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INTRODUCTION: SURVIVAL 

THROUGH DESIGN

Sarah Robinson

Rain draws sap from creosote leaves, releasing their astringent odor into the air. Rain 
washes hard earth; sinks into the saguaro’s radial roots—uncreasing the crinoline folds 
of its skin. Rain enervates the landscape; turns cactus needles into hairs that stand on 
end, antennae tuned to capture water. The raindrops beat on my metal roof like a drum. 
From below, veils of canvas draw the line thinly between outside and in. The south-fac-
ing wall arches against my back like the cupped palm of a giant hand, exhaling its stored 
heat into the length of my spine. The wind outside howls. The fire inside cracks and 
pops. During a storm we experience dwelling most intensely. “Faced with the bestial 
hostility of the storm … the house’s virtues of protection and resistance are transposed 
into human virtues. The house acquires the physical and moral energy of a human body 
… it is an instrument with which to confront the cosmos,” wrote Gaston Bachelard.2

A growing number of us … are convinced that generally valid 

scales and gauges for judging design … can be found and 

must be applied. To deny it would seem nihilistic.1

Richard Neutra, 1954
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2 SARAH ROBINSON

Bachelard was not the first to compare the energy of the body to the agency of a building. 
Here the body is a metaphor in the fullest sense of the term; that is, a direct transfer of 
meaning from one domain to another, effectively linking two previously separate entities. 
In this case, the dwelling’s latent capacity to protect is activated by the storm. The house 
shifts from a state of dormancy to one of active response. The storm charges the atmo-
sphere; awakens the house, converting it into a sensitive instrument—a living container 
endowed with physical and moral energy. To truly appreciate the power of this dynamic, 
one must experience it firsthand. Witnessing the many moods of the Sonoran Desert from 
my shelter at Taliesin West afforded me that opportunity: total immersion in the didac-
tics of body, dwelling, and desert. This is exactly what Frank Lloyd Wright intended 
when he sent his apprentices to live in tents and to build shelters in the desert. With a Zen 
master’s methodological flair, he sought to create the conditions in which this visceral, 
omnisensorial flash of knowing could occur. He considered this experience to be the 
fundamental existential ground for becoming an architect. In order to design a building 
that is a breathing entity, not an inert box, one must first experience what it means to 
truly dwell. Wright understood that profound learning could not take place until the 
student sensed her own identity and belonging within this broader continuity of self, 
building, and world. Such an experiential foundation was also the very essence of John 
Dewey’s educational philosophy. For Dewey, bodily experience was the primal ground 
for everything we think, know, mean, or communicate. Dewey’s philosophy was not only 
pragmatic, it was empirically responsible and informed by the best physiology, psychol-
ogy, and neuroscience of his time. When Wright founded his own school, he based its 
pedagogy on Dewey’s core principles. The central tenet of the Taliesin Fellowship, “to 
learn by doing,” was the distillation of Dewey’s entire philosophy of experience. In the 
original 1932 prospectus in which Wright listed Dewey among the “Friends of Taliesin,” 
students were offered an apprenticeship with a master. This was the classic technique for 
learning martial arts, painting, sculpture, woodworking, masonry, and violin making—
arts and crafts traditions honored and practiced throughout the world for centuries. In 
this context learning occurred not through the study of texts so much as it was directly 
transferred from the embodied knowledge of the master to the receptive, experiential 
ground of the student.

Yet as a pedagogy for architecture, the apprenticeship model stood in sharp contrast to 
the conventional architectural education of the time that had long since abandoned 
embodied knowledge for purely intellectual pursuits. Wright and Dewey were among the 
few twentieth-century thinkers who understood the full richness, complexity, and 
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3INTRODUCTION: SURVIVAL THROUGH DESIGN

philosophical importance of embodied experience. In fact, the primacy of embodied 
experience in architectural education could be considered one of Wright’s largely 
neglected contributions to modern architecture.

For the past three decades, while architectural theory was following the other humanities 
into the vertiginous and barren peaks of semiotics, experts in numerous branches of the 
sciences were moving in exactly the opposite direction. Rather than getting caught up in 
convoluted cerebral games that denied emotional and bodily reality altogether, research-
ers were piling up evidence for the bodily basis of mind and meaning. Diverse disciplines 
such as biology, psychology, cognitive neuroscience, and phenomenology steadily yielded 
evidence of the extent to which mental properties depend on the functioning of the 
human nervous system. They collectively converged on this fact: all human endeavors 
depend upon our brains functioning as organic members of our bodies, which are in turn 
actively engaged with the ecological, architectural, social, and cultural environments in 
which we dwell. Embodiment calls for a far-reaching reconceptualization of who and 
what we are, in a way that contradicts much of our Western philosophical and religious 
heritage. To accept that our minds can include aspects of our physical and cultural envi-
ronments means that the kinds of environments we create can alter our minds and our 
capacity for thought, emotion, and behavior. Such an assertion undermines the certainty 
of our ontological categories—the dichotomies that separate the inside from the outside 
and the subject from the object are not distinctions of kind as much as they are abstrac-
tions that arise from our ongoing interaction in the world. The notion of a separate self 
that operates in isolation from its environment is thus tossed into the wreckage of an 
outworn paradigm. We can trace Dewey’s nondualistic thinking forward through recent 
cognitive science in the work of Varela and Maturana, Alva Noë and George Lakoff, in 
neuroscience most notably in the work of Gerald Edelman, Vittorio Gallese, and Gia-
como Rizzolatti, through to the phenomenological investigations of Mark Johnson—all 
of whom argue that the reality of embodiment mandates a radical reevaluation of long-
cherished dogmas that split the material from the intellectual, the mind from the body, 
and the self from the environment. While the implications of this provocative claim have 
not quite entered public consciousness, elsewhere entire research programs are being 
scrapped and redirected; new disciplines are emerging to confront this newly sanctioned 
reality. As Harry Mallgrave states in this book, “It is no exaggeration to say that we have 
learned more about our biological selves in the past half-century than in all of human 
history, and as a result of these developments the humanities—sociology, philosophy, 
psychology, and human paleontology in particular—have been forced to restructure their 
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premises and research agendas radically. Yet architects have remained surprisingly incu-
rious or seem little moved by these events.” Like many other professions, the practice of 
architecture is in crisis, and though we now spend 90 percent of our time in buildings, 
architects design a mere fraction of them. Meanwhile, the cognitive and neurosciences, 
and the embodiment theory on which they are based, are revolutionizing knowledge 
across disciplines. In fact, some observers have suggested that we are in the midst of a 
revolution in neuroscience that is as significant as the Galilean revolution in physics and 
the Darwinian revolution in biology. A concert of experts spanning disciplines affirm the 
critical role that the environment—built and natural—plays in determining our mental, 
physical, cultural, and social evolution. As architects, we are not only aware of such a 
premise; many of us have staked our careers on it. While we may not need to be con-
vinced of the decisive role that the built environment plays in directing human behavior 
and evolution, our clients, our heirs, and our public certainly do.

