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Let us not lose sight of the fact that it was humans’ intelligence and
ingenuity that provided us with possibilities of further envisioning new
opportunities with Al and technological manifestations.

Nouw, rather than competing with this creative trend, it is incumbent
upon us to explore and nurture expertise in areas that complement
automated processes through our creative and critical thinking abilities,
toward furthering buman dignity, elevating social empathy, and
benefiting the sustenance and well-being of Planet Earth.

This comprebensive book of Smart Design Thinking is dedicated to all
who are immersed in various fields of architecture, design, planning,
engineering, sciences, and technology, deploying their expertise,
dedicating their knowledge, and striving with sincere intentionality to
save our endangered planet-- currently in a deep state of uncertainty...
Mitra Kanaani
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PREFACE

The Background of the Idea, Objectives,
and the Conceptual Framework of
the Publication — Meanings and Various
Domains of Smart Design Thinking

Mitra Kanaani

In architecture and urbanism, the concept of utopia has often resembled a strong aspiration
and yearning for an ideally perfect world pursued by visionary designers toward creating
opportunities for progress and advancement in the design discipline. The design discipline
has always been focused on the future of the world not only toward improving the quality
of life and advancement in the development of the built environment, but also in addressing
social and political reforms and dogmas. The resulting development of new types of spatial
entities and urban settings with higher expectations for performative use has become the
propellers for inevitable dynamic shifts in the lives of the users, and unprecedented trans-
formation in the lifestyle of people in the communities. They have also driven innovations,
advancements, and empowerment for aspiring governmental authorities around the globe.

Through the lens of utopian thinking, visionary ideas in architecture and urbanism look
to possible futures that transcend the existing disillusionment currently engulfing our world.
Utopian concepts have opened the door for designers to soar to new imaginative horizons.
The world of architecture and the built-environment is encountering experimental attempts
in design and construction of various types of self-sustained performative habitats as part of
the trend toward smart city design concepts. Various visionary architects and urban design-
ers, around the globe, in pursuit of experimenting ecological utopia or eco-utopian design
concepts are contributing to the advancement of smart design concepts and its various
means of application. In essence, the trend is rapidly accelerating toward a smart transition
in design thinking that requires a new frame of mind and demands novel ways of living.
More than ever, users of our built environment must learn to live smarter, cleaner, healthier,
and more efficiently, if we intend our next generation to thrive, and if we intend them to
inherit and benefit from a better quality of life on the planet in the near future and beyond.

The History of an Evolutionary Trend in Architecture

The 1850s second Industrial Revolution and the discovery of the approach to mass produc-
tion of steel with different grades of carbon and the consequential discovery of ferrocon-
crete paved the path to the advent of high-rises in the twentieth century, and the current
trend toward transformation to skyscrapers as the symbol of progress and advancement
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Preface

in various parts of the world. This evolutionary trend has charted bewildering complexity
to our interconnected world, accompanying an unprecedented and fast-paced trajectory
toward industrial and technological discoveries that have inevitably brought about their
cultural transformations, and unique needs, as well as innovative technological opportu-
nities. Nowadays, these needs are applied not only to tall buildings but also to various
large-scope multifunctional types of occupancies including multifaceted institutional and
governmental agencies, airports and specialized laboratories, and multiuse residential and
commercial habitats constituting cities within the cities.

Design sophistication has brought the demand for the integration of various computer
software, Internet of Things (IoT) devices, and artificial intelligence (AI) toward the develop-
ment of intelligent/smart buildings. Intelligent buildings based on the demands of various
typologies or building types pursue specific levels of control and automation measures that
can be unique to every building type of use and occupancy. These needs relate but are not
limited to design decisions related to climate control factors (including, temperature, humid-
ity, and air circulation), as well as the needs for various innovative levels of light intensity,
communication, safety, and security systems, and stability variables, which are constantly
emerging and on the rise. In general, intelligent designs are about smart architectural designs
with the crucial hybrid theme of how smart technology and AI will affect both our physical
world and the way humans construct the symbolic world and how they see their place in their
social and “natural” worlds, not just as the users but contributors to those environments.

