than one 

primary activity and function  

2) Most blocks must be short 

3) The district must mingle buildings that 

vary in age and condition  

4) There must be a sufficiently dense 

concentration of people  (Cowan & 

Rogers, 2005) 

Cooperativity, 

interactivity, 

and 

friendliness   

Common areas between neighbors Considering third places and third spaces 

(e.g., cafés, gaming spaces, bars, casinos, 

building lobbies, etc.) 

Inclusivity, 

activity, and 

multiculturalit

y  

Public places for gathering such as a stomping 

ground or a neighborhood community center  

Environments for children's play 

The social use of space(Carmona et al., 

2004)  

Event-driven space  

People participating in local governance 

Safety and 

security  

Sense of 

safety  

CPTED (Crime Prevention Through 

Environmental Design) 

  

Territory and 

personalizatio

n  

Street and sidewalk separation     

Good 

maintenance 

and 

cleanliness  

  

Maintaining gathering places   

Maintaining public playgrounds  

Maintaining urban pavements (e.g., by repairing 

potholes) 

No abandoned and/or ruined buildings  

Sweeping, washing, and cleansing of graffiti and 

vandalism (Carmona et al., 2004) 

Avoiding clutter by keeping signage to a 

minimum and using existing posts or wall 

mountings (Carmona et al., 2004) 

Shoveling snow regularly and breaking ice 

on the pavement  

Pruning trees on sidewalks and bike paths 

regularly 

Absence of vandalism or graffiti  

No garbage accumulation  

No visual pollution  

No dog litter (Carmona et al., 2004) 

Recognizabi

lity and 

readability  (

legibility)   

Urban 

environment 

comprehensio

n and urban 

clarity  

Emphasizing intersections (nodes) and designing 

them properly  

Clear urban edge  

Emphasizing landmarks  

Implementing recognizable symbols 

Defined districts  

Defined paths (Lynch, 1964)  

Visibility   

Use of public art  

Other memorable qualities  

Environme

ntal 

comfort   

Thermal 

comfort   

  

Air temperature  

Humidity  

Air velocity  

Radiant temperature  

Greenery  

Air quality 

(AQI)  

  

Air circulation   

Decreased traffic  

Greenery  

Use of native materials in urban 

construction  

Visual 

comfort  

Decreased light pollution  

Enough lighting in darkness 

Minimized glare   

Greenery  

Urban 

acoustic 

comfort  

Isolating noisy spaces  Greenery  
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Sense of 

place  

Historical and 

local 

distinctiveness

  

The following criteria can summarize historical 

and local distinctiveness: Historical interest- 

Architectural interest and built form- Locally 

important buildings- Streets and open spaces, 

parks, gardens, trees-setting, and views- Areas 

and zonesô characteristics- An audit of heritage 

assets- Identifying the boundary (England, 2019) 

Inclusion of common special colors, 

forms, materials, heights, decorations, and 

urban furniture 

Attractiveness, 

charm, and 

welcoming 

Not too chaotic, nor too ordered  

Visible life  

Orientation and mystery  

Limited visual intrusion  

Increased material quality (Carmona et al., 2004) 

Efficient and uncluttered space(Regions et al., 

2000) 

Inclusion of visual attractions such as 

public arts, innovation in urban furniture 

design, and the use of urban lightings and 

special elements  

Soundscape  

Olfactory scape  

Place 

attachment  

Inhabitants feel pride due to place popularity and 

distinctiveness  

Ambiance and atmospheres of the place  

Inhabitants feel resistance to the relocation of 

street vendors  

Inhabitants feel unwilling to move to another 

place  

Citizens feel happy while working  

Inhabitants feel sentiment over changes in 

buildings and spaces  

Inhabitants feel love of the street  

Engagement from morning to evening  

Inhabitants are defensive about their territory  

Inhabitants would feel upset if relocated.  

Inhabitants are able to describe the area very well  

Inhabitants feel able to describe changes of 

the physical settings in great depth 

Inhabitants feel positive about creating a 

better image  

Community symbols 

Positive about the suitability of the place 

to sustain life and daily needs  

Economic dependencyðthe city as their 

source of income  

Satisfaction with a variety of things 

offered at a lower price  

Satisfied with the economic potential  

Suitability to personal and social 

background (Shamsuddin & Ujang, 2008) 

Celebration  Street celebrations and carnivals  

Street performances 

Street rituals  

Functionalit

y and 

activity 

richness   

Diversity 

(mixed use)  

Nature and landscape  

Mix of architectural styles  

Mixed-use developments 

Cultural quarters and public 

squares (Mulliner & Maliene, 2011) 

(Regions et al., 2000) 

Greenery 

(how/where)  

  

Connecting ecological organs together and with 

public spaces like streets  

Landscaping with water fountains, trees, 

and plants  

Use of native plants  

 

Table 9 provides detailed information about the qualities and how they can be defined in objective 

and tangible parameters. However, as mentioned in the ñMethodò section, the relation between 

these qualities is a more critical observation. Although each oneôs effect on a neighborhood is 

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 simultaneously 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. 

Therefore, 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 interactions (see Table 10). As mentioned in 

the ñMethodò section, there are four typologies: no connection (0), indirect connection (+1), direct 

connection (2), and contradiction (-1). 

 

Table 10. Twenty-one intangible  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 

permeability  

0  2  0  1  1  1  0  2  -1  0  1  0  0  0  0  0  1  0  1  1  0 

Convenience and 

proximity    

0  2  0  0  0  2  1  1  0  0  1  0  0  0  0  0  1  0  0  1  0 

Diversity  0  0  0  0  0  0  2  0  -1  0  0  0  0  0  0  0  2  0  0  0  0 

Cooperativity, 

interactivity, and 

friendliness    

0  1  0  0  0  0  2  2  -1  1  0  0  0  0  0  0  2  2  1  0  0 

Inclusivity, activity, and 

multiculturality   

0  0  0  0  2  2  0  0  -1  0  0  0  0  0  0  0  2  1  0  0  0 

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 

personalization  

0  -1  0  0  -1  -1  -1  0  0  2  2  0  0  0  0  2  0  2  0  0  0 

Good maintenance and 

cleanliness  

2  1  0  0  0  1  1  1  0  0  0  0  0  0  0  0  1  1  0  0  0 

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 

distinctiveness  

2  1  0  0  0  1  0  0  2  0  2  0  0  0  0  0  1  2  0  0  0 

Attractiveness, charm, 

and welcoming  

1  1  0  0  0  2  2  2  -1  0  0  0  0  0  0  0  0  2  0  0  0 
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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 in a network form. The network 

consists of nodes and connections in which the nodes represent the 21 qualities, while the 

corresponding domain colors and lines between the nodes represent connections, which are 

subsequently explained in Table 11.  

 

We built a network that outlines the 21 intangible qualities 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 context of other qualities, 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 qualities, and their connections are overly complicated and should 

be contextualized according to each particular situation. 

 

Table 11. Types of connections, their symbols, and descriptions 

Name of connection  Description  Sign  

Two-way direct A affects B strongly, and B affects A strongly.  
One-way direct and opposite way 

indirect effect  

A affects B strongly. B affects A indirectly or vice 

versa.   
 

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

One-way direct  A affects B directly. B has no effect on A.   
One-way indirect  A affects B indirectly. B has no effect on A.  
Two-way contradicting  A has a deteriorating effect on B, and B has the same 

effect on A. 
 

One-way contradicting A has a deteriorating effect on B, and B has no effect 

on A. 
 

 

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 

compatible-Mixed use)  

1  2  0  2  0  1  0  2  0  0  1  0  0  0  0  0  1  0  0  0  0 

Greenery  1  2  0  0  0  1  0  0  0  0  0  2  2  2  1  0  1  1  0  0  0 
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Accessibility and mobility   

Sense of place  

Safety and security  

Social interaction  

Aesthetic  

Recognizable and readable 

Environmental comfort  

Functionality and activity richness  

Domain colors and names  
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Following the steps of our proposed method, after completing the network of qualities, we assessed 

the characteristics of each quality in the network. As mentioned earlier, they have been categorized 

into three groups: primary quality (main instigator), mediating quality, and consequential quality. 

Regarding their importance and the weight of their connections, they are classified as either highly 

connected, moderately connected, or minimally connected.  

Take, for example, the greenery quality, which has been depicted in the equation below. 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 by other qualities. Also, since greenery has nine 

connections (regardless of the types of these connections), it falls into the moderately connected 

category (i.e., between 7 and 10 connections). Assessing all the qualities with these two methods 

provides us with a matrix (Table 12) that simultaneously shows quality characteristics and their 

connectivity. 