Understanding architecture’s role in shaping who we are and what we might become 
stands to increase the gravity of our work, elevate the stature of our role, and highlight 
the extent of our contribution to human and ecological well-being. To ignore the poten-
tial impact that neuroscientific research has upon architectural education and practice is 
to miss an extraordinary opportunity, since we are the very group that this new knowl-
edge could most persuasively serve.

Because architecture bridges both science and art, architects have long applied principles 
gleaned from scientific research into our practice. An early proponent of using neurosci-
ence to inform architecture was Richard Neutra. Since he worked with Wright during the 
time that the original fellowship was being formed, it would be only a slight stretch to 
consider him to be a first-generation Taliesin apprentice. He wrote his book Survival 
through Design during the war years. While the book’s title might sound extreme—the 
notion that human survival could somehow be secured through design—the promises of 
modernism were exactly that. Modernist architecture had the potential to liberate us 
from the bondage of cramped thinking undertaken in dark quarters: it would increase 
our efficiency, expand our mental and physical horizons, and guarantee a brighter future. 
Neutra championed these noble aims, and was convinced that design should be based on 
a biological understanding of human nature. “Our time is characterized by a systematic 
rise of the biological sciences and is turning away from oversimplified mechanistic views 
of the 18th and 19th centuries, without belittling in any way the temporary good such 
views may have once delivered. An important result of this new way of regarding this 
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business of living may be to bare and raise appropriate working principles and criteria 
for design,”3 he wrote.

Survival through Design is the fruit of a lifetime of design experience supplemented with 
his own research in psychology and physiology. The fact that he dedicated this book to 
Wright can be regarded as evidence of Neutra’s allegiance to the lineage of embodied 
thinking and empirical investigation that Taliesin engendered. Neutra carried on the tra-
dition to which Wright himself belonged—one that understood the whole person in the 
context of a broader ecology that included biological, social, cultural, and linguistic 
realms; one that was guided by principles won through “tangible observation rather than 
abstract speculation.”4 This embodied empiricism is consonant with the knowledge being 
advanced in the best of contemporary cognitive science, neuroscience, and phenomenol-
ogy. Though this appreciation of our embodiment may be breaking new ground in other 
disciplines, architecture’s earliest manifestations have always been rooted in corporeal 
experience. Vitruvius summoned a thousand years of classical culture in his formulation 
of the “well-shaped man,” a legacy carried forward by Leon Battista Alberti, who con-
sidered the ideal building to be an emulation of the human body. This celebration of 
human embodiment was present through to the Renaissance, and only later was the 
human abstracted out of the architectural equation. With some notable exceptions—like 
the case I have tried to build for Taliesin—human bodily experience has been effectively 
eradicated from architectural education and practice right up until the present day. So, 
while the findings of neuroscience and the embodied empiricism in which they are rooted 
may not be novel within the panorama of architectural history, they can nevertheless 
serve as a catalyst for reinstating the humanity that we have lost along the way. As 
Neutra foreordained, biological science in general and neuroscience in particular are 
finally poised to provide some basic working principles and criteria for design. The chap-
ters in this volume critically consider what some of these principles and criteria might be. 
Many of them have their origins at the symposium “Minding Design: Neuroscience, 
Design Education and the Imagination,” a collaboration between the Frank Lloyd Wright 
School of Architecture and the Academy of Neuroscience for Architecture that brought 
leading neuroscientists and leading architects to the same table: a table that was set in the 
campus of Taliesin West.

As any skilled host or hostess knows, the success of the dinner party often hinges on the 
atmosphere of the setting. The setting not only shelters the table but influences the course, 
content, and mood of the conversations that happen around it. Wright’s desert master-
piece is a case in point. The disciplines of neuroscience and architecture intersect in their 
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understanding of and obligation to their subject: the embodied human being, a being 
who can exist only in relationship; relationship to the places we inhabit, to each other, to 
the world. Architectural settings have the capacity to foster, weaken, or destroy these 
relationships. Both the neuroscientists involved in the Academy of Neuroscience for 
Architecture who work at Louis Kahn’s Salk Institute and the students who study at 
Taliesin are aware of this interdependence.