Today’s concept of smart buildings goes hand in hand with eco-friendly and human-
centered green architecture, epitomizing intelligent ecological design thinking and perform-
ativity, which includes comprehensive responses to an urgent global need for environmental
conservation and energy efficiency, promoting innovative technologies toward creating effi-
cient and sustainable architectural constructs.

Smart building design, along with various development devices and the usage of sensors,
has promoted advancement in the realm of innovative and new synthetic and nanotechnol-
ogy of materials with amazing qualities and properties.

Efficient smart buildings are not just about added IoT and sensors, and demand inte-
gration of smart forms and design concepts. To use them efficiently, they demand a new
culture of form-making and knowledge and understanding of efficient use and their proper
operation.

What Is the Smart Definition as a Design Thinking Concept?

In our current evolutionary status of the world, smart and smartness, in architecture and
design, have become buzzwords, signifying innovation in technological transformations.
They have even become marketing tools. However, smart concepts for the design of the
built environment have a noble mission. They must be considered as design thinking tools
for the development of safer, healthier, environmentally efficient, equitable, and friendly
spaces, transcending beyond showcasing the advancement of technology. As a rapidly
expanding concept, “smartness” has the potential to enhance many aspects of daily life by
demanding increased convenience and safety while dealing with the inevitable challenges
of adapting to sophisticated intelligent systems. However, smart design is not just about
automation, the IoT, Al, or robotics. As smart design expands and penetrates deeper into
humanization, the psychology, and behavioral and social impacts of smart services, the act
of design thinking can become more meaningful, effective, and adaptive for users. By the
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Preface

same token, these characteristics can also render designs that are irrelevant, non-workable,
and ineffective for the users.

In this publication, six selected paradigmatic smart design categories have created the
framework for its comprehensive content. The six defined paradigmatic categories offer
various facets of smart strategies that inform the design of the built environments, user
experiences, and the quality of life with a keen eye on sustainability and resiliency of the
planet and its inhabitants. This study not only analyzes human health, experience, inno-
vation, and creativity in design production but also investigates alternative solutions for
negative psychological effects and mitigating generational trends toward alienation and
isolation in our fast-expanding urban environments.

Smart Design Thinking is about designs that focus on equity, respect for diversity, tol-
erance, safety, and freedom of choice, as well as dignified human life for all citizens and
users. It promotes beauty, innovation, and a healthy sense of physical, mental, emotional,
and social well-being at all levels of living. Smart Design Thinking is an approach and
an attitude rather than just the usage of technological tools. It needs to be adopted and
introduced cohesively by all experts in various fields of design, technology, and scientific
fields toward a fully integrative design methodology, at the onset of the development of the
design concepts.

Smart design allows the human experience to reach its highest potential by promot-
ing the inherent sensual and perceptual effects and tangibilities of the built environments.
It allows for tangible opportunities to merge measurable and immeasurable attributes of
design and promotes a sense of belonging that reduces alienation between inhabitants and
the spaces they occupy.

In essence, Smart Design Thinking as a methodology of design thinking is about pro-
moting convenience, safety, and well-being, through healthful and resilient urbanizations,
spatial entities, and contextual settings that contribute to the sustainability of the Planet as
a Haven for its inbabitants. By utilizing smart concepts and approaches in design thinking
and form-making, and integrating innovative technologies, as tools, it is possible to support
healthy generations and sustainable living environments.

This publication incorporates studies and manifestos on integrated inter-transdisciplinary
smart design research that impacts our daily lives. Organized around paradigmatic' realms,
the chapters investigate the impacts of smart design — some of them still at their infancy
level. Papers and manifestos revolve around topics that promote human intelligence and
creative achievement, sophistication in spatial constructs and innovative materiality, cog-
nitive control, and physical well-being for healthy urbanizations and remedial actions to
address major ramifications of climatic transformations and global warming. Authored
by aspiring inquisitive contributors including architects, planners, designers, scientists,
researchers, and engineers, various sections and articles investigate multitudes of notions of
“smart design,” as visionary processes, products, and design manifestos.