 

ὋὶὩὩὲὩὶώ  ȿρ ς ρ ς ς ς ρ ρ ρȿ  ȿπȿ ρσ  

 

Table 12. Qualities' relationships and their level of influence 
 Main Instigator   Mediating Quality  Consequential Quality 

Minimally -connected 

Qualities 

 Thermal comfort  

Air quality  

Visual comfort  

Urban acoustic comfort  

 

Moderately-connected 

Qualities 

 

Connectivity and 

permeability  

Convenience and proximity  

Good maintenance and 

cleanliness  

Greenery  

Celebrations 

Aesthetic sense  

Diversity  

Urban environment 

Comparison and urban 

clarity  

Highly -connected Qualities Historical and local 

distinctiveness  

Diversity, mixed use  

 

Territory and 

personalization  

Place attachment  

Cooperativity, interactivity, 

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 these qualities into measurable and 

Figure 8. Twenty-one Urban qualities and their connections 
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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 domains discovered in this research 

could be the main scoring criteria. The game player can change urban physical and non-physical 

parameters and see the changes in the eight domain's scores. For example, by considering the 

"sense of safety" parameter, the player could improve the safety score by increasing the 

"walkability" of the area, its ñinclusivity, activity, and multiculturality," and its "place attachment." 

Consequently, improving these qualities requires changing some physical parameters listed under 

the objective sections. In the case of "walkability,ò reducing road width, improving pavement 

materials, adding more sidewalks, etc., are all possible objective and physical interventions. 

Besides these objective parameters, the player could also improve "walkability" by 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 assessed in Table 10. 

The relation network developed in this research can serve as a base for game-scoring logic. Also, 

the games designed based on this logic would 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 system 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 would suggest using a qualitative 

scoring system (e.g., a color spectrum grid or emojis), to display progress and changes in urban 

design. Further research can develop creative qualitative ways to visualize these parameters in 

order to decrease the complexity of urban 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 acknowledge that reducing qualities 

to quantities (or assigning numbers to qualities) leads to the degradation of what makes said 

qualities unique, but it is presently the only way to adopt a common language between computers 

and humans. Second, breaking down and categorizing qualities has a hypothetical nature, and the 

researchers concentrated on selecting qualities that could be comprehensively analyzed and 

delineated through objective parameters. However, 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 investigation could delve deeper into each 

quality, considering its connection to the other qualities identified in this study, and propose 

quantitative 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 this type of complex 

data. In some cases, determining whether the influence was both positive and negative proved 

challenging. As a result, for this initial effort, we selected 0 as the central point. However, it is 

clear that this approach will require further refinement and reconsideration in future research 

endeavours. Finally, even intangible parameters 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 

specific contexts and individual interpretations. 

3.1.7. Conclusion 

We proposed a method to deconstruct, quantify, and parameterize purely qualitative urban 

qualities so that they could be incorporated into a computer game platform. The literature review 

indicates that most gamification research or game project developers have difficulty incorporating 

qualitative data into the computerôs binary language. In order to aid with the implementation of 

complex urban qualities into a game platform, we broke them down into eight main domains using 

an expert elicitation consensus method. We used three generic urban standard quality 

classifications PPS, Public Places Urban Spaces, and By design to build our theoretical framework. 

As explained earlier, the main reason for selecting these three benchmarks is that each one attempts 

to deconstruct the ñqualitiesò concept differently in different aspects and scales. They do, however, 

have a lot of commonalities and intersections. Our proposed framework integrated these three 

approaches to make a comprehensive list of qualities that could be parameterized. Next, we defined 

each domain in greater detail according to intangible qualities, making them smaller and more 

comprehensible. We described these intangible 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 is not sufficient since quality is intricate and has complex relations; relationships 

need to be investigated to achieve a realistic understanding of 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 network graph, which we consider 
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to be the main outcome of this paper. This approach can help better understand urban qualities 

relations and interaction. Finally, the relation of these qualities provided us with a new metric that 

revealed the qualitiesô role in the whole network. We classified them into one of three quality 

types: primary quality (main instigator), mediating quality, and consequential quality. Also, we 

categorized qualities as either highly connected, moderately connected, or minimally connected. 

This categorization could provide 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 

quantify neighborhood qualities in parametric urban design. Further research could take a step 

forward to explore possible ways of grading and implementing these parameters into game 

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 spaces, as places 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 design projects: city-data, 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 city-data visible. We analyze the proposals presented by 

the young designers to understand their approaches to design, data and education. We study how 

they 'educate' and ódialogueô with the community about sustainable issues. Specifically, the 

research attempts to answer the following questions: (1) How can we use data in the design of 

public spaces as a means for sustainability knowledge exchange in the city? (2) How can 

community-based design contribute to innovative data collection and dissemination for advancing 

sustainability in the city? (3) What are 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 

research is needed to better understand the short- and long-term out-comes 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 the present. In turn, 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 these shifts possible. 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 community(Lacy, 1995; Picon, 2015; Zebracki, 2012). At 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 evaluation(Cucuzzella et al., 2021). But 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 visualization of data in 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 how they can 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 data collected 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 pedagogical 

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 aware-ness or soliciting action. We extend our 

analysis to understand how the different pro-jects relate to the United Nations Sustainable 

Development Goals (UN SDGs). Specifically, the research attempts to answer the following 

questions:  

¶ How can we use data in the design of public spaces as a means for sustainability knowledge 

exchange in the city?  

¶ How can community-based design contribute to innovative data collection and dis-

semination for advancing sustainability in the city?  

¶ 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 processðin terms of data, 

design outcome and objective, mode of delivery, and sustainable 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 projects. While previous publications 

have studied each of these elements independently, no previous research has at-tempted to explore 

their synergistic outcome within a design-based research approach, deciphering the tensions that 

guide projects' design process or their 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, embedded in the aspiration of 

eco-awareness, driven by a radical approach that questioned the emerging conspicuous 

consumption phenomena and the poor state of the urban condition (Barr et al., 1965; Kallipoliti, 

2018; Packard, 1958). During this time, some architects and designers even lived in their structures 

to express their connection with nature (Kallipoliti, 2018). The didactic efforts of the 1960s seem 

to be founded on a vastly different set of motivations from those of modern green design(McHarg 

& History, 1969, 1969). Today, green design seems to be aiming for the recognizability of eco-

features, as a means to engage with the community and to demonstrate eco-responsibility. 

The ability to communicate eco-responsibility is seen as a growing phenomenon (Lee 2011, 

Cucuzzella and Goubran 2020). A rise in the occurrence of discernible eco-features in the design 

of the cityðits buildings and public spacesðhas occurred in the past few decades, which may 

contribute to this (Douglass 2008, Ainsworth 2011, Jain, Taylor, and Peschiera 2012, McMahon, 

Monson, and Weinstein 2012, Davis and Turpin 2015, De Aragão and De Sousa 2015, Cucuzzella 

2019). In this emerging phenomenon, projects are not only designed to be eco-efficient, they are 

also designed to appear eco-efficient (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 museum. These practices may also have the 

capacity to contribute to emergent critical discourses (Annie Gérin et al. 2010). Increasingly, 

public art and design has sought to espouse messages of environmental degradation (Davis and 

Turpin 2015). The basic premise of this type of public art and design, which aims to synthesise 

concerns of sustainability, is to enable collective awareness (Ainsworth 2011). As early as 1995, 

Suzanne Lacy described this new genre of public art as work that has the capacity to contribute to 

the ñcommon goodò when inserted in the public sphere (Lacy 1995), to a point of becoming a 

political act (Zebracki 2015).  
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This phenomenon has been more recently referred to as an eco-didactic approach (Cucuzzella, 

Chupin, and Hammond 2020). According to these authors, eco-didacticism in the public realm can 

be characterized by spaces that are designed to deliver an eco-message through expressive, 

informative, and educative means. One characteristic of eco-didacticism is the desire to inform 

visitors of a projectôs green qualities by encouraging them to think about its physical and 

connotative features. Cucuzzella et al. (2020) refer to this as a cognitive experience. This implies 

that some of the eco-features must be made visibly obvious to visitors to deliver clear and 

uncontestable information through formal qualities. This requires a communication approach for 

disseminating the desired message based on collective consensus. It is possible to identify 

characteristics that are not only eco-features attesting to resource performance, but also explicitly 

seeking to exhibit these 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: data collected 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 designðwhere 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 means. For example, it has been used 

as a feedback mechanism for responsive environments to better manage urban operations and 

resources (Geels 2010). Furthermore, the collection, sharing, analysis, and availability of data have 

been recognized as a critical means for tracking and, in turn, achieving sustainable development 

(Gusmão Caiado et al. 2018). This practice highlights that data, while being a managerial 

necessity, allows for novel connections with citizens (Campbell 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 development (Mosannenzadeh et al., 2017), for improving 

monitoring and for building knowledge (Citizenship and Commission 2016), and for 

democratizing growth, ensuring equal access and encouraging participatory action (UNRISD 

2016, Schelings and Elsen 2019). Communicating 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 example (Casado-Mansilla et al. 