That weekend in the desert was a point of departure, a catalyst that cracked open a few 
new windows and opened others wide enough to knock the corner post out of the wall. 
Momentum has since gathered, and so have the contributions to this work. Here, practi-
tioners from such disciplines as psychiatry, neuroscience, physiology, philosophy, cogni-
tive science, architectural history, and architectural practice meet not only to explore 
what neuroscience and architecture can learn from each other: they situate the dialogue 
in historic context; they examine the implications for current practice and in reimagining 
architectural education; they dream the shape of the future. What emerge here are design 
criteria that have been forged over eons of evolution on this planet—whose imperatives 
are neither arbitrary nor negotiable. Attention is not narrowed in algorithms, signifiers, 
and particles, but directed toward the emergent, the affective, the sensual, the gestural 
and kinesthetic factors that pattern human perception and experience. Here you will find 
an increasingly complex, subtilized understanding of human drives, longings, and desires, 
and arguments that detail the unequivocal agency of the buildings we create. Longstand-
ing concerns surface in new guises, old dichotomies are redressed, priorities realigned, 
once fashionable theories are shaken, former allegiances are questioned and new avenues 
entertained. In these chapters you will find neither dogma nor ideological certainty poised 
to fill the void left by the once cherished theories we are forced to discard. Instead, this is 
a beginning—a point within a larger process. Truly reckoning with the implications of 
embodiment and taking the findings yielded by the new sciences of the mind seriously is a 
vast undertaking—one that is inherently multidisciplinary and necessarily collaborative. 
One that calls for a “co-evolution of theories,”5 as the philosopher Patricia Churchland 
has suggested. Evolution is a process that advances in fits and starts, bootstrapped to a 
plurality of conditions, impulses, drives—it works from the bottom up, and the top 
down.

Claims that “neuroscientists will be the next great architects”6 betray a misunderstanding 
of the roles and intrinsically interdependent nature of both professions. Despite popular 
mythologizing to the contrary, architects are and always have been team players. We are 
more like film directors, dependent on the interactive chemistry between the location, the 
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7INTRODUCTION: SURVIVAL THROUGH DESIGN

actors, the story, and the budget, than we are solitary dictators with transcendent visions. 
With refined sensibility, experience, and shared knowledge, we are able to fashion a 
whole from a host of diverse variables. A lesser building might be a kit of parts. Our best 
work emerges from a synthesis that transcends every one of its variables to become com-
plete, a unique entity—a new world. To accomplish this, we must be generalists who 
listen to and depend upon the expertise of our collaborators. What we make matters. 
Our responsibility is ethically grounded in our human past, and only in honoring our 
bio-historical roots can we hope to design a sustainable future. “Today design may exert 
a far-reaching influence on the nervous make-up of generations,”7 Neutra wrote six 
decades ago. Indeed, architecture is not optional—it is not a luxury item—it is and always 
has been the very fabric of our survival, our potential flourishing, or our possible demise.

NOTES

1. Richard Neutra, Survival through Design (Oxford: Oxford University Press, 1954), 7.

2. Gaston Bachelard, The Poetics of Space, 2nd edn. (Boston: Beacon Press, 1994), 46.

3. Neutra, Survival through Design, 18 (emphasis added).

4. Ibid., 17.

5. Patricia Churchland, Neurophilosophy: Toward a Unified Philosophy of Mind and Brain (Cam-
bridge, MA: MIT Press, 1986).

6. Emily Badger, “Corridors of the Mind,” Pacific Standard, November 5, 2012.

7. Neutra, Survival through Design, 7.
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1

“KNOW THYSELF”: OR WHAT DESIGNERS 

CAN LEARN FROM THE CONTEMPORARY 

BIOLOGICAL SCIENCES

Harry Francis Mallgrave

It is no secret that architects generally pride themselves on being artists. Design educa-
tion begins with elementary artistic exercises, and professional and nonprofessional jour-
nals today consider the architect to be an important arbiter of taste within the arts, in the 
same way that a generation or two ago the work of Mondrian or Matisse personified the 
idea of a transformative modernity. But wherein resides the “art” within the “art of 
building” (Baukunst)? I do not raise this question disparagingly, but I do mean to be 
provocative. Does the artistic component of an architectural design reside in its creativ-
ity, composition, good forms, functionality, daring structure, intentionality, or the grand 
ensemble of a self-satisfying object plopped within a particular context? Or does it lie 
elsewhere? Architects generally avoid this question.

The sociologist Tim Ingold has noted something else curious about some architects. He 
points out that many designers and other plastic artists today often define themselves 
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10 HARRY FRANCIS MALLGRAVE

precisely through the fact that they have transcended the “technical” side of their profes-
sion. Their chief challenge, it seems, is to exercise their imaginations, whereas the presum-
ably less imaginative technicians or minions in the field apply their tools to construct the 
artifact “dreamed up” by the architect.1 This fact seems odd in another respect, because 
the word architect, of course, comes from the Greek word architekton, which means 
“chief craftsman” or “master builder.” And the Greeks similarly divided the arts into two 
categories. At the top were the celebratory arts of music, drama, poetry, song, and dance, 
which were lovingly bestowed upon humanity by no lesser deities than Dionysus, Apollo, 
and the Muses. Below this group was a second tier consisting of the “technical” arts of 
painting, sculpture, and architecture, which had little in the way of divine sanction. In fact 
they owed their more modest and artisanal origin to Prometheus, who—as the Platonic 
interlocutor Protagoras noted—stole them from the workshops of Hephaestus and 
Athena. Again, these lesser (although not necessarily less impressive) arts were defined by 
the cultivation of skills, rather than by the exercise of imagination.

Discerning the location of the “art” of architecture has another problem, which is the fact 
that until the eighteenth century at least, architecture was considered as much a science as 
an art. And throughout recorded history architects turned to the sciences to find their 
philosophical or aesthetic footing. This was certainly true of the classical tradition in its 
various guises. In book one Vitruvius famously stressed that the architect (in addition to 
having a knowledge of drawing, philosophy, and history) should be well versed in geom-
etry, optics, arithmetic, acoustics, musical harmony, medicine, law, and astronomy, in 
addition to having expertise in mechanics and hydraulics, and building catapults and siege 
machines. For the Renaissance theorist Alberti the architect was no less uomo universale 
functioning within a larger cosmological system in which beauty, that elusive mistress of 

1.1  Gypsum Assyrian panel from the Palace of Ashurnasirpal 
II, Nimrud, 9th century bce. British Museum, London. 
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the Vitruvian triumvirate, was accessible only by initiation into the tenets and methods of 
the sciences. Francis Bacon, at the start of the seventeenth century, placed architecture 
alongside perspective, music, astronomy, cosmography, and engineering as one of the 
“mixed sciences,” and many of the major architects of that century, such as François 
Blondel, Claude Perrault, Christopher Wren, and Guarino Guarini, could be equally 
viewed as scientists.2 The anatomist Perrault, who was a member of the French Academy 
of Sciences and not the French Academy of Architecture, famously untethered architecture 
from its Albertian macrostructure not by aesthetic decree but by arguing that the eye and 
ear process their respective sensory stimuli in very different ways, physiologically.3 The 
line dividing science and architecture at this time was virtually indistinguishable.