This book is organized around the following six Paradigmatic Categories:'

Paradigmatic Category 1: Various Domains of Smartness, Theoretical
Discourses, and Approaches

This Paradigmatic Category initiates the discourse, alluding to the fact that the concept of
smart design thinking in architectural design is not new. It underscores the contradictory
implications of the application of smart design concepts in emerging habitats, cityscapes,
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Preface

and the global economy. The chapters in this paradigmatic grouping portray a critical
outlook on the psychological, physical, social, and cultural impacts of digital technologies
and Al on society and users’ lifestyles, health, and well-being.

The chapters in this grouping offer the discourses, manifestos, and theories that analyze
the impact of smart design thinking on current evolutionary issues: equity, diversity, inclu-
sivity, social reforms, performativity, and safety. This paradigm expands and promotes
architectural and utopian visions and theories that reinforce ideals promoting the devel-
opment of future smart built environments, from mega-scope masterplans to individual
intelligent constructs that are safe, uplifting, flourishing equitable, and healthful, as well as
ecologically-friendly.

Paradigmatic Category 2: Smart Design Methodologies and Concepts for
Intelligent Typologies and User Needs

This Paradigmatic Category expands on design innovations based on users’ needs and archi-
tectural types, as well as specific smart methodologies, means, and approaches that constitute
design intelligibility and are specific to architectural types and users. This section expands
on smart design concepts, their applications for the built environment, and their impacts on
the design of spaces and infrastructure. This paradigmatic realm focuses on smart specificity
needs for architectural designs based on unique characteristics and qualities of contextual
settings, as well as spatial performative typological requirements and users’ restrictive condi-
tions. The contextual setting can be in space, under bodies of water, or within a fully enclosed
environment, in which the specificity of the user’s needs in conjunction with certain physical
or cognitive shortcomings, as well as physical restrictive qualities, can create specific design
performativity demands. For instance, design for the blind or design for cognitive disorders
necessitates certain functionalities that demand designed spaces must be charged with the
capacity to address specific performative aspects of their use through smart design thinking
concepts and means, for example, in design for learning and design for healing.

Paradigmatic Category 3: Smart Materiality

This Paradigmatic Category focuses on the role of fast-evolving smart materials and their
impact on the process of form-making and the creation of design concepts that are free
from material constraints and their advancements. Smart responsive materials undertake
considerable responsibility for environmentally sensitive progressive architecture and pro-
moting the ideals of realistic sustainable and energy-efficient built environments. By using
information derived from quantum physics, nanotechnology, biology, chemistry, and Al,
the chapters in this section offer progressive advancements that are currently taking place
in the development of smart materials and tectonics of the built constructs. The fast-paced
progressive role of imaging technology in developing various scales of super-hard super-
light synthetic materials with superhuman properties is indeed a major contributor to the
creation of smart spaces for the design of various typologies.

Paradigmatic Category 4: Smart Design for a Changing Climate

This Paradigmatic Category focuses on smart design solutions in defiance of Climate Change,
and resiliency for regions with extreme hot, cold, or arid climates. It considers bodies of
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water as contextual settings for developing living environments. It also investigates the
consequences of major climatic changes, such as fires, and flooding, and new approaches
in bridging architecture with agriculture through urban farming, net zero, and clean energy
production through artificial and natural aquatic systems, and avoidance of usage of fossil
fuels to prevent environmental toxic and harmful pollutions. This section discusses unchar-
tered territories and regions entangled with extreme climates and geographical extremities,
constraints, and challenges. It reflects on recently developed technologies for smart habi-
tats and living environments, offering smart solutions to adapt to the negative impacts of
intense climates. It also champions the appreciation of good practices for climate-resilient
communities and sustainable livable constructs in harmony with their natural settings.