2018, Lee, Ryu, and Kim 2018, Benavente-Peces 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 goals (Picon 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 experiences spontaneouslyðwhere 

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 al. (2017) propose that smart and intelligent cities are encapsulated by the 

sustainable city visionðwhere the social, economic, environmental, and cultural dimensions are 

in balance. Cucuzzella & Goubran (2019) 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 within 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 appropriate to 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, and relevant(Palermo, 2014). Figure 9 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 can be achieved through "the 

intrinsic links between cultural diversity and biodiversity, through its influence on consumption 

patterns, and through its contribution to sustainable environmental management practices as a 

result of local and traditional knowledge" (UNESCO 2013). It is important to note that the 

intersecting boundaries of Figure 9 by Cucuzzella and Goubran (2019) are figurative in their 

definition, considering the complex reality of urban projects described by Dovey & Ristic (2014). 

Even projects that adopt a predominantly smart-city 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 on the designers' 

implicit intentions.  
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Figure 9. 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 Nations Sustainable Development Goals (SDGs) 

The UNôs 2030 Agenda, approved in late 2015, marked an important shift in the global sustainable 

development effort (United Nations 2012, WysokiŒska, 2017)). Structured around 17 

transformative goals, the SDGs and their list of clear targets are expansive and comprehensive 

(Jayasooria, 2016). Unlike previous sustainable development agendas, the SDGs are accompanied 

by a global call to action, while also offering a stable definition for sustainable development that 

designers can seek in their workðsomething essential in the context of infrastructure, design, and 

construction (United 2016, Allen, Allen et al., 2018; Pedersen, 2018, Goubran and Cucuzzella 

2019b). 

Today, the SDGs are becoming an essential tool for guiding public and private sustainability 

efforts. This is also the case in space design and architecture, as seen by the SDG architecture 

guides published recently ((KADK), Architects, and Goals 2020). Within 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 SDGs targets (United 

Nations 2017). In their review of ICT's role in the 2030 Agenda, Tjoa & Tjoa (2016) propose that, 

while expanded technological 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 finance), and predicting and controlling disasters. Recent research, such as the work 

of Kostoska & Kocarev (2019), is already highlighting ways ICTs can better align with the goals 

of the agendaðfor example, by adopting holistic approaches aiming to integrate knowledge from 

the governance, sustainability, and data sciences.  

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 development goals. Researchers 

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 

development (Maes et al., 2019). However, 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 cover (Zinkernagel 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 & Cucuzzella (Goubran & Cucuzzella, 2019b) 

have suggested this process has to happen in the early design stagesðto ensure that the SDGs are 

embedded in the designersô and their projectôs intentions (Boutinet, 2005; H. G. Nelson & 

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 communicate 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) the mode of delivery of the message it seeks 

to convey, and (4) the sustainable development impact (SD Impact). Table 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 sustainability for design projects in the 

city 

I. Environmental 

We refer to the environmental project as one that addresses ecological issues or one that increases 

public or individual awareness of ecological sustainability on a city scale. These projects aim to 

reduce environmental impacts by reducing resource consumption or toxic emissions in the 

environment (J. Nelson & Grayson, 2017). The design approaches adopted are often based on 

solving problems and limit their scope to areas of known environmental risk (Princen, 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 and actions  (UNESCO 2020). Its four 

main goals are: establishing a certified Environmental Management System, reducing carbon 

emissions, eliminating single-use plastics, and protecting biodiversity and promoting urban 

agriculture. Design projects that can be categorized as environmental aim to contribute to the 

ecosystem's wellbeing. 

II.  Social 

Barron and Gauntlett (2002) describe social sustainability as a system or structure that actively 

supports future generations' capacity to create healthy and livable communities. Socially 

sustainable communities are equitable, diverse, connected, and democratic. They provide a good 

quality of life. Besides this,  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 acknowledged values of discipline, honesty, and 

laws, etc., (Awais et al., 2019). According to  Polèse et al. (2000), policies necessary for social 

sustainability require a more equitable fiscal situation, the integration of all communities within 

the city into a cohesive whole, and the provision of 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 vernacular connections and support communities to achieve a dynamic society.  

 

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

Theories in economic sustainability focus on the efficient usage and fair distribution of goods 

(Awais et al., 2019). Thus, economic sustainability ca(Grodach & Loukaitou-Sideris, 2007)n 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 approach here is to 

strengthen or even enable entrepreneurial opportunities, directly affecting economic growth  

(Grodach and Loukaitou Sideris 2007a). Another example can include offering individuals 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 

consumption 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 communitiesô 

economic aspects.  

 

IV.  Cultural 

Grodach & Loukaitou-Sideris (2007) define sustainably cultural projects as those that 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 Global Report on Culture for Sustainable Cities, 

Culture: Urban Future, highlights that  

ñCulture and development have long had a reciprocal and interdependent relationship, 

although this has only gained momentum at the international level over the past 30 years. The 

evolution of holistic approaches is intrinsically linked with global debates, in particular those 

around the concept of sustainability."(Unesco, 2016, p.18). 

Furthermore, urban design projects in the city can specifically aim to sensitize the community 

about aspects of sustainability issues. This phenomenon is increasing, as we see more art and 

design projects that aim to place eco-messages directly in the public realm(Cucuzzella 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. Data exchange 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 information (Gardner et al., 2019a). In sustainability science and citizen data, this 

tension is usually named the data pull and push process (Tarkhan, 2020). In many cases, the 

collection and dissemination have to happen in parallel or with a balance, where the applications 

usually involve "stakeholders needing to have access to real-time 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 populations"(Panchariya et al., 2015a). What is essential is 

that the collection (pull) or dissemination (push) of data might depend extensively on the context 

and development-problem area of focus(Asi & 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 functionðoscillating between the 

collection or dissemination of data and information. 

 

3.2.7.3. Design impetus 

I. New-artefact versus Product-augmentation  

The definition of a new product or artifact can be considered a hierarchical combination of 

elementary subsystems where each of these subsystems are dedicated to consumers' satisfaction 

and expectation(Gotteland & Haon, 2005). As Lancaster (1966) first suggested, a product may be 

conceptualized as a basket of attributes (physical and symbolic) that seek to satisfy consumers' 

needs. Innovation may classify the idea as '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 mechanisms. Linking 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 innovations. A modular innovation changes the subsystems without changing 

how they are linked. An architectural innovation imposes a change in the links that unite the 

subsystems. As such, we can think of design as proposing new-artifacts 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 technical, social and cultural 

problematic) (Cucuzzella, 2016). The main difference between a product and system approach is 



100 

 

that the system-focused design pays attention to the relationships that the new artifact has with the 

other elements in its context and how these other interconnected elements are influenced by this 

new design(Archer, 1965; Baxter, 1995; Csapo, 2005). If a product is focused on questions of 

affordances(Fisher, 2004), efficiency (Lye et al., 2001), or even aesthetics (Dovey and Ristic 

2015), then the product is embedding itself within a system. In this case, it is addressing these 

qualities while aiming to understand the dynamics of the new artifact within the larger context in 

which it lives (Madge, 1997; W. Ulrich, 2000). Therefore, a ñsystem focusò would entail a 

comprehension and articulation of the dynamics, influences, or impacts of the new artifact with its 

environment. Whereas a ñproduct focusò does not consider its wider influences or impacts, and 

remains purely technical. 

 

3.2.7.4. Mode of Message Delivery  

I. Physical versus Virtual approach 

Increasingly, societies and humans interact within the digital world(Angelidou, 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 connected city(Campbell, 

2013). On the other hand, a physical artefact in this research project is defined as one that is 

embedded in the public realm(Ainsworth & Wales, 2011), where the general public can experience 

it through their physical senses. An example of a physical artwork in the public realm is Ice-Watch, 

an artwork exhibited at COP21 in Paris, a 2015 United Nations Conference on Climate Change. 

This famous public space artwork is by artists by Olafur Eliasson and Minik Rosing. It is an 

intervention in the very physical city, as spectators often are photographed touching the melting 

blocks of ice standing idly in the public realm. However, thousands of people were touched by this 

piece without ever visiting the actual site in Paris. They discovered the artefact through its 

accompanying website, as well as through the media that poured out after each installation. So, 

even if Ice-Watch is a very physical installation, its virtual presence and press can help it touch 

communities world-wide (Van Dijk, 1993). This public space installation is therefore adopting 

both a physical and virtual approach. 

