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The Max Wertheimer Lectures
The international Max Wertheimer Lectures organized by the author at 
the Johann-Wolfgang-Goethe University in Frankfurt am Main during 
the period 1994–2003 were devoted to the discussion of present-day 
a dvances based on Wertheimer’s multifaceted work on perception, cog-
nition, and thinking. Leading experts from four countries were invited, 
most of them from the United States or Germany, but also one each from 
Israel and England: Stuart Anstis, Detlev von Cramon, Patricia Goldman-
Rakic, Klaus-Peter Hoffmann, Ruth Kimchi, Christof Koch, Michael 
Kubovy, Mortimer Mishkin, Ken Nakayama, Karl Pribram, Robert 
Sekuler, Wolf Singer, Lothar Spillmann, Anne Treisman, Michael Wert-
heimer, Gerald Westheimer, Semir Zeki, and Josef Zihl.

The Max Wertheimer Lectures were governed by a caveat adopted 
from Wolfgang Köhler, who had warned that human cognition — and 
even scientific judgment — may easily fall into such simplistic dichoto-
mies  as nature–nurture, mind–body, holistic–atomistic, experimental–
theoretical, and other tempting polarities in psychology. Whereas the 
Lectures tended to avoid such extreme dichotomies, they provided 
thought-provoking exchanges towards a better understanding of the 
p sychological and neurophysiological issues involved in modern Gestalt 
theorizing (e.g., Sekuler, 1996; Westheimer, 1999; Gepshtein, Elder, & 
Maloney, 2008; Kimchi, 2009; Bhatt & Quinn, 2011a,b).

Final Remarks

Wertheimer’s (1912, 1923) two seminal articles on seen motion and per-
ceptual organization paved the way not only for the development of one 
of the most highly visible “schools” in psychology, but also for much cur-
rent research in twenty-first century cognition, neuroscience, psycho-
physics, and other areas. Present and future generations of psychologists 
and cognitive neuroscientists may judge Wertheimer’s work as fruitful 
but unfinished or merely programmatic. While his experimental research 
did not result in a finished, definite theory, it continues to highlight the 
serious deficiencies of an “atomistic” theory or “mechanistic” model of 
human and animal perception and cognition.

Modern researchers are now aware of the relational nature of all 
p erceptual processes and their higher-order organization into cognitive 
systems (the “top-down” approach). Higher-order motion perception in 
humans and animals, including apparent motion, is now recognized as 
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objectify such artifacts as we can, say, a mobile phone that fits in our hand or 
our pockets. We engage architectural robotic artifacts in a state of distraction, 
as they surround us or at least challenge the physical scale of our bodies. For 
this reason, the Viennese architect Adolf Loos discouraged the photographing of 
his architectural works: How could a photograph possibly capture their essence 
when that essence escapes any and every vantage?

The physicality, behavior, and affordances of architectural robotics have the 
potential to make architectural robotics an intimate aspect of our private and 
social routines. In the near future, in our everyday lives, likely places in which 
we will encounter architectural robotics include health-care facilities, class-
rooms, workspaces, assisted-care homes, and within mass public transit sys-
tems. Applied to these familiar building typologies, architectural robotics has 
the potential to render these common places more responsive, supportive, and 
pleasurable (or, at least, less painful).

Outside the course of such daily routines, architectural robotics may prove 
invaluable in instances of disaster relief, in making the physical environment 
more agile in response to natural and human-made disasters. And with increas-
ing mass urbanization, architectural robotics promises to transform underuti-
lized spaces of single-program buildings, such as schools, sports arenas, and 
offices, into the dense, compressed-pattern programming that Alexander envi-
sioned for the home, enabling living, working, and recreation opportunities to 
occur within the same spatial, physical envelope in places where space is too 
scare and/or exceedingly costly to devote to single purposes that are not used 
continually.

Given the foreseeable reach of architectural robotics and the intimate role it 
may assume in our lives, the design of such large-scale, cyber-physical artifacts 
demands a deep understanding of human populations sometimes overlooked 
by designers: children, adults aging in place, and individuals of all ages suf-
fering from illness, disabilities, and the challenges of dislocation and reloca-
tion. It is particularly in this respect—the understanding of human beings and 
being human—that architectural robotics research benefits from engagement 
by human factors psychologists and allied cognitive and social scientists. The 
design of architectural robotic artifacts also demands that research teams capa-
bly apply this understanding of human populations to the conception of artifacts 
that are at once digital, physical, spatial, and relatively large scale. Such com-
plex artifacts must not only be easy to use but also safe to use. They must be 
durable, cleanable, robust in function, and aesthetically and functionally pleasing 
to their users. Both at rest and in motion, they must be able to support their 
own weight, carry loads placed on them, and maintain their balance. In short, 
designing architectural robotic artifacts demands an understanding of the needs 
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and wants of human users engaged in routine activities and episodic events, 
as well as the broad and deep knowledge required for the development of 
responsive, larger-scaled, cyber-physical artifacts that will operate in close 
proximity to human beings and be characterized by the movement of physical 
mass (those bits).