Paradigmatic Categories 5: On Smart Design Mobility and in Defiance
of Pollution

This Paradigmatic Category covers topics related to Intelligent Mobility Systems and their
impact on the design of urban and built environments toward augmenting the space poten-
tials within the buildings and cities — chapters include sustainable design mobility solutions
and agendas that synthesize manufacturing, computing energy, and material, toward devel-
oping safer, cleaner, and more convenient means of transportations in and between future
cities. This paradigm introduces eco-mobility, which prioritizes walking, cycling, public
transportation, and shared light electric vehicles. It promotes travel through integrated
socially inclusive and environmentally friendly options independent of privately owned
vehicles. It gives priority to health, safety, low-emissions, and people-centered urban devel-
opment encouraging circular and regional economies while limiting the impact of freight
transport.

Articles in this section expands on future visions of short distances, long-distance mobil-
ity systems, and breaking away from cultural attachments to cars and the infrastructure that
supports them. It also introduces lessons learned from developments in Space Architecture.

Paradigmatic Category 6: Simulation and Advancements in Digital
Technologies and Data-Driven Smart Designs

This Paradigmatic Category focuses on the technology of design production and the impact
of Smart Design Productions on the direction of today’s design methodology. This Paradig-
matic realm looks into new technology and tools utilized in architectural design focused on
efficiency, sustainability, and optimization goals. It considers smart methodologies for the
production and manufacturing of design constructs. Chapters in this realm reflect on crea-
tive advancement in integrative design and construction processes of smart buildings, and
how new technologies inform and improve the design process and production. This final
section focuses on the idea that buildings are increasingly considered smart self-sufficient
structures, which are automated and networked, as intelligent machines for living.

The main goal of this publication is to help raise awareness about the critical condition
of our planet concerning the profound ecological and environmental challenges it is facing.

The famous English historian Arnold Toynbee (1889-1975) in his monumental A Study
of History refers to the fact that “...the well-being of a civilization depends on its ability to
respond creatively to challenges, human and environmental”2.
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If we believe that with every challenge, there is an opportunity, smart design thinking in
architecture will be a warrant for optimism in saving our planet, and its future generations
of inhabitants. Smart design thinking is about the power and utopian promises of a creative
design agency that has the highest capacity to transform and reshape our future.

Editor’s Notes and Acknowledgments

Sadly, during the production of this massive volume, our large team of contributors and
authors was faced with the major loss and sudden passing of Dr. Eduardo Macagno, former
Chair and Professor of Cell/Developmental Biology and Neuroscience, and the co-founder
of the Academy of Neuroscience and Architecture. I am proud that his last writing and
contribution to the world of science is included in this publication, with the sincere work
and co-authorship of his graduate student, Julia del Rio.

Design of the Book Cover and Notes of Appreciation

The cover illustration designed by Nasim Rowshan is a collage of concepts toward a vision
of speculative design solutions and for what the prospects of the cities might be and the
way we might live and work in the future. It is the creative rendition of an exploration of
the kaleidoscopic implications and possibilities of kinds of visionary spatial and functional
relationships that a self-sufficient multifaceted city might contain and convey.

A special note of appreciation and deep gratitude to Nasim, who was one of my talented
students of the BIHE and a graduate of Yale, for her contributions to the design of the book
cover. Also, a special note of appreciation to Lucy Campbell for her sincere support and
collaboration in the editorial needs of the publication.

Notes

1 Paradigmatic Category refers to a prototypical classification and formation of a group of concepts
and subjects that belong to a specific paradigm or field of association.

2 Bruce Mau, in the Introduction of the book Massive Change, under the title of: Now that we can
do anything, what will we do?. Mau is referring to the main thesis of famous English historian
Arnold J. Toynbee’s. In his monumental publication, A Study of History, Toynbee declares: “The
twentieth century will be chiefly remembered by future generations not as an era of political con-
flicts or technical innovations but as an age in which human society dared to think of the welfare
of the whole human race as a practical objective.”