 

II.  Consensus vs. Dissensus 

Communicating eco-messages can happen in a multitude of ways. If we consider Habermasôs 

theory of communicative action, we see that the most substantial arguments encapsulate elements 

of objectivity, subjectivity, and normativity (Habermas, 1985). Specifically, the communication 

approach of the intended message of an eco-didactic work can span from one that is universally 
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accepted (using the conceptual model of consensus) to one more subtle, or even subversive (using 

the conceptual model of dissensus) (Mouffe, 2000; Moufffe, 2007). When communicative actions 

are conveyed, not through words, but physical or virtual artifacts, then the three dimensions of the 

communicative action must be considered a little differently. For example, the readability of the 

message and who is ñallowedò to read it produces an additional political dimension for the work 

(Rancière, 2009). 

An example that would illustrate the difference between consensus and dissensus as a method for 

the mode of message delivery is the work byWolf Vostell. His work, which depicts a car made out 

of concrete placed in the public realm, critiques the ubiquitous use of the automobile. This is an 

example of how public art can deliver a message that is already well understood 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 degradation on 

individuals rather than corporations. Humans feel the brunt of the responsibility for the planetôs 

degradation, yet corporations are the main culprit (Taylor & Watts, 2019). Taylor and Watts state 

that ñ20 fossil fuel companies whose relentless exploitation of the worldôs oil, gas and coal reserves 

can be directly linked to more than one-third of all greenhouse gas emissions in the modern eraò 

(Taylor & Watts, 2019, p.1). Given that the increasing impacts of human activity on the 

environment on all scales have outpaced the systems and processes of the natural environment, 

humans are equally increasingly striving to find innovative ways to address this imbalance (Steffen 

et al., 2007). As innovations in new materials, new technologies, and omnipresent data are 

increasingly seen as the foundation of the cityôs future, there arises an associated distancing from 

the primary causes of our planetary condition(T. Jackson & Senker, 2011). Discourses 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 societies in the 

quest for a more sustainable planet? This tension considers where the primary benefits of the 

message being delivered are most focused: the planet or the people. 

II.  Raising Awareness versus Soliciting Action  

The public realm is the space of collective experiences (Amin, 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 if these works aim for social transformation, however, this may 
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require deep shifts in societal structures(Hawkins et al., 2015). Some of these works enable 

emotional experiences (Davis and Turpin 2015), while others aim to visualize scientific data to 

action through principles of knowledge exchange for environmental issues (Cvitanovic et al., 

2016). 

Consider Ice-Watch again, the melting blocks of ice are quite clear in their eco-message, and the 

workôs aim to raise awareness is quite evident. The installation is created through science, since 

each of the 12 chunks of ice are equivalent to the global amount 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 solicitation 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 eco-message is extremely clear, the action to be taken to improve the 

situation is not (Weintraub, 2012, Zebracki 2015).  

III.  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 realm (Mouffe, 1992; Thomas, 2013) . In 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 interaction (Bianchini & Verhagen, 

2016; Blevis & Stolterman, 2009).  

The goal in all these types of works in the public realm is to exchange knowledge or disseminate 

messages (Borgdorff, 2010; Nilsson, 2009). Returning once more to Ice-Watch, the work intends 

touch an entire community. It sparks an emotional 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 environment (Borrup & McNulty, 2006; 

Brynjolson, 2012; Ferilli et al., 2017). An example of a work that activates the individual directly 

is the Washed Ashore eco-art 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 waste, is used by 

Ms. Pozzi to create the series of artworks exhibited along the shore.1 Her work touches and 

enlightens the community at large, but it also focuses on the individual by mobilizing them to take 

action. This highlights the tension between community or individual focused design. 

 

 
1 https://washedashore.org/ 
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Table 13. Summary of the tensions defining using data in design sustainability in the public realm. 

Categories  Tension Reference 

SUSTAINABILITY 

DOMAIN OF 

CONCERN 

Tension between the 

social, economic, 

cultural, and 

environmental 

domains of 

sustainability.  

Environmental (World Business Council for Sustainable 

Development (WBCSD) 2000, Princen 

2003, UNESCO 2020) 

Social (Polèse and Stren 2000, Awais et al. 2019) 

Economic (Grodach and Loukaitou Sideris 2007b, 

Awais et al. 2019)  

Cultural  (Bokovo 2016, Cucuzzella, Chupin, and 

Hammond 2020) 

DATA  Tension between collecting data from the 

community and disseminating data 

through design to the community. 

(Asi & Williams, 2018b; Benavente-Peces, 

2019; Casado-Mansilla et al., 2018, 2020; 

Corporate Citizenship & Business & 

Sustainable Development Commission, 

2016; de Andrade Guerra et al., 2020b; 

Gardner et al., 2019b; Geels, 2010; Gusmão 

Caiado et al., 2018; Kiiti & Hennink, 

2017b; Lee et al., 2018; Mosannenzadeh et 

al., 2017; Panchariya et al., 2015b; 

Schelings & Elsen, 2019; Tjoa & Tjoa, 

2016b; United Nations, 2015; UNRISD, 

2016) 

DESIGN  Tension between designing an entirely 

new artifact and designing only an add-on. 

(Gotteland and Haon 2005) 

Tension between product- and system-

based design. 

(Archer 1965, Levy 1991, Madge 1997, 

Baxter 2000, Ulrich 2000, Lye, Lee, and 

Khoo 2001, Fisher 2004, Csapo 2005, 

Dovey and Ristic 2015) 

MODE OF 

DELIVERY OF 

MESSAGE 

Tension between a physical or virtual type 

of solution. 

(Van Dijk 1993) 

Tension between activating widely 

accepted knowledge and encouraging 

provocative debate.  

(Habermas 1984, Mouffe 2000, 2007, 

Rancière 2011[2000]) 

SUSTAINABLE 

DEVELOPMENT 

IMPACT  

Tension between raising awareness and 

soliciting action.  

(Weintraub 2012, Zebracki 2015) 

Tension between community and 

individual-focused design. 

(Borrup 2006, Brynjolson 2012, Ferillia et 

al. 2017) 

Tension between project benefits to 

people (and their socio-economic system) 

and benefits to planet (general ecological 

(Steffen, Crutzen, and McNeill 2007) 

(Jackson 2009) (Albrecht 2005) (Taylor and 

Watts 2019) 
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benefits- flora and fauna, non-human 

benefits).  

 

3.2.8. Methodology 

3.2.8.1. Approaching City Projects and the Analysis 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 & Evans (2007), this would be considered internal expertise. Thus, the researchers 

analyzing these tensions would also need to understand the outcomes of the design process and 

designersô intents. The experts who can analyze these projects should have a contributory ability 

to the topicðe.g., they should be designers focused on studying and creating similar urban 

projects. As such, the analysis becomes in itself a type of reflection-in-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 critiques (Chupin, 2011; P. Collins, 1971).  

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, and unlike real-life projects or built case studies, 

the pedagogical projectsô outcomes would all respond to the same requirement and would not be 

limited by real-life constraints (such as economic or bureaucratic). Additionally, the diversity in 

student backgrounds 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 of design-focused projects. 

We adopted an expert elicitation process, to involve the teaching team as internal experts who are 

directly engaged in developing the design projects. Some critiques of this method have been voiced 

by scholars in public policy development (Hemming et al., 2018; Morgan, 2005). However, this 

methodology has gained much ground in studying sustainability and sustainable development 

issues in the last few years. Recently, it has been used to understand and evaluate the SDGs and 

their links to various sector-driven activities (Allen 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 design exercise organized for 

a first-year public-space sustainable design studio, titled ñContributing to sustainability through 
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the smart cityò. This exercise was designed to encapsulate the principles embedded within the 

theory of eco-didacticism in the public realm. Furthermore, the main objective of this exercise was 

the democratization of the open data collected and available by the cityðdata which most often 

remain hidden from the majority of the urban population. These first-year students were required 

to imagine how these data can be used in the design of an urban installation, while making the 

invisibility of the data visible to the public. 

In this exercise, the term ñsmart communityò was defined as civil societyôs contribution to the 

cityôs intelligence. This embraces the broader definition of smart cities as suggested by Picon 

(2015). Students were required to explore how open data can be used in urban design projects such 

that they can contribute to heightening awareness about sustainability in the community. The 

design questions that framed the projects were as follows: 

1. How can we include civic engagement in the way smart and sustainable communities are 

developed? 