Yet even with architecture’s gradual emergence during the eighteenth century as an 
autonomous artistic discipline, it remained drawn to science for both guidance and aes-
thetic inspiration. In 1757 Edmund Burke plotted a new course for aesthetic theory, by 
contending that the emotions aroused by beauty and sublimity had nothing to do with 
numerical proportions or harmonic ratios, but rather with the relaxation and tensioning 
of the optic nerve.4 Such a hypothesis allowed Uvedale Price to construct an entire 
theory of the picturesque, and the architect Julien-David Leroy to attribute the charm of 
a moving spectator’s experience with a colonnade to the successive display of light and 
shadow parading across the retinal field.5 In joining such an idea with traditional French 
theories of character, Le Camus de Mézières went so far as to suggest that all architec-
tural forms could be read emotionally from the modulation of a building’s lines.6

1.2  Library of Celsus, Ephesus, Turkey, 
completed 135 ce. 
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Architectural theory continued to draw much of its inspiration from the biological sci-
ences in the nineteenth century. The philosopher Arthur Schopenhauer, in following the 
lead of Immanuel Kant, argued that perception is no passive process, but one in which 
the brain actively constructs its world through a complex series of neurological opera-
tions. Architecturally, he translated this postulate into the brain reading a building’s 
forms as a conflict between gravity and rigidity. The architect’s task was to devise an 
ingenious system of columns, beams, joists, arches, vaults, and domes, through which he 
deprives these “insatiable forces [of gravity] of the shortest path to their satisfaction.”7

Such an interpretation inspired a whole body of architectural theorizing. Karl Friedrich 
Schinkel, for instance, admitted his earlier “error or pure radical abstraction” with 
regard to his utilitarian treatment of building forms, while Karl Bötticher saw architec-
ture expressly as a symbolic process, one in which its ornamental vocabulary must be 
crafted into a language to represent these gravitational forces as an “ideal organism.” 

Gottfried Semper’s large body of theory, assembled for the most part in the 1850s, was 
built upon similar premises. If, like Bötticher, he came to see the convex curvature of the 
Doric echinus as expressing the weight of the load bearing down on the column, he 
interpreted the “supple and elastic strength” of an Ionic volute as offering “resistance 
without violence.”8 The concave curvature of an Egyptian basket-weave capital, by con-
trast, came about because the strong textile fibers were in a state of tension, restraining 
the outward force of the load bearing down on the capital.

Semper’s theory also marks a time in which architectural theory aligns in an interesting 
way with physiological research. His friend and colleague at the ETH in Zurich, Fried-
rich Theodor Vischer, similarly viewed the architect’s task as one of infusing “buoyant 

1.3  Egyptian basket column capital, from 
Gottfried Semper, Der Stil in den technischen 
und tektonischen Künsten.
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life” into inert matter through a linear and planar suspension of forms. Pointing to con-
temporary medical research, he argued that this animistic effect was due to the fact that 
all forms induce “certain vibrations and who knows what neural modifications” within 
the spectator’s organism.9 In 1873, his son Robert coined a term to define this process of 
neural modification—the German word Einfühlung. It is a difficult word to translate, 
and while the English word “empathy” is adequate for many purposes, for the younger 
Vischer it connoted the active process by which we literally “feel” ourselves into or neu-
rologically simulate objects of artistic contemplation. When we experience a great work 
of art, we not only have an “intensification of sensuousness” but also a general strength-
ening of our vital sensations. “Every work of art,” he noted, “reveals itself to us as a 
person harmoniously feeling himself into a kindred object, or as humanity objectifying 
itself in harmonious forms.”10

Vischer’s relatively small book touched off a veritable deluge of writings on aesthetic 
“empathy” in the last decades of the nineteenth century, culminating along one front 
with Heinrich Wölfflin’s remarkable dissertation of 1886, which opened with the ques-
tion “How is it possible that architectural forms are able to invoke an emotion or a 
mood?”11 I will return to aspects of this work later in this chapter, but I want to point 
out one other bold attempt to realize this line of aesthetic reasoning—the founding of the 
new garden city of Hellerau in 1906.