Toynbee, A. J.: 1957, A Study of History, New York: Oxford University Press. As cited in
Mau, B.: 2004, Massive Change. New York, NY: Phaidon Press.
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INTRODUCTION

The Design Imagination — Is Smart Design
Enough?

Harrison Fraker

The definition and scope of ‘smart design’ thinking is wide ranging and emergent as evident
by the diversity of the 59 essays in this first Routledge Companion to Smart Design Think-
ing in Architecture & Urbanism for a Sustainable and Living Planet. The essays do a good
job of illustrating different types of ‘smart design thinking’, but they represent only a small
sampling of smart design strategies that will be necessary to mitigate and adapt to the chal-
lenges of climate change in creating a more sustainable and living planet. In fact, a compre-
hensive review of such smart design strategies would take multiple ‘companions’ to cover
the range and complexity of design considerations. Nonetheless, the smart design strategies
included in the Companion give a revealing glimpse into the range of innovative strategies
that will be necessary to respond to the existential challenges of climate change.

In an effort to help comprehend the scope and diversity of smart design thinking, the
essays can be grouped into several broad categories. In the first, the concept of ‘smart
design’ is applied to improving the performance’ of the built environment and specific phys-
ical systems. Through the use of smart, wireless sensors, data analytics, and smart control-
lers, the operation of systems can be managed to be more efficient and more responsive to
the changing conditions of their environment and the precise, multi-sensory needs of users.
In the second category, ‘smart design’ focuses on improving the intelligence of the design
process itself, specific methodologies by which designers search for more appropriate and
effective design solutions. A third category of smart design is less about a smart technology
or smart methodologies, but more about an expanded design sensibility, one that explores
the value of integrated whole-systems design thinking in imagining entirely new system
configurations; and an expanded role of the senses, not only in custom designing places for
special users, but also in making more meaningful places. And finally, smart design can be
applied to the intelligent manufacturing of building elements, previously unimagined, that
can be made more sustainable.

Smart Design Performance
Using ‘smart design’ to improve the performance of physical systems has been at least

50 years in the making. The development of the smart, programmable thermostat, which

1 DOI: 10.4324/9781003384113-1
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allowed homeowners to program the timing and temperature settings of their thermostat
rather than adjust them manually, is an excellent early example of improving energy effi-
ciency. The evolution in performance of smarter systems has followed the improvement
and sophistication in wireless sensors, data analytics, and programmable controllers. It
has become almost ubiquitous. It can be found in almost any physical device, home appli-
ance, car operations, not to mention driverless vehicles. It has been crucial in designing
buildings to become zero carbon in energy operation. By improving energy efficiency
through smart management of HVAC systems, the dynamic response of building envelopes
(see Kalantar/Ekeda, Mostafavi/Bao/Montejano_), and even optimizing the properties of
smart programmable materials (see Tholen, Rian), the energy demand can be reduced so
that the application of local renewables (solar PV and/or wind) can deliver cost-effective
energy self-sufficient building operations. It extends to larger systems like the management
of urban infrastructure using data analytics and Artificial Intelligence (Al) to anticipate
and control system operations. Examples include water supply/storage and maintenance,
storm water management, waste water treatment, traffic control, and urban services. It is
used by utilities to anticipate and manage energy supply and demand, the use of storage,
backup generation, and the integration of renewables (see Herr, Isaac/Casals/Carta, Toyne/
Williams, Leach, Thanghavelu, Fairburn/Mohanty/Imhof, Del Campo). It is also being used
to measure the moisture content of soils, which, when coordinated with weather forecast-
ing, can deliver more efficient agricultural irrigation.