2. What data are needed to enable 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 accessible to the students, these 

data were not activated in design by the city. In other words, the data were invisible to the 

community, even if the datasets were housed on the open data portal in the form of datasets. Some 

of the datasets were mapped (i.e., using graphical methods to represent specific datasets) on the 

cityôs website; however, the city wanted to explore how these data could be utilized more 

creatively to inform citizens and solicit positive behavior from communities. Some of the design 

proposals by the city representatives included the following: 

¶ Large-scale public data mapping and visualization; 

¶ Processing and using public data in artifacts that communicate concrete and easy-toread 

¶ messages; 

¶ Promoting and valuing contributions from citizens in creating data and information 

¶ about the city; 

¶ Considering how data are governed when added by citizens to the cityôs open 

¶ data portal; 

¶ Helping to recognize the truthfulness and authenticity of a citizenôs contribution to 

¶ data creation; 
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¶ Harnessing the potential of digital technology to promote civic engagement and 

¶ improve democratic practices (e.g., Civic Tech group). 

Students could choose from three alternatives regarding how they would incorporate data into their 

design project: 

1. Using existing and already collected data from the city: Students were expected to imagine 

how these data could be designed into the public realm to help communities better 

understand their relevance and help them become more aware of sustainability issues. 

Here, the students focused on disseminating these data through their designs and on 

ñteachingò communities about some sustainability issue, using either dynamic or static 

interactive methods. 

2. Exploring how new data can be collected: The students were expected to find ways to 

gather new datasets not currently available in the city database. In other words, they 

designed a mechanism to obtain new data on a regular and sustainable basis. 

3. Combining both mentioned strategies: The students were expected to utilize existing data 

while complementing them with new data or simultaneously collecting and disseminating 

the data through their design. Thus, their task was to find how the city could collect new 

data in engaging ways while also seeking new mechanisms and platforms to communicate 

that same data. 

Table 14 presents the ten projects that were used in this study. We have included in this table 

the title, the submitted  poster, and some other details that would enable a comprehensive 

understanding of each project submitted. In the following section, we describe the analysis 

process and outcome. 

Table 14. . A summary of the design outcomes, including projects title, submitted panel, overarching objective and message. 

Project title Illustration  Problematic Overarching 

Objective 

What is the message 

or imperative? 
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The Power in 

the 

Reversibility 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 brightness 

of the current sky, 

which further raises 

their awareness of the 

city's light pollution. 

AQI Accessible 

 

Air quality 

information. 

Monitoring 

and displaying 

air quality. 

Not only educating the 

public, but also 

providing them a  role 

in gathering data. 
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Trouble With  

Takeout 

 

Growing 

incidence of 

single use 

plastics and 

Styrofoam 

containers. 

Developing an 

app. 

Informing consumers 

on which restaurants 

and cafés near them 

have environmentally 

friendly packaging. 

Car Commute 

Awareness 

 

Increasing 

number of cars 

on roads. 

Making an 

installation. 

Billboards and lights 

receive and announce 

data such as number 

of vehicles passing the 

bridge. Project 

attempts to decrease 

air toxicities and 

traffic. 
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Under 

Artificial Skies  

 

Light pollution 

and energy 

waste in 

Montreal. 

Making an 

installation. 

 Quantifying the 

amount of energy 

wasted overnight due 

to light pollution to 

raise awareness. 

The Smart Bus 

Stop 

Don't wait, 

learn instead! 

 

Amount of 

carbon 

emissions from 

individual 

cars. 

Making an 

installation. 

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 

Coffee Habits 

 

Waste generated 

by the 

consumption of 

single-use coffee 

cups. 

Making an 

installation. 

Raising awareness 

among the 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 

public 

transportation. 

Developing an 

app. 

Increasing efficiency 

of public 

transportation in 

Montreal. 

Illuminated 

Neighborhood 

 

Energy 

consumption. 

Making 

installations. 

Constructing 

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 

Montreal-north 

grocery stores 

low-incomes 

among residents 

. 

Developing an 

app. 

 Acting as a grocery 

store map and cost-

comparison app and 

allowing busy 

residents to purchase 

nutrient-rich 

vegetables from 

growers at 

greenhouses nearby. 

 

3.2.8.3. Analysis Framework 

We designed the analysis framework around questions that address the categories presented in 

Table 14: (1) How does the project relate to the topics of the SDGs? (2) What is the projectôs 

sustainability area of concern(s)? (3) How does the project situate within the eight tensions 

identifiedðacross the data-exchange direction, the design impetus, the mode of message delivery, 

and the SD impact? The overview of the analysis framework is presented in Figure 10. 
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. 

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 teaching and research assistants involved in 

the first-year 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. 

Figure 11 presents the overall process of the structured expert elicitation process.  

 

 

Figure 11. Expert elicitation process. This diagram is based on Reference (Hemming et al., 2018) 

As part of their project proposals, the students were asked to select the set of SDGs that that they 

understood could capture their projectôs objectives. Their choices were based on the course content 

related to the SDGs (which included a presentation, group discussion and class activity). Thus, in 

this research, the students completed the first step in the framework proposed in Figure 10. 

Following this primary student input, the expert panel completed the remaining analysis using the 

structured expert elicitation method proposed in Hemming et al (2018). The results reported are 

considered a manifestation of the reviewerôs consensus regarding each of the projects, with their 

justifications presented in the comments. Overall, the experts arrived at consensus and justified the 

120 analysis points.  

Figure 10. The analytical framework for assessing the design project 
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3.2.9. Results 

3.2.9.1. Overview of results 

In terms of the SDGs, the students mostly selected SDG 11 (sustainable cities and communities) 

as their key area of focusðwith all 10 projects linked to it. This was 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, ecological, or climate change-related issues. This is 

not surprising, since 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 collected. Finally, SDG 12 (sustainable consumption and production) also received 

significant focus, with 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 projects selected SDG 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 Montreal (such as SDG 6 and 14), other SDGs that were ignored 

might point to gaps in dataôs guiding design towards primarily infrastructural and resource-focused 

sustainability challenges (based on the SDG categories proposed by (Lucas et al., 2016; Waage et 

al., 2015). These findings are illustrated in Figure 12. 
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Figure 12Φ ¢ƘŜ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ ό{5Dǎύ ƳŜƴǘƛƻƴŜŘ ƛƴ ǎǘǳŘŜƴǘǎΩ ǇǊƻƧŜŎǘǎΦ ό¢ƻǇύ ¢ƘŜ {5Dǎ ƳŜƴǘƛƻƴŜŘ ƛƴ ŜŀŎƘ 

 

The analysis outcomes showed that most 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 improvements, many incorporated 

different types of interactive processes such that they could perhaps enable changes in cultural or 

social norms. On the other hand, some projects primarily focused on the cultural or social 

dimensions, which may have ecological consequences. Figure 13 presents the results of the 

analysis of the distribution of the four sustainability pillars (environmental, economic, social, and 

cultural) for each of the design projects (top), as well as the distribution for the combined (of all 

projects submitted). The units on the top graph of Figure 13 indicate zero bars (not addressed), one 

bar (minimally addressed), and two bars (highly addressed). 
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Figure 13. The results of the analysis of the distribution of the four sustainability pillars (environmental, economic, social, and 

cultural) for each of the design projects (Top), as well as the distribution for the combined (of all projects submitted) (Bottom). 

The analysis results for the 8 different tensions (within the 5 categories delineated above) are 

presented in Figure 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 artefacts, which do not necessarily aim for long-term 

or systemic changes. This might suggest that designing an object from scratch is an easier task 

than augmenting an available product, which entails analysing existing flaws and proposing a more 

suitable alternative. 
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Figure 14. Cumulative analysis for all projects of the 8 tensions within each of the four categories (data, design, mode, and 

sustainable development (SD) impact). 

Looking at mode of message delivery, there was a higher focus on physical approaches for designs 

compared to virtual solutions. Although 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 also addressed 

widely recognized challenges instead of controversial issues that have potential disagreements 

behind them. This was clear from the selection of the SDGs by the studentsðmostly avoidant of 

contested topics such as poverty, gender issues, racial tensions, socio-economic 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 individual, and an overwhelming focus on addressing 

human-related 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 unable 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 planet-related goals have received less attention from students 

(Figure 14).  
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3.2.9.2. Intersecting the findings and discussion of outcomes 

Looking at the assessed parameters and co-occurrences2, 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 manner that 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 a 

broader mix between awareness and action. It is not surprising that the environmental pillar and 

the mode of consensus for conveying the eco-message were the most heavily adopted strategies 

across the design projects. These are the low-hanging fruit for design projects that aim to raise 

awareness. 

We also see that projects that aimed at disseminating data depended more on dissensus as method 

and tended to have more physical solutions to their design. 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 

diff icult to propose a design project that adopts a mode of communication based on dissensus (or 

disagreement) to disseminate a message. This requires a profound understanding of the social 

issues embedded within the community such that the designer can address 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 attempting to address 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 to improve 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 

deeper level 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 issues around which 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 realization that corporations 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 knowledge exchange in unconventional ways. When our 10 project ideas 

were presented at the final class exhibition, there was much excitement among city representatives. 