The complex interdependencies of architectural robotics—between the 
designed cyber-physical artifact and the human needs and wants it supports—
typify a research problem characterized as “underconstrained.” Undercon-
strained problems (also referred to as “underdetermined problems”) are those 
for which no optimal solution exists. Underconstrained problems are endemic 
to the real-life applications of architecture, architectural robotics, and broadly 
HCI, where human needs and wants, together with the artifact’s specifications 
addressing these, cannot be adequately characterized because of numerous, 
onerous, and often conflicting variables, objectives, and/or stakeholder inter- 
ests. Given their unwieldy nature, underconstrained problems have been 
described by Rittel and Webber as “wicked”: wicked, because such problems are 
often the symptoms of still other problems, and their “solutions” are essentially 
the result of trial-and-error processes (however we strain to control them) that 
cease without an ultimate test of validity, and mostly for reasons external to the 
problem (e.g., constraints of time and money).43

Writing specifically from the perspective of HCI design-researchers, Zimmer-
man, Forlizzi, and Evenson recognize in wicked problems an opportunity not 
only for scientists and engineers but also for creative designers.44 This is certainly 
the case for architectural robotics research, which, by definition, is the hybrid 
of two paradigms: architecture (and its allied design fields) and robotics (and 
its allied computing and engineering fields). Given that “design,” as noun and 
verb, implies a seemingly unbounded range of artifacts and actions, care must 
be taken, indeed, with any terminologies containing it, starting with the word 
design itself, by which we mean the creative design activity performed by the 
likes of architects, graphic designers, and industrial designers, compared to the 
design activities performed by, for instance, software developers and mechani-
cal engineers intended either for commercialization and/or to meet an explicit 
set of specifications. By “design research,” we mean a research endeavor aiming 
to literally produce knowledge: to create artifacts through a careful process 
of making (i.e., designing, prototyping, and testing) that is itself a contribution 
to knowledge, manifested as “design precedents” (for architects) or as “design 
exemplars” (for HCI researchers).45 The iterative design process is, in turn, 
informed by “design thinking,” which involves, to borrow terms from Zimmerman 
and colleagues, grounding (an understanding of the problem, gained by drawing 
on multiple perspectives), ideation (the generation and evaluation of alternative 
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18 Chapter 2

design solutions), iteration (the iterative process of “refining a concept with 
increasingly fidelity”), and reflection (a meticulous documentation of the design 
process and an evaluation of its outcomes “in a way that the community can 
leverage the knowledge derived from the work”).46

Following from the consideration of wicked problems by Zimmerman and 
colleagues and the larger HCI community, it is the “wickedness” of real-life 
applications of architectural robotics that brings together creative design rooted 
in architecture, and robotics rooted in engineering and science. Too frequently, 
human problems and opportunities have been addressed from an engineering 
and science perspective seeking a “technical solution.” While engineers and 
scientists play indispensable roles in responding to underconstrained human 
problems, we wish to emphasize, specifically for architectural robotics, the 

“opportunity for design researchers,” as recognized by Zimmerman, Forlizzi, and 
Evenson “to provide complementary knowledge to the contributions made by 
scientists and engineers through methods unique to design and design pro-
cesses.”47 Indeed, architectural practice has been defined for millennia by the 
integration of art and technology—the two buzzwords used to describe a new 
flavor of interdisciplinary academic programs offered by research universities 
that also form, for primary and secondary education, the current revision of 
STEM as STEAM (science, technology, engineering, art, and math).

It is the collaboration of engineers, scientists, and creative designers of various 
kinds that arguably offers the most promising conditions for an architectural 
robotic response to the most wicked problems of living today. In this collabora-
tion, however, it is the role of the creative designer that is most unclear and 
warrants more clarification. In “Designing as a Part of Research,” Pieter Jan Stap-
pers inventories the virtues designers bring to research pursuits that, I would 
argue, extends to architectural robotics. These include, for Stappers, “the ability 
to integrate findings from different disciplines; to communicate with experts of 
different disciplines; to keep in mind the interests of all different stakeholders 
(e.g., user, technology, business); to take decisions and make progress in the 
light of incomplete information; to maintain a focus on the aim.”48

“The aim,” Stappers contends, is the “prototype,” which serves “as a kind of 
working hypothesis, not necessarily a static one that is tested and refuted or 
proven to be ‘true’; but possibly a dynamic one that is adjusted, grown, and 
shown to work.”49 Striving to address the wicked problems of living today, the 
artifacts of architectural robotics—prototypes viewed as working hypotheses 
as much as solutions—benefit from tethering the line between art and sci-
ence, architecture and engineering. Consequently, the promise of architectural 
robotics is not the isolated object but instead a cyber-physical environment that 
supports and augments an increasingly digital society. An architectural robotic 
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environment that cultivates interactions across people and things has the 
potential to cultivate places of social, cultural, and psychological significance 
within our complicated, complex, and wondrous world.