All of these are examples of ‘smart design’ using technical intelligence to improve the
performance of discrete systems. It has been shown that ‘smart design’ strategies are par-
ticularly effective when the boundary of the system and the metrics of measuring perfor-
mance are well defined. The question is what happens when the boundary of the design
problem is expanded to include other systems that, previously, have been seen as outside
the problem but could be integrated to become design resources. What this calls attention
to is that ‘smart design’ needs to adopt a more integrated, whole-systems design sensibility,
where ‘smart design’ captures synergies across systems, where systems are seen as intercon-
nected (see Braham). For example, where sewage is not seen as waste, treated and dumped
in the environment, but is seen as a resource that can be treated and re used for irrigation,
or gray water, or even potable water; where organic waste is not just dumped or composted,
but processed to create biogas for energy. The concept is captured by the analogy with
the international space station’s self-sufficient, closed-loop operation and thus leads to the
hypothesis of a ‘spaceship city’ (see Cohen/Imhoff) or buildings with a ‘brain’ (see Arbib).
Articulating this kind of expanded ‘smart design’ thinking holds the promise of it playing a
crucial role in both mitigating and adapting to the existential threat of climate change. Many
of the essays illustrate the value of integrated whole-system design thinking, by capturing
the potential of previously unrecognized opportunities in creating new innovative design
solutions. (See Sterry, Mueller, Cody, Besancon, Steudel, Piatek/English, Piatek, Baumeister,
Linarki/Baumeister/Stevens/Burton, Dunsmore, Tomber, Young, Mahadevwala.)

Smart Design Methodologies

Recent improvements in the intelligence of the design process build on long-standing tradi-
tions in the design professions — both the practice of analyzing precedents and researching
the literature on ‘post-occupancy’ evaluations of building types. Alan Colquhoun reminded
us of the value of intelligent pre-design research in his article, ‘Typology and Design
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Methods’ in Perspecta 13, where he essentially argues that good design can spring from
the creative evolution and adaptation of known building types, rather than starting from
scratch with a simple social/functional diagram of program elements. Intelligent (smart)
pre-design research has evolved to include the creation and use of ‘digital twins’ not only to
simulate and evaluate the performance of precedents but also to compare the performance
of new design alternatives. The construction of digital twins or prototypes can also enable
the smart manufacturing of building elements using 3D printing and robotics (see Neumayr,
Mostafavi/Mehan/Bagher, Piroozfar/Farr, Kalantar/Borhani). Yet the biggest development
in smart design methods is the exponential increase in the search power of generative Al

Over the past few years, there has been an explosion in the development of Al archi-
tecture generator programs (18 have been recently reviewed in Construction Magazine,
Aug 28, 3023). These architecture generators have special functions according to the nature
of the advanced AT algorithms hidden in them, ranging from ‘advanced machine learning’,
‘CLIP’ (contrastive language-image learning pre-training), ‘neural network technology’,
and ‘deep learning’. In most cases, the search depends on mastering appropriate text-based
input. For example, ‘imagine’: subject (building type), user, background, arch style desired
(can name well-known architect), time period, site, total area, and cost. The program
then visualizes multiple design options. But some programs can also begin with an image
input that can be edited, renovated, and rendered. Each Al generator can be used specifi-
cally for different phases and aspects of the design process, including visualizing alternate
schematic designs and/or ‘ideagrams’, visualizing and rendering different styles, creating
pseudo-realistic images, drawing plans for analyzing energy performance and resulting car-
bon footprint, working with 3D modeling programs like SketchUp, Revit and Rhino to do
high-quality rendering. Some programs are customized for interior design, site planning,
restoration, urban design, and landscape design.

These Al design generator programs are powerful tools for exploring and developing
design ideas. While they may generate unexpected, if not wildly unusual alternate solutions,
even completely non-sensical proposals, exposure to them can stimulate the design imagi-
nation. Furthermore, they can be used to optimize design alternatives for different criteria,
helping make more informed and smart decisions. By automating many menial drafting
tasks, they free up time for creative thinking and problem solving and increase design effi-
ciency. It is like having an expansive team of design assistants at the designer’s finger tips.
Nonetheless, in spite of Al’s unparalleled power of search and visualization, a final design
proposal (architecture or urban design) depends on the creativity, intuition, critical think-
ing, and decision-making of the designer.