The cityôs interest in these types of public space designs indicates to some degree that there is a 

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 comprises a promising future 

research focus.  

However, as crucial as these practices may appear for furthering 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 predicament.  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 and long 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 the types of 

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, as confirmed in the second chapter, it 

was concluded that sustainable design practices must consider social-cultural aspects that are not 

easily measurable or parametrized. Therefore, this chapter explored the main reasons hindering 

the incorporation of these qualitative parameters into the design process and to propose ways to 

facilitate their inclusion in parametric design processes. Two main reasons for excluding 

qualitative 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, some latent social-cultural parameters 

remain hidden and often overlooked by researchers' eyes. Secondly, an overwhelming amount of 

quantitative and open data, including crowd-sourced and mass data, inundates designers. While 

open-source city data provides a wealth of 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 to incorporate 

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 tangible and objective 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 complex relationships, which can only be revealed through system model 

analysis. 

From a quantitative perspective, as mentioned earlier, using mass data such as city open-source 

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 or concrete applications for organizing it in 

the design process. To address this issue, this chapter classified these parameters into domains and 

design-related parameters to facilitate their incorporation into the design process. Despite the 

complexity of integrating 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 (SDGs) to design approaches. 

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 results from Chapter 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 the complexity 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 engineering as well. Traditionally, 

precedent buildings possessed simple architectural forms that were compatible with our basic 

energy and optimization tools. Nevertheless, with the advent of digitalization and the 

advancements in parametricism, designers now have the ability to conceive alluring forms that 

were unimaginable just three decades ago. These new tools empower architects to employ modular 

and prefabricated forms, incorporating intricate patterns and louver shapes. The simplicity of 

coding and adjusting these forms allows for their repetitive use, resulting in aesthetically pleasing 

facades. However, while these repeated patterns and louvers create visually complex facades, their 

optimization in terms of energy efficiency, visual and thermal comfort is not easily achievable 

with our limited and rudimentary tools. Therefore, 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 utilizing NSGA-

II  

Louvers, as modular and easily codable forms, have gained popularity in the field of 

parametric architecture. Defining 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 rules. While it is straightforward to 

model and apply louvers on building facades using parametric architecture, optimizing 

them for visual comfort and energy efficiency presents challenges. Louvers possess 

numerous parameters, including material, length, size, shape, thickness, and distance to 

windows, and more importantly louver angels. 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 time-consuming, taking at least 4 minutes with current computer processors. 

Therefore, evaluating all design parameters would take approximately 80 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 optimizing the 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. This section results highlight that despite their cities similar 

climates, each Canadian city requires specific louver design considerations based on its 

unique 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 limited parameters 

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 alternative space with up to 1.e+6 

cases. This vast search space necessitates a robust and efficient method to decrease 

computational costs. Merely applying the evolutionary algorithm, as discussed in the 

previous chapter, is not sufficient to guarantee reliable results due to the large search space 

and time-consuming fitness function. Compelled by the need to reduce computational 

costs, we must decrease the size of the generation and population. Therefore, in this section, 

we enhance the method from the previous section by integrating an approximation model, 

k-means, and local search. This workflow enables us to shrink the search space by applying 

an approximation model and then fine-tuning NSGA-II based on the results obtained from 

the approximation model. Subsequently, we apply NSGA-II on the accurate model and 

fitness function and utilize 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 costs. Furthermore, patterns are culturally contextual 

forms as they carry symbolic meanings. In the last and concluding chapter, I will discuss 

how these optimized and parametrizable forms, such as louvers and patterns, can serve as 

contextual elements and contribute to the cultural relevance of building.  
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Section 4.1. Louver configuration comparison in three Canadian cities utilizing 

NSGA-II  

4.1.1. Published Abstract 

Shading devices, particularly louvers, if chosen and designed correctly, reduce excessive 

uncontrolled solar gains and daylight 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 unanswered. This paper aims to 

show that even in geographical areas with similar climate conditions, different louver designs are 

required.To this end, louver designs in three Canadian cities with almost similar climates are 

investigated. Objective functions are defined as minimizing energy use intensity and maximizing 

daylight use. Through a sensitivity analysis, louver parameters have been examined to determine 

which ones have a significant or insignificant effect on energy performance and visual comfort. 

Based on the results obtained from the sensitivity analysis, the proper range of each parameter was 

determined, and a metaheuristic algorithm was applied to reduce time and cost of optimization. 

Two algorithms (SPEA-2 and NSGA-II) are compared to understand which performs better in this 

problem.  The results show that NSGA-II performs slightly better, and, using louvers in all case 

study cities positively affects visual comfort and energy performance. Second, louver depth and 

count are the most critical parameters in all three cities, and other parameters have a different effect 

based on the city latitude. The research contribution is to propose a workflow to integrate 

parametric design, sensitivity analysis, and NSGA-II to optimize louver design with various 

parameters and 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 the world (A. M. 

Omer, 2008).  Lighting, heating, and cooling are the principal source of energy consumption in 

the building sector (A. 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 lighting in an office 

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 demand. (Gago et al., 2015). In 

Canada, offices and other institutional buildings use about 30% of the commercial sector's energy, 

and lighting represents a significant energy-user in these buildings (NRCan, 2009). Natural light 

use can reduce total energy use by as much as 25ï 30% (Gago et al., 2015). However, excessive 

daylight levels usually mean high solar heat gains (SHG), which directly increase cooling loads 

and thus energy demand (Zain-Ahmed et al., 2002). SHGs are related to solar radiation transmitted 
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through glazing areas, which increases indoor air temperature and thus the cooling loads  (Dong 

et al., 2020), (Bellia et al., 2014), (Hosseini et al., 2019), (M. C. Singh & Garg, 2010). Exceeding 

solar radiation is not only limited to heat gain, but also results in visual discomforts such as glare 

and unwanted reflections (Zomorodian & Tahsildoost, 2019a), (Pauley, 2004). J. OôConnor stated 

(OôConnor, 1997) that pleasant, comfortable daylit spaces increase occupantsô satisfaction and 

productivity (Edwards & Torcellini, 2002) and 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 efficiency (Gago 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,  downsize air-conditioning systems (Alrubaih et al., 2013)    ,

especially in buildings with mainly glazed facades. (Kirimtat et al., 2016). Well designed 

daylighting systems perform well enough in terms of solar protection (Ye et al., 2016), daylighting 

harvesting (Konstantoglou & Tsangrassoulis, 2016), and interior heat gain control (Nielsen 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 radiation (Kirimtat 

et al., 2016). Hence,  selecting a proper louver type and configuration to respond to energy 

efficiency and visual comfort is a crucial task for designers (Datta, 2001).  

 

Shading devicesô positions can be categorized as internal and external  (Bellia et al., 2014). For 

example, interior shading devices could be Venetian blinds or roller shades, which are mainly used 

in commercial and even residential buildings (Kirimtat et al., 2016).  On the other hand, external 

shading devices in buildings are classified into overhangs, louvers, light shelves, Venetian blinds 

and roller shades (Gago et al., 2015), (Bellia et al., 2014; Kirimtat et al., 2016; L. Shi & Chew, 

2012). Y.-C. Chan et al. (Chan & Tzempelikos, 2013) show 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 

the deep buildingsô interior(Gago et al., 2015; L. Shi & Chew, 2012), (Eltaweel & Yuehong, 2017). 

Datta (Datta, 2001) in 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 Buildings (IEA SHC, 2000), external louvers 

performance depends on climate conditions and latitude. This dependency raises the importance 

of considering local needs and context in designing louvers (Kirimtat et al., 2016). These localized 

louvers are expected to allow proper daylight levels on the work plane, improve light uniformity, 
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control direct sunlight, and reduce the occupants' glare and visual discomfort (Yamín Garretón et 

al., 2021). However, many louver manufacturers apply standards on an international scale, such as 

EN 14501 and EN 14500, to determine comfort-related parameters (Yamín Garretón 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 performance (Villalba 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: 

¶ Some countries do not have any guidelines to assist designers and architects in designing 

shading devices. They merely provide interior visual and thermal requirements without 

defining precise approaches to reach these goals. 

¶ 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 façade (DiLaura et al., 2011) without 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 window-to-wall ratio (WWR) or the fenestration-and-

door-to-wall ratio (FDWR) for different regions (Parsaee et al., 2020) without addressing 

shading devices application. Based on the Koppen classification (Mazzeo 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 55, and Montreal (Dfa) and latitude 

45 are chosen. (See Table 15. Climate definitions based on Koppen's classifications)  

Table 15. Climate definitions based on Koppen's classifications 

1st  2nd  3rd  Descriptions  

C   temperature of warmest month greater than or equal to 10 °C, and temperature 

of coldest month less than 18 °C but greater than ï3 °C 

D   temperature of warmest month greater than or equal to 10 °C, and temperature 

of coldest month ï3 °C or lower 

 f  precipitation more evenly distributed throughout year 
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  b temperature of each of four warmest months 10 °C or above but warmest month 

less than 22 °C 

  a temperature of warmest month 22 °C or above 

 

The paper addresses the following objectives: 

¶ Assessing how different cities within a country requires different louver designs.  