One of its co-founders was Wolf Dohrn, the son of a prominent biologist who in 1902 
had completed his dissertation under the famed psychologist of empathy theory, Theodor 
Lipps. Dohrn proposed various ways to make this new “German Olympus” an Edenic 
center of social good will and personal enhancement, but none was more revolutionary 
than to make musical training the centerpiece of its educational system. To this end he 
persuaded the famed musicologist Émile Jaques-Dalcroze to relocate his conservatory to 
Hellerau. The aim of the institute, however, was not musical competence in itself but to 
employ it as a means to enhance a person’s happiness and creativity. Underlying this 
training was the hypothesis that the movements of the body should be in alignment with 
the neural activities of the brain, to bring about a “co-ordination between the mind 
which conceives, the brain which orders, the nerve which transmits and the muscle which 
executes.”12 In short, it was a holistic theory of embodiment, one that—to frame it within 
the context of today’s biological viewpoint—views consciousness, thinking, and commu-
nication activities as intrinsic to our biological organisms or functioning bodies, respond-
ing of course to the characteristics of the physical, social, and cultural environments in 
which we dwell.
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Dalcroze’s system, integrated with other activities at Hellerau, created a sensation across 
Europe, and its music and dance festival of 1913 alone attracted 5000 visitors from 
across the globe. Among the intellectuals who came to Hellerau to evaluate its program 
in its first few years were Ebenezer Howard, Martin Buber, George Bernard Shaw, Max 
Reinhardt, Serge Diaghilev, Thomas Mann, Stefan Zweig, Oskar Kokoschka, Emil 
Nolde, Hugo Ball, Heinrich Wölfflin, Max Klinger, Wilhelm Worringer, Julius Meier-
Graefe, Franz Kafka, and Upton Sinclair. Architects were no less interested in the experi-
ment. Peter Behrens, Henry van de Velde, Hans Poelzig, and others involved with the 
German Werkbund closely followed the events of the town. Walter Gropius (whose 
future wife Alma Mahler was a frequent visitor) was certainly aware of the theoretical 
underpinnings of the program, and Mies van der Rohe surely visited his fiancée Ada 
Bruhn, who studied at Dalcroze’s institute in 1912–1913. Charles-Édouard Jeanneret 
(later Le Corbusier) visited the town on four occasions, in part because his brother Albert 
was an instructor under Dalcroze. Had this experiment not been rudely halted by the 

confluence of events of 1914—the outbreak of World War I, Dalcroze’s return to Swit-
zerland, and Dohrn’s death in a skiing accident—the course of European modernism 
might well have been very different.

Nevertheless, there was an afterglow to these events in the 1920s. The Soviet Constructivist 
and De Stijl movements all bore the imprint of many of the earlier cognitive and perceptual 
experiments, and Hellerau’s theories of empathy were particularly evident in the teachings 
of the Bauhaus, in the embodied work of Johannes Itten, Gertrud Grunow, Oskar Schlem-
mer, Wassily Kandinsky, and László Moholy-Nagy—all too little discussed within the 
extensive literature of this period. These efforts, however, were decidedly on the wane with 
the transfer of the Bauhaus from Weimar to Dessau, and by the early 1930s avant-gardism 

1.4  Émile Jaques-Dalcroze. 
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had all but collapsed across a European continent about to plunge into the cauldron of yet 
another war. Efforts to merge artistic production with biological knowledge became more 
infrequent. One exception was Richard Neutra, and his book Survival through Design, 
published in 1954, was largely written during the war years. In this remarkable study, he 
passionately urged architects to incorporate “current organic research” and “brain physiol-
ogy” into their designs, to explore our multisensory interaction with the built world, as 
well as to undertake research in areas of “sensory significance.”13

1.5  Eurhythmic exercise at Hellerau, “Beating 5/4 
in canon with expression.” 

There is little need to dwell on the more familiar patterns of architectural theory in the 
second half of the twentieth century. On the one hand there was a meliorist postwar 
belief that architects could affect social change, and that this amelioration would take 
place specifically through technology and its applications. On the other hand there were 
the more cynical winds of a gathering poststructural storm that—in the effort to preserve 
architecture’s presumed autonomy and theoretical purity—branded all such efforts as 
“metanarratives.” In the ensuing conflict between these competing camps, the phenome-
nological efforts of Steen Eiler Rasmussen and Christian Norberg-Schulz, the urbanism 
of Kevin Lynch, the sociological patterns of Christopher Alexander, and the Gestalt 
thinking of Rudolf Arnheim gained little traction. The political abstractions of the 
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Frankfurt School, semiotics, Lyotard, Foucault, and “weak thought” all proved to be far 
more interesting, and when the last Derridean converted to Deleuzianism in the early 
1990s, architectural theory had all but crashed and burned in its conceptual excesses. By 
this time architects had quite rightly grown weary of “isms,” and in any case the profes-
sion was passing into the digital and green age, when the spectacle of all such strategies 
was presumed to be irrelevant. Sustainability, new and improved building materials, 
parametric softwares, and building information modeling (BIM), it was presumed, would 
constitute the future of design.

ΓΝΏΘΙ ΣΕΑΥΤΌΝ (KNOW THYSELF)

These two words, according to Pausanias, were inscribed in stone at the entrance of the 
Temple of Apollo at Delphi.14 The maxim, he reports, was written by one of the wise 
men of ancient Greece, and Plato in particular was fascinated with the phrase. He refers 
to it in no fewer than six of his dialogues, and in two instances Socrates invokes the 
phrase to caution those who in their vanity seek to understand obscure and far-flung 
knowledge without first understanding their own human natures.15 I invoke the admoni-
tion in this sense, because I believe that what has been lacking in so much of architec-
tural thought of the past half-century has been a concern for ourselves—not only how 
people actually experience the built environment, but also how the “inner voice” of the 
designer might align itself with the social institutions and cultural edifices of our explo-
sive metropolises. Somewhere within this reconciliation, I will argue, lies the “art” of 
design.

I want to focus on the biological sciences, but I want to begin with a small digression into 
ethology, the science dealing with animal behavior and its evolutionary transformations. 
For some years Ellen Dissanayake has been seeking the origin of the arts, which she has 
done by drawing upon evolutionary and anthropological evidence, by exploring the 
human predisposition for play, as well as for ritualistic and ceremonial behavior. In her 
book Art and Intimacy, which came out in 2000, Dissanayake buffers her case by citing 
the work of Colwyn Trevarthen, a child psychologist and psychobiologist at the Univer-
sity of Edinburgh. Some of his experimental studies focused on how mothers and infants 
build loving bonds through such measures as “baby talk”—that is, the “cooing” patterns 
of intonation, vocal and rhythmic exaggerations, and repeated visual and tactile give-
and-takes. In her book, Dissanayake draws a far-reaching conclusion from this research:
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I show that human newborns come into the world with sensitivities and capacities that 

predispose them to join in emotional communion with others. I then argue that these same 

sensitivities and capacities, which arose as instruments of survival in our remote hominin 

past, are later used and elaborated in the rhythms and modes of adult love and art.16