Of course, the quality of output from Al design generators depends on the depth and
efficacy of the data base being searched and mastery of the text-based or image-based input
being used (not to mention the nature of the advanced Al algorithms being used). This is a
challenge for ‘smart design’ generators because the data bases used to visualize alternative
design concepts are not necessarily linked to performance data of the design problem being
explored, either post-occupancy evaluations or energy performance. The data bases are
primarily visual and/or scenographic. Furthermore, the metrics on performance vary from
technical to social to economic to aesthetic and are not standardized (not to mention the
array of data on city performance). This suggests not only the need to expand and improve
the data bases, but also a multi-phase design process that first visualizes a solution and
then goes through an iterative performance evaluation to arrive at an optimal solution.
It also suggests the need to expand the content of the design data bases being searched to
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include performance metrics beyond the spatial and visual. (Some of the papers address this
challenge, see Farr and Piroozfar.)

This challenge of linking spatial images to performance has been recognized by some in
the industry. For example, Autodesk, which provides drafting and modeling tools for the
design professions, has been working to develop a tool named ‘Generative Design’. It brings
the complete information on building designs, documented in their BIM (Building Informa-
tion Management) data base, together with performance modeling tools (digital twins) to
compare simulated performance with measured performance and user satisfaction of dif-
ferent designs. The tool will give designers a rich trove of information to evaluate different
spatial patterns and configurations, construction materials, envelope designs, and HVAC
system specifications to inform their early design explorations. It can inform the search for
zero-carbon sustainable solutions. And yet, such a tool does not generate a final design
solution, it provides a more intelligent and informed benchmark.

Similar tools have been developed for urban and regional planning scenarios. One exam-
ple is Urban Footprint. It uses Geographic Information System (GIS) to map the physical
characteristics and information sets of a city and its region, including the zoning plan,
environmental and climate data, energy supply and demand, building data — use type, con-
struction and density, census data, traffic data, commercial activity, air quality, and health
data. It then proposes a menu of 36 place-types, derived from current development models
with all their physical characteristics, to be used for planning future development scenarios.
For example, the place types include medium density; mixed-use; walkable neighborhoods
served by public transit; or low density suburban residential sprawl; commercial centers;
regional malls and storage/distribution centers, to name a few. By locating different places
types spatially in a city or region, it allows urban designers and planners to paint differ-
ent futures, to construct different scenarios. The program then calculates the consequence
and impact on traffic flow, energy demand/consumption, carbon footprint, water demand,
storm water flows, sewage treatment demands, health consequence, to name a few metrics.
It is a form of digital prototyping and simulation analysis; however, it does not design the
place types in detail, nor does it include new place types. It just reveals estimates of measur-
able consequences from the spatial deployment of place types, allowing for a comparison
among different scenarios (see Schumacher/Blooshan).

These two examples of ‘smart design’ tools illustrate how ‘smart design’ improves the
intelligence of design research and exploration. Through the use of Al and data analytics,
it can discover new patterns, expand the number of potential design solutions, anticipate
new needs, and guide the intelligent management and performance of physical systems. By
building digital twins, it can model and compare the performance of design alternatives,
a form of digital prototyping. Furthermore, with an expanded design sensibility, using
integrated whole-systems thinking, it can discover new previously unrecognized synergies
across systems. When the expanded design sensibility includes an increased awareness of
the role of the senses in user experience and satisfaction, it can custom design environ-
ments for users with specialized needs. (See Othon-Villegas, Zhang/Evan-Green, Bauman,
Downey/Arbib, Giovannella/Roccasalva, Zisch/Stroe/Ward, Gepshtein/Proietti, Macagno/
de Rio, Gaines.)