Improving the impact of louver in energy and daylight performances by optimizing them 

based on climate and latitude.  

¶ Proposing design alternatives for three Canadian cities that can be incorporated in the 

provincial building codes to assist designers and architects in applying static louvers in 

building facades.  

¶ Investigating the effect of louver parameters on daylight performance and energy 

consumption by sensitivity analysis. 

To simplify the research process, some parameters are neglected: 

¶ The effects of airflow through louvers when the windows are open, and airflow between 

louvers and the external building wall are not considered in this research.  

¶ Heat gains received from installing louvers on façade and their effects on energy efficiency 

of buildings are not considered.  

¶ The reflection and glare problem that adding louver creates 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 the problems 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 city latitudes and their effects on louver design. These analyses are 

summarized in Table 15. And finally, we overview methods and algorithms applied in research   

conducted on shading devices in a ten year time frame (2013-2022). 

4.1.3.1. Louver types and their characteristics  

Louvers can be either fixed or moveable (Bellia 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 spaces (Al -

Masrani et al., 2018; OôBrien et al., 2013). These devices control intensive daylight, decrease glare, 

enhance visual comfort and reduce peak cooling load (Al -Masrani 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., 2018). Moveable shading devices can be classified into two categories: manual 

and automatical (Hammad & Abu-Hijleh, 2010; Olbina & Hu, 2012). Manually operated shading 

systems are frequently deployed to a ñworst-case scenarioò position and remain in that for a long 

period, resulting in over-optimistic energy savings predictions and failing performance. Although 

automated shading devices can be adjusted for any configuration (Konstantoglou & 

Tsangrassoulis, 2016), recent research on them confirms some major drawback (Al -Masrani & Al-

Obaidi, 2019; Grobman et al., 2017; Hammad & Abu-Hijleh, 2010; Koo et al., 2010; Kunwar et 

al., 2020; Nielsen et al., 2011; Olbina & Hu, 2012; E. Shen et al., 2014),  such 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 associated with automated louvers and justification of using 

fixed louvers   

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 consideration (Nielsen et al., 2011). Automated 

adjustable louvers are costly due to their  control and kinetic systems and are maintenance intensive 

(Grobman et al., 2017). F. Hammad and B. Abu-Hijleh (Hammad & Abu-Hijleh, 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 worth the extra 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 directionality (Jain & Garg, 2018). 

In such scenarios, inaccurate prediction of visual comfort parameters is likely (Jain & 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 adapt in different scenarios (Konstantoglou & 

Tsangrassoulis, 2016). This 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 evaluation did not agree 

well with the simulation results (Katsifaraki 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, 2016). In 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 users (Meerbeek 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 systems (Michael & 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 positions (Konis & 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. Louvers Variables 

Louvers are made up of numerous horizontal, vertical or sloping slats with complex features and 

several parameters, such as angle, shape, size, configuration, and color of slats  (Tzempelikos, 

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 façade.  

I. Louver angle 

Research on the louver parameters has shown that the louver angle seems to be the most effective 

parameter in louver design. Datta (Datta, 2001) assesses the effects of fixed louvers on thermal 

comfort and analyzes louvers in the following four angles of -30, -45, -60 and -90 degree tilt. A 

positive angle means the louver is in a shading position facing downward, and daylight is 

transmitted through reflections between louvers. A negative louver angle refers to an upward 

facing louver, and the interior space benefits from direct sunlight. (See Figure 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 selected. Further research (Wagdy & 

Fathy, 2015) parametrically assesses solar screens on daylight and glare with louver angles from -

20 to +20 .degree   However, this small range does not allow to assess the full range of angle effects.  

Sjarifudin and Justina (Sjarifudin & Justina, 2014) confirm that to achieve visual comfort, louver 

angles need to be adjustable in the range of -15 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 façade 

is in the range of -15 to -45 degree (Choi et al., 2014; Toutou et al., 2018a). As mentioned earlier, 

latitude is an important factor for adjusting louver angles. Palmero-Marrero and Oliveira (Palmero-

Marrero & Oliveira, 2010) investigate louvers on energy consumption in five cities in the northern 

hemisphere. They consider the louver tilt in the south façade 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.  Louver number, depth, and size 

In a parametric way, Fathy and Wagdy (Wagdy & Fathy, 2015) assess 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 depths.  (See Figure 16) Given 

all parameters, the result shows that increasing the louver count doesnôt significantly affect the 

level of sunlight in interior space, which doesnôt look like a reliable conclusion considering louver 

depth plays a key role in controlling penetrated light. 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. González and Fiorito (González & 

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 around depths 0.2, and the 

louver count is 14, which significantly mitigates glare and enhances building energy efficiency. 

Also, A. Eltaweel and Y. Su (Eltaweel & Su, 2017b) confirm the importance of balancing the 

louver count and louver depth, improving visual comfort, and decreasing the chance of glare  . 

III.  Louver materials 

Mangkuto et al. (Mangkuto et al., 2019) assess the role of louver material and tilt in optimizing 

daylight in the interior space. They assign different reflectance  ,specularity 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 research in this field. The study reveals that the louver tilt is a more significant 

factor than the louver material, and its material can be neglected through the optimization process.  

Hoffman (Hoffmann et al., 2016) assess 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 prototypical internal 

load-dominated office building. The research reveals that if we assume regular artificial lighting, 

different louver material doesnôt affect energy consumption. However, if daylight control is 

applied the role of material properties will significantly affect energy consumption. Y. Ye et al. 

conducted experimental and simulation-based 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 canopies (Ye et al., 2016). 

IV.  Louver distances from the wall 
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Louver distances from the wall have been researched in different studies.  For instance, Manzan 

(Manzan, 2014) assesses 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 façade. Other research in this domain chose a lower range for these 

parameters. For instance, Choi et al. (Choi et al., 2014) consider the range of 0 to 0.1 m and 

Eltaweel et al. (Jiang et al., 2020) assess 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 façade decreases louver shadowing on the façade 

surface. 

V. City latitude and louver design     

Along with louver configurations, city latitude is a critical parameter in louver design. It is vital to 

use the proper shading device in the correct place and time period in terms of daylight availability 

and thermal and visual comfort.  Datta (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 four. Palmero-Marrero & 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 lower than 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 regarding energy needs 

(Palmero-Marrero & Oliveira, 2010). Manzan (2014) compares energy consumption, including 

cooling, heating and lighting in two different cities Rome and 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 visually, compare how the same buildingôs design would change with 

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 appropriately. Table 16 shows recent paper. 

Table 16. Summary of recent studied on louver parameters 

Reference Louver Variables Goals Daylight Metric  
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(Climate type, Location) 

Count 

Geometry 

Angle 

Distance from window 

Material 

Position Louvers type Movement type 

Daylight Energy 
Complex 

Planar 
Vertical Horizontal Interior Exterior Vertical Horizontal Static Dynamic 

Length Depth Thickness 

(Fang & Cho, 2019a) 

Am, Cfa, Dfa 

Miami, Atlanta, 

Chicago 

  ǒ ǒ       ǒ  ǒ ǒ  ǒ ǒ UDI 

(Eltaweel & Su, 

2017b)Cfa 

Sydney 
ǒ  ǒ ǒ  ǒ     ǒ  ǒ ǒ   ǒ 

DA 
UDI 

(Manzan, 2014) 

Cfb, Csa 

Trieste, Rome 

   ǒ  ǒ ǒ ǒ   ǒ  ǒ ǒ  ǒ ǒ UDI 

(Palmero-Marrero & 

Oliveira, 2010)BWh 

New Cairo 
ǒ     ǒ  ǒ  ǒ ǒ  ǒ  ǒ ǒ  - 

(Mangkuto et al., 

2019)Af 

Bandung 

     ǒ   ǒ ǒ  ǒ ǒ  ǒ ǒ  
sDa 
ASE 
DGP 

(Tzempelikos, 2008) 

BWh 

Cairo Desert 

ǒ  ǒ ǒ  ǒ   ǒ  ǒ  ǒ ǒ  ǒ  
sDa 
ASE 
DGP 

(H. Li et al., 2018)Csa 

Izmir 
  ǒ ǒ  ǒ  ǒ   ǒ  ǒ ǒ  ǒ ǒ UDI 

(Choi et al., 2014) 

Cwb, BWh, Csa 

Mexico, Cairo, Lisbon 
ǒ ǒ    ǒ ǒ    ǒ  ǒ ǒ   ǒ - 

(Hoffmann et al., 2016) 

Csb, Csa 

Oakland, Burbank 

ǒ ǒ  ǒ ǒ ǒ   ǒ  ǒ  ǒ ǒ  ǒ ǒ 
Lux 

DGP, DGI 

(Sjarifudin & Justina, 

2014) BWh 

6th of October 
ǒ  ǒ ǒ  ǒ     ǒ  ǒ ǒ  ǒ ǒ sDA 

 

 

VI.   Reviewing methods on shading devices research  

In this section, we assess papers in shading devices domain by three criteria: 1- valuing shading 

device parameters, 2- algorithm selection, and 3- how the algorithm is applied. 