THIS BOOK

This book focuses on architectural robotics of modest, physical scale; that is, 
cyber-physical artifacts larger than those typical of tangible computing, and 
smaller than the outcomes typical of architectural practice. The consideration of 
architectural robotics is illuminated by stories and metaphors: tropes that help 
communicate the essence and reach of architectural robotics. The epilogue of 
this book considers, finally, an architectural robotic “future,” scaled-up as cyber-
physical neighborhoods, villages, and metropolises.

Specifically, this book focuses on architectural robotics at the physical scale 
of furniture, workstations, and rooms. Three research projects are elaborated 
in detail in three book parts devoted to them—the efforts of my research lab at 
Clemson University. Contextualized in a variety of ways, these three cases are 
early design-research exemplars of three typologies for architectural robot-
ics, each of which defines a chapter of this book and also anchors one of its 
three parts. In addition to the three case studies, the book considers the cor-
responding motivations, theories, interaction modalities, and technologies that 
further define the three typologies, which are introduced in the following three 
subsections.

The Reconfigurable Environment (“Makes Room for Many Rooms”)
Essentially Alexander’s concept of “compressed patterns,” where all of the func-
tions of a typical house occur in the space of a single room, the reconfigurable 
environment is a malleable, adaptive environment specifically dependent on 
moving physical mass to arrive at its shape-shifting functional states. The case 
study for this part is the Animated Work Environment, a robotic work environ-
ment that dynamically shapes and supports the working life of multiple people, 
collaborating together in a single physical space, who use digital and analog 
tools in the creation of digital and physical artifacts. The foci of this chapter are 
(with respect to technology) kinematics and (with respect to human-machine 
interaction) cyber-physical configuration patterns conducive to working life 
in an increasingly digital workforce. The remarkable feature of the reconfig-
urable environment typology is that a single physical space makes room for 
multiple functional places supporting and extending human activity: “one space, 
many rooms.”
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The international Max Wertheimer Lectures organized by the author at 
the Johann-Wolfgang-Goethe University in Frankfurt am Main during 
the period 1994–2003 were devoted to the discussion of present-day 
a dvances based on Wertheimer’s multifaceted work on perception, cog-
nition, and thinking. Leading experts from four countries were invited, 
most of them from the United States or Germany, but also one each from 
Israel and England: Stuart Anstis, Detlev von Cramon, Patricia Goldman-
Rakic, Klaus-Peter Hoffmann, Ruth Kimchi, Christof Koch, Michael 
Kubovy, Mortimer Mishkin, Ken Nakayama, Karl Pribram, Robert 
Sekuler, Wolf Singer, Lothar Spillmann, Anne Treisman, Michael Wert-
heimer, Gerald Westheimer, Semir Zeki, and Josef Zihl.

The Max Wertheimer Lectures were governed by a caveat adopted 
from Wolfgang Köhler, who had warned that human cognition — and 
even scientific judgment — may easily fall into such simplistic dichoto-
mies  as nature–nurture, mind–body, holistic–atomistic, experimental–
theoretical, and other tempting polarities in psychology. Whereas the 
Lectures tended to avoid such extreme dichotomies, they provided 
thought-provoking exchanges towards a better understanding of the 
p sychological and neurophysiological issues involved in modern Gestalt 
theorizing (e.g., Sekuler, 1996; Westheimer, 1999; Gepshtein, Elder, & 
Maloney, 2008; Kimchi, 2009; Bhatt & Quinn, 2011a,b).

Final Remarks

Wertheimer’s (1912, 1923) two seminal articles on seen motion and per-
ceptual organization paved the way not only for the development of one 
of the most highly visible “schools” in psychology, but also for much cur-
rent research in twenty-first century cognition, neuroscience, psycho-
physics, and other areas. Present and future generations of psychologists 
and cognitive neuroscientists may judge Wertheimer’s work as fruitful 
but unfinished or merely programmatic. While his experimental research 
did not result in a finished, definite theory, it continues to highlight the 
serious deficiencies of an “atomistic” theory or “mechanistic” model of 
human and animal perception and cognition.

Modern researchers are now aware of the relational nature of all 
p erceptual processes and their higher-order organization into cognitive 
systems (the “top-down” approach). Higher-order motion perception in 
humans and animals, including apparent motion, is now recognized as 
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