Such a thesis is intriguing, especially since neuroimaging studies have since demonstrated 
that beauty (in art) and love (romantic and maternal) do indeed share a similar hedonic 
or “pleasure circuit.”17 Dissanayake goes on to expand her argument along several fronts. 
First, these “rhythms and modes” underlying artistic expression, which extend back into 
pre-Paleolithic stages of human evolution and are enacted from our first minutes of life, 
are presymbolic in their biological underpinnings. The human artistic impulse therefore 
seems to be more deeply rooted in our human natures than the speculative anthropologi-
cal theories of the past have allowed. Second, they are related to emotional drives associ-
ated with enculturation, such as social affiliation, making sense of our surroundings, 
acquiring competence in skills, and what she refers to as “elaborating upon.” In this last 
regard, the arts “emerged through human evolution as multi-media elaborations of 
rhythmic-modal capacities that by means of these elaborations gave emotional meaning 
and purpose to biologically vital activities.”18 And it is only when the artist or architect 
taps into these “cross modal sensations of tactility and kinesis” together with their emo-
tional use of colors, forms, and textures, that a work of art or architecture attains the 
charm of being both creative and revelatory, that is, of becoming something “special.”

Dissanayake’s hypothesis has profound implications in many respects, which space does 
not allow us to pursue here. I raise her hypothesis for the simple reason that today the 
biological sciences are indeed telling us much about ourselves, much more than we have 
learned in the past. And while architectural theory over the past half-century has been 
pursuing the phantom of its coveted autonomy, the biological sciences and their sister 
disciplines in the humanities have been spawning a bevy of interdisciplinary fields that 
have been decoding the mysteries of human life with unparalleled success. In 1949 
Donald Hebb concluded that when two neurons fire together, protein growth takes place 
and the synaptic bond between them is strengthened.19 This hypothesis, confirmed only 
some years later, led to our present understanding of learning and neural plasticity. In 
1953 James Watson and Francis Crick demonstrated that the double helix was the con-
figuration of the DNA structure, which laid the basis for decoding the human genome. In 
the 1970s and 1980s, biological pioneers such as Benjamin Libet and Gerald Edelman 
began to probe the phenomenon of how human consciousness arises. In the early 1990s a 
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team of researchers in Parma, led by Giacomo Rizzolatti, discovered “mirror neurons” in 
the brains of macaques.20 In the same decade the Human Genome Project was initiated, 
which resulted in 2003 in the full sequencing of the 25,000 or so genes of the human 
genome. During these same two decades we saw the proliferation and continuing refine-
ment of neuroimaging technologies, such as positron emission tomography (PET scans) 
and function magnetic resonance imaging (fMRIs), which have allowed us to record neu-
rological aspects of the working human brain. Today we have even isolated particular 
areas of the brain involved with the perception of buildings, landscapes, and their spatial 
properties. It is no exaggeration to say that we have learned more about our biological 
selves in the past half-century than in all of human history, and as a result of these devel-
opments, the humanities—sociology, philosophy, psychology, and human paleontology in 
particular—have been forced to restructure their premises and research agendas radically. 
Yet architects have remained surprisingly incurious or seem little moved by these events.

I believe this incuriosity is no longer tenable. For one of the new perspectives that is 
emerging from these breakthroughs is the simple recognition that we are developmental 
organisms raised within environmental fields, and that the quality of these environmental 
fields has a powerful impact on our cognitive and organic development over a relatively 
short time. And if we accept the premise that architects are the principal designers of our 
built environments, it would seem to be incumbent upon them to learn something about 
our biological complexity. Here I am not referring to the obvious hazards to human 
health and welfare that have been well publicized, such as the dangers of pesticides in our 
food or the presence of formaldehyde in our habitats; rather, I am speaking of the larger 
and more complex manner in which we take in or experience the built world, how it 
indeed might give us some pleasure or happiness, or rest and refuge, as our needs may 
dictate. The investigations undertaken thus far by the biological sciences are already rich 
in their implications, but for architecture, at least, they remain to be fully explored. Nev-
ertheless, let us focus on two aspects that have direct relevance to our built environment. 
The first derives from the new models of emotion that are presently evolving, and the 
second is emotion’s underpinning in the mirror neuron system. Both aspects become 
more acute as we turn over more and more of our design responsibilities to machines.

EMOTION

Any student of architectural ideas, particularly someone bred on the philosophical 
abstractions of recent theory, might be surprised if not bemused to stumble upon this 
term. For the word “emotion” has rarely been raised within polite architectural circles 
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for the past century or so, and it is certainly fair to say that the idea has never formed a 
significant part of theoretical discourse since the picturesque or architecture parlante 
movements of the eighteenth century. It is as if the very notion is an anachronism that 
we, with our abstract powers of logical reasoning, have pretended to have outgrown or 
moved beyond. But why indeed are architects so distrustful of this word with respect to 
design?

The famed biologist Joseph LeDoux defines emotion as “the process by which the brain 
determines or computes the value of a stimulus.”21 Emotions can be of many varieties, and 
I use the term here in a nonspecific sense—that is, not as someone’s heartfelt response to a 
particular building but rather as the way that we more broadly connect with or experience 
our built environments. These connections take place in a variety of ways, but the key fact 
is that emotion, as emphasized in the perceptual theories of James Gibson, is always a 
multimodal or multisensory experience of someone moving through an environmental 
field.22 We engage the world holistically on all sensory levels, and the sum of these sensory 
contacts initiates what Jaak Panksepp refers to as “affect” programs—that is, electro-
chemical responses generated in the subcortical areas of the basal ganglia and brainstem 
(among other places), triggering chemical responses in other areas of the brain.23 Douglas 
Watt notes that “emotion probably reflects a special kind of carefully routinized and evo-
lutionarily carved set of operations for protecting our homeostasis.”24 Broadly speaking, 
emotion conditions our response to specific events or sensory fields. In this sense, emotion 
is precognitive or prereflective because its triggering, by most definitions, takes place prior 
to our conscious awareness of this subcortical activity. Emotions are embodied within our 
perceptions, and it is only later that we reflect upon our “feelings” toward some event.