 

¶ Valuing shading device parameters 

Ideally, modelers should conduct sensitivity analysis before the optimization processes to 

discover the value of each parameter and its appropriate range (H. Li et 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. Also, they (Lakhdari 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 example  Vera et al. (2016) assign 16, 13, and 9 values for louver count, angle, 
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and perforation, respectively. However, González & Fiorito (2015b) assign 10, 20, and 30 

values for louver count, angle, and depth. In these cases, one research gives more value to the 

angle rather than the louver count and the other one vice versa. Moreover, in González and 

Fiorito's study (2015b), the angle parameter is changed by one degree (0 to -20). This small 

change seems to have a minimal impact on the optimization process. 

 

¶ Choosing an appropriate algorithm  

Based on Wortmann's classification (2019), black box methods can be categorized into three 

main parts: direct research, model-based, and metaheuristic. Following are some popular 

algorithms in each part. Direct research: Hook-Jeeves, and Nelder-Mead Simplex 

algorithms(Kheiri, 2018b; Wortmann, 2019). Model-based: RSM  ̪Kriging  ̪RBFs  ̪Neural 

Network (Bre et al., 2020; Han & Zhang, 2012; Kheiri, 2018b; Manzan & Clarich, 2017; 

Wortmann, 2019) and Metaheuristic: Ant Colony P̪article Swarm H̪armony Search (Ekici 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., 2014). Among 22 papers analyzing shading devices in a ten-year time frame 

(2013-2022), metaheuristics, particularly GA, was the most used algorithm. More precisely, 

eight research conducted NSGA-II (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), five studies used SPEA-2 (Fan et al., 2022; H. 

J. Kim et al., 2019; Lakhdari et al., 2021; Mangkuto et al., 2019; Toutou et al., 2018b), two 

research used GA algorithm (Galapagos)   (González & Fiorito, 2015a; Lavin & Fiorito, 2017) 

one research used JcGA-DE (Kirimtat, Krejcar, Ekici, & Fatih Tasgetiren, 2019) and one study 

employed Harmony Search (Khoroshiltseva et al., 2016). After 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., 2020), one research used FAST (Manzan & 

Clarich, 2017), and another study used the fuzzy control method with FIS algorithm  

(Katsifaraki et al., 2017). Two researchers conducted hybrid algorithms: Vera et al. (2016) 

used PSO-HJ, a hybrid metaheuristic, and direct research method. Xu et al. (2021) conducted 

two steps multi optimization based on the meta-model in which they connected, first, ANN 

with NSGA-II and second, ANN with MOPSO.  

Some research in shading device domains compares algorithms. For instance, to optimize 

facade configuration and overhang, (Xu et al., 2021a) compare two metaheuristic algorithms, 

NSGA-II and MOPSO. The results from the comparison reveal that NSGA-II performs 

significantly better than MOPSO. Manzan & Clarich (2017) compare a metaheuristic method 

(NSGA-II) with a meta-model 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 NSGA-II results compared to FAST. The authors havenôt 

applied Hyper Volume (HV) index to analyze two Pareto fronts and compare them. Some 

multi-objective research in this domain uses a single-objective optimizer, such as (González & 

Fiorito, 2015a) and (Lavin & Fiorito, 2017). In  Lavin and Fiorito's (2017) case, the authors 

run a three-objective 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 point in multi-objective 

optimization is to run it simultaneously on all objectives to reach trade-off solutions. For 

instance, F. De Luca et al. (2022) conducted four-objective optimization and converted it to 

two-objective optimization to simplify the problem. In this new two-objective problem, two 

objectives need to be minimized, and the other two should be maximized to reach the trade off 

solutions. 

 

¶ 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 objectives (fitness 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 high accuracy   

(Ekici et al., 2021a). Table 17 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 space (T. 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., (2018b) 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 70 % south WWR and two louvers in the top 

and middle of windows, with 0.1m depth and an angle of -45. According to other research in 

this field (Palmero-Marrero & Oliveira, 2010; Wagdy & Fathy, 2015)  this 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. 

 

Table 17. summarizes shading devices' research methods and how they set up their algorithms. 

Reference 
Object of 

optimization 

No of 

objectives 

Algorithm 

name 

No of 

parameters 
Population Generation 

Total 

number of 

simulations 

Sensitivity 

(Manzan, 2014) Louvers 1 NSGA-II  4 16 100 1600 No 

(González & 

Fiorito, 2015a) 
Louvers 2 

GA 

(Galapagos) 
3 10 10 100 No 

(Vera et al., 

2016) 

Complex 

Fenestration 

System 

(CFS) 

2 MOPSO 3 10 10 100 No 

(Khoroshiltseva 

et al., 2016) 

Shading 

device 
4 

Harmony 

search 
12 30 50 1500 No 

(Katsifaraki et 

al., 2017) 

Venetian 

blinds 
2 Fuzzy logic - - - - No 

(Manzan & 

Clarich, 2017) 
Louvers 2 NSGA-II  3 16 100 1600 No 

(Lavin & 

Fiorito, 2017) 

Perforated 

screen 
3 

GA 

(Galapagos) 
4 10 10 100 No 

(Toutou et al., 

2018a) 

Shading 

device 
2 SPEA-2 6 50 6 300 No 

(Sghiouri et al., 

2018) 

Shading 

device 
1 NSGA-II  4 150 8 1200 No 

(Mangkuto et 

al., 2019) 
Blinds 3 SPEA-2 3 NA NA NA Yes 

(Kirimtat, 

Krejcar, Ekici, 

& Fatih 
Tasgetiren, 

2019) 

Amorphous 

louver 
2 NSGA-II  25 100 50 5000 No 

(Yi, 2019b) 
Shading 

device 
3 NSGA-II  4 40 100 4000 No 

(Naderi et al., 

2019) 
Blinds 3 NSGA-II  5 40 80 3200 No 

(H. J. Kim et 

al., 2019) 

Shading 

device 
3 SPEA-2 4 NA NA NA No 

(J. Zhao & Du, 
2020a) 

Shading 
device 

4 NSGA-II  5 25 50 1250 No 

(Luo et al., 

2020) 
Blinds 2 RBFMOpt 5 - - - No 

(Lakhdari et al., 

2021) 

Shading 

device 
3 SPEA-2 6 NA NA NA No 

(Xu et al., 

2021a) 
Overhang 3 

NSGA-

II/MOPSO 
11 44 100 4400 Yes 

(Y. Wang et al., 

2022a) 

(External + 

perforated) 

shading 

5 & 8 NSGA-II  3 & 4 50 15 750 No 

(De Luca et al., 

2022) 

Shading 

devices 
4 RBFMOpt 13 - - - Yes 

(Fan et al., 

2022) 

Shading 

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 some gaps in the knowledge as follow: 

¶ As we review different louvers parameters, it could be concluded that none 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. 

¶ There is a lack of knowledge about louver design configuration in different climates. Most 

of the research comparing different louver designs selected completely different climate 

zones and countries for comparison; however, as mentioned in the literature review, even 

within one country, louvers may require specifically design based on the city latitude. This 

importance of contextual louver design leads to the accuracy and efficiency of countriesô 

building codes. 

 

4.1.5. Methodology 

4.1.5.1. Research process 

The building performance optimization process and the required software are illustrated in Figure 

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 us to define 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 non-parametric variables such as building rotation, room dimension, 

glazing area, and parametric factors, including information on louver configurations. Second, 

developing daylight and energy model for simulation performances by incorporating the cityôs 

weather conditions. The third step is the multi-objective optimization, in which we applied NSGA-

II to optimize objectives defined as minimizing EUI and maximizing UDI. 
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Figure 15. 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 reference office (Reinhart et al., 

2013a) is applied to this research. This office represents a south-facing side-lit room with 80 

percent WWR and is not obstructed by neighboring buildings. Its interior room dimensions are 3.6 

m * 8.2 m * 2.8 m.  Louvers are applied in front of windows in the south facade whose factors can 




















































































































