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What Matters? is wonderful and highly innovative human factors book. It is a treasure
cove of insights that will grow on the reader. John Flach and Fred Vorhoorst embrace
the premise that in order to design good artifacts we need good theories rather
than cook book style recipes. The theories advocated in this book bring together
ecological psychology and linear systems engineering. What matters? probes into the
other, fundamental side of usability and will have a lasting impact on human factors
designers.

Prof. Dr. Heiko Hecht, Professor of Experimental Psychology at
Johannes Gutenberg University at Mainz.
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More trees and shrubs and groves. It's getting warmer. Chris hangs onto my shoulders now
and I turn a little and see that he stands up on the foot pegs.

“That’s a little dangerous,” I say.

“No it isn't. I can tell.”

He probably can. “Be careful anyway,