Emotion, as we noted, can be of many types and complexity. Panksepp, for instance, 
refers to “seeking” and “play” as two emotional endophenotypes, ingrained behaviors 
induced by the interaction of genes and the environment.25 A young bird must at some 
point leave its nest and explore the world in order to survive, and the human biological 
system similarly needs stimulation and information to prosper. Thus novelty is one moti-
vational factor that often entails a certain pleasure, especially when it informs us with a 
new perspective. Similarly, physical play is something that strengthens muscles, enhances 
the metabolic system, and leads to the cultivation of motor skills; it also allows mammals 
to bond socially and, in an artistic sense, it is an essential aspect of creative thinking. 
When seeking and play give us joy, it is because they set in motion that neural “pleasure 
circuit” that, once ignited, floods our brains with a mixture of neurotransmitters, such as 
dopamine. Traditionally, philosophers have characterized emotion as something opposed 
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to reason, but this is an antiquated way of viewing things. Emotion is the multisensory 
medium through which we engage the world, and human reason is but an evolutionary 
refinement of the emotional process—circuits that delay the animal response pending 
“further review.” Yet emotion has already set the tenor of not only what is to be reviewed 
but how it is to be reviewed, and in this way it is powerfully implicated in our responses 
to the built environment.

The newer models of emotion are important to architecture for two reasons. First of all, 
they suggest that our initial emotional engagement with the environment is precognitive or 
nonconscious. Much of this neurological activity (tens of billions of neurons) operates 
below the threshold of conscious awareness for the simple reasons that it is too massive an 
activity and operates too quickly for the conscious mind to focus on it. Secondly, awareness 
and thought are fundamentally embodied, in the sense that important aspects of our per-
ceptual and conceptual activity involve the sensorimotor areas related to our movements 
and corporeal awareness. What this means, in the words of George Lakoff and Mark John-
son, is “that human concepts are not just reflections of an external reality, but they are 
crucially shaped by our bodies and brains, especially by our sensorimotor system.”26

Yet architects sometimes go to great lengths to spin elaborate yarns to intrigue or beguile 
the patron or public, usually with the presumption that they are informed readers of the 
script. Whereas allegory and metaphor are perfectly valid exercises in architectural 
design, architects at times need to be reminded that people initially do not experience 
their habitats in this way. The general ambience of a perceptual field is what people first 
encounter, in large part through our peripheral vision, as Juhani Pallasmaa has noted. 
And biological judgments are already being made by such things as the touch of a door 
handle or handrail, the proportioning of stair risers and treads, the texture of the floor 
material, the resonance or ambience of the spaces, the hand of fabrics, the smell of mate-
rials, and the presence of natural light. These biological responses occur before someone 
stands back and reflects on the overall experience.

There is nothing radically new in such a statement. The better architects of the past and 
present have always been aware of this fact. What biology today is making evident, how-
ever, is the degree to which our responses to physical, social, and cultural environments 
are embodied, and how our responses to this condition of embodiment in turn alters our 
biological organisms. We “feel ourselves into” (to use Robert Vischer’s term) our living 
environments in a multisensory and immediate way through our bodies, and these feel-
ings have biological consequences. Yet the profession and teaching of architecture has for 
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some years been moving in a contrary direction, as the notion of what constitutes good 
design is reduced more and more to iconic or novel images found on the web, computer-
generated renderings of yet-to-be-built designs instantaneously made available to all. 
This degradation of the sensory aspects of architecture is particularly problematic with 
students who are quite naturally fascinated with the power to wield or manipulate forms 
endlessly on a computer screen. Yet design is indeed a zero-sum game. The aspects on 
which one focuses one’s effort during the design process determine, to a great extent, 
what the final result will be. When one devotes an inordinate amount of one’s attention 
to compositional or novel form, for example, one tends to ignore materiality and detail-
ing. When one seeks out only novelty, one tends to ignore historical examples that might 
offer other important lessons in design. And even when one is sensitive to the fact that 
architecture has a history, it is often expressed in superficial ways. The image of a 
Brunelleschi church in a history book does not prepare the student for the actual experi-
ence of leaving the Florentine summer heat and walking down the spatial expanse and 
thermal coolness of the nave of Santo Spirito.

Emotional research also offers us a refrain from the excesses of recent architectural 
theory. At the risk of belaboring this point, the poststructural notion that architecture 
should mirror our “decentered condition” or express our existential angst overlooks one 
important thing. People primarily evaluate their ecological environments through the 
ensemble of stimuli generated by the materials selected, spatial relations, formal propor-
tions, scale, patterns, rhythms, tactile values, and creative intentions—not to mention 
those more arcane matters of comfort, convenience, craftsmanship, presence, warmth, 
and beauty. The word “aesthetics” indeed comes from the Greek word aisthētikos, which 
simply means “sense perception” or “to perceive.”

On an urban level, one of the insights of these newer emotional models is the recognition 
that our emotional responses are strongly integrated with our peripheral autonomic ner-
vous system—that is, the working of our sympathetic and parasympathetic subsystems. 
These neural subsystems work in a reciprocal and opposing fashion. The sympathetic 
system, for instance, may accelerate the heart rate in response to one bodily condition, 
while the parasympathetic subsystem may slow it down in response to another condition. 
These two subsystems, in turn, are separately wired into the insular cortices in each hemi-
sphere of the brain (a cortical region behind each ear yet tucked toward the center of the 
brain). The sympathetic subsystem terminates in the right insula and, as A. D. “Bud” 
Craig has reported, is associated with energy expenditure and arousal. Conversely, the 
parasympathetic subsystem terminates in the left insula and is a response to energy 
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nourishment, relaxation, and affiliative emotions.27 The insula is now recognized as one 
area of the brain in which we become aware of our visceral and emotional feelings.