Thus, the power of ‘smart design’ as portrayed in the papers is just emerging with the
potential to radically improve our search for design solutions that will mitigate and adapt
to the existential threat of climate change, helping create a more sustainable and livable
planet. In fact, it may be essential for the survival of the planet as we know it.
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Nonetheless, there are questions to be asked that are inherent in the definition of and
application of ‘smart design thinking’. It is particularly good at improving the efficiency
of existing systems through intelligent feedback and control, but what about discovering
entirely new systems or approaches that are outside or replace existing solutions? Al ‘smart
design’ generators are particularly good at synthesizing the principles and patterns of ‘best
practices’ and visualizing a wide range of alternative solutions. While it may discover pre-
viously unrecognized patterns in the data and expand the landscape of potential design
solutions, it is limited to existing available data sets. By its own constraints, it is unable
to discover entirely new solutions, ‘outside the box’ of known practices. So, does ‘smart
design’, bound by its search of existing data, limit the search for new innovative and trans-
formative design concepts?

Furthermore, smart design depends on measurable data for its comparisons, but what
about the immeasurable — the emotional, the sensorial, and visceral experience of places?
While it will be essential in comparing the measured performance of different approaches
to climate change, can it also assist in creating places that are more meaningful? This is a
complicated question because in many cases meaningful design goes beyond the measur-
able. Often the immeasurable qualities of a place, along with its technical performance, are
why we value, fund, and maintain it. So, the question is are there emotional, sensorial, and
visceral qualities of smart design strategies that are under recognized and could lead to
creating more meaningful places?

By way of illustrating the immeasurable in design, it is hard to imagine that ‘smart
design’ played any role in Peter Zumthor’s creation of the Bruder Klaus Chapel. His idea of
burning logs, arranged in a teepee like pyre, enclosed in a concrete box, to carve out a
memorial space for a martyred patron saint is an imaginative leap of genius. It creates
a powerful sensorial and evocative experience from the lingering smell of the burn, the
color and texture of the concrete formed by the burned-out logs, the sparkle of minerals in
the burned concrete, the mysterious top light left by the absence of the teepee’s apex, and
the twinkle of light coming through the concrete tie-holes. It creates a space of reverie that
springs from Zumthor’s imagination, informed by his embodied visceral experience of the
world, not from any Al, simulations, or machine learning.

The same can be said for Louis Kahn’s design of the Salk Institute. His brilliant solution
to arrange the ‘servant’ spaces between the ‘served’ floors in section allows for maximum
flexibility and access to all technical support. It comes from his own critical ‘post occupancy’
evaluation of the Richard’s Medical Center, where the ‘servant’ spaces, arranged in plan as
towers around stacked laboratory floors, forced the services to be strung across the ceilings
in order to reach lab stations. While the shift to a solution in section can be described as a
form of ‘smart design’, learning from a precedent, its source is not an application of Al or
a simulation, but Kahn’s own direct experience. Furthermore, while the sectional arrange-
ment of ‘servant’ and ‘served’ spaces is an essential idea of the design, it is the clustering of
the research office space, forming a cloister with views of the horizon and setting sun that
captures a more poetic version of the Institute. It embodies the idea of a community with
‘the power of science to explore the foundations of life’. It is this aspect of the design idea
that springs from Kahn’s imagination, his notion of a community of scientists, that captures
our aesthetic imagination and makes the place memorable.

From these two examples, creating meaningful places depends on the creative imagina-
tion of the designer to capture special and resonant qualities that transform the experience
of a place, beyond its technical performance. This springs from the experience of the
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designer(s), her/his/their visceral, sensorial, and embodied experience of the world. While
‘smart design’ can greatly enhance the intelligence of early design explorations and test
the performance of alternatives, it needs to recognize and create a place in the process for
the design imagination to search for and capture experiences that go beyond the measurable
and touch on the emotional. From this perspective, ‘smart design’ is and will be critical in
improving the quality of design for a sustainable and living planet, but not the whole story.

Note

1 The concept that the physical environment performs (beyond its visual construct), that it can
be responsive to the needs of users, that it can be designed to perform in response to multiple
concerns is foundational to the development of ‘smart design thinking’. The case for a performa-
tive and responsive built environment (architecture and urbanism) is historically explained and
developed in Branko Kolarevic’s paper.
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