This fact is important because the built environment can be aligned with these two poles. 
A building can arouse our metabolic systems and demand high energy expenditure, or a 
building can provide a place of relaxation and comforting sociability. Some buildings or 
environmental events can do both, but my point is the very obvious fact that we can 
approach a design problem in two general ways. We can design for the “wow” effect, the 
highly stimulating environment that forces people to come to terms with the intensity 
and presumed ingenuity of our design, or with greater modesty we can design a place 
that provides rest and comfort, or perhaps offers the occasion for social rituals or private 
nourishment. Both approaches have their appropriate occasions, but then again architec-
tural training in the design studio often encourages the seeking out of the greatest “bang 
for the buck,” as the saying goes. With this in mind, what happens in an urban environ-
ment where most buildings are designed to be active, aggressive, or even abrasive to our 
senses? Major squares and avenues in New York or Tokyo may be rightly celebrated for 
this attraction, but it also stands to reason that cities—as biophilic proponents have long 
argued—should also have greener or more nature-centered areas to maintain a sensory 
and psychological balance. Biological experiments related to architecture will in the 
future no doubt refine our approach to design in this regard. For instance, areas in 
schools can be active or passive depending on the educational or recreational tasks at 
hand, and indeed three-dimensional immersive technologies are already allowing us to 
study people’s responses to such environments before they are constructed.

MIRROR SYSTEMS

Emotions function with such unerring immediacy in part because of another major bio-
logical discovery of the 1990s—that of mirror neurons or (for humans) mirror systems.28 
The discovery may very well prove to be one of the most important scientific events of 
the past half-century, but it should also be emphasized that research on these systems in 
humans is still in its infancy, and an understanding of their full implications remains 
years away. In the discovery of the early 1990s, scientists inserted electrodes into the 
brains of macaques to record the neural circuits involved with grasping objects such as 
peanuts. What they found to be unusual was that certain neurons became active in mon-
keys who were not grasping things, but were simply watching others grasp objects. Neu-
roimaging technologies have demonstrated similar “mirror systems” in humans. What is 
also interesting is that one of the areas in humans presumed to contain mirror neurons 
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for grasping is the premotor cortex, which is involved with the production of speech. 
This fact in itself has upended a few thousand years of linguistic (not to mention philo-
sophical) theory, for it suggests that human speech was built upon more ancient brain 
mechanisms that were involved with action recognition and manual gesturing.29

The discovery of mirror neurons and mirror systems has led to hundreds of neuroimaging 
studies over the last fifteen years surveying their extent and significance. We now know, for 
instance, that there is not only a mirror system for grasping in humans, but several such 
systems distributed across different brain regions. Mirror systems are also active with emo-
tional responses, and thus are now presumed to be part of the reason we have social empa-
thy.30 It has also become clear that in witnessing someone in pain, we map the area of 
trauma onto our own bodies.31 Again, mirror systems seem to be active in proprioception, 
in the sense that we seem to enjoy the movements of a ballet dancer not just visually but 
also motorically. It is as if the motor circuits in our own brains, in mirroring the motor 
movements of others, take a simulative pleasure in ourselves moving with such agility and 
poise.32 From a different perspective, some human brain disorders, such as autism, are now 
presumed to result from a breakdown of a mirror system. Much of our social understand-
ing of mirror neurons has been collected under that old term “empathy” theory, but 
another term gaining traction today for mirror systems is “embodied simulation.”

Mirror systems have more recently been implicated in artistic events, and in this regard 
two studies are of importance to architects. In the first one, scientists were recording the 
activity of the mirror system involved with touch, such as watching someone touching 
another person. We might expect such a response because of our social empathy, but the 
scientists also found evidence of mirror activity when we observe two inanimate objects 
touching one another. As the neuroscientists framed the issue: the domain of touch 
appears not to be limited to the social world. Space around us is full of objects acciden-
tally touching each other, that is, without any animate involvement. One could observe a 
pine cone falling on the garden bench in the park, or drips splashing on the leaves of a 
plant during a downpour. Models of embodied simulation posit that the same neural 
structures involved in our own body-related experiences contribute to the conceptualiza-
tion of what we observe in the world around us.33

Granted that we may not generate an empathic accord with every aspect of our inani-
mate environment, this simulation of features of the inanimate world—which of course 
encompasses the built environment—returns us to the empathy theories of Semper, The-
odor and Robert Vischer, and Wölfflin. One of Wölfflin’s criticisms of Robert Vischer’s 
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proposal was that he was envisioning empathy as a kind of psychological projection of 
our self into the artistic entity, through which we read back our emotional responses or 
feel our own experience. Wölfflin insisted that we animate architectural events simply 
“because we ourselves possess a body”—that is, because the optic nerve stimulates the 
motor nerves and thereby sympathetically works on our own neural system through our 
bodily organization.34 Because we know the force of gravity through our own corporeal 

1.6  Leon Battista Alberti, Santa Maria Novella, Florence, 
1456–1470. 

experience, we read the weight and balance of a building in gravitational terms. We judge 
a work of architecture to be beautiful because it in fact mirrors the “basic conditions of 
organic life.”35

Wölfflin was not alone in such theorizing in his day. Around the turn of the century the 
English writer Vernon Lee, in collaboration with the painter Clementina Anstruther-
Thomson, attempted to record, through a series of experiments, the physiological 
responses of people viewing buildings. In studying the façade of the church of Santa 
Maria Novella, for instance, the two artists recorded how its proportions altered and 
moderated breathing patterns, exerted certain pressures on the feet and head, and ulti-
mately uplifted the viewer with a feeling of “harmonious completeness.”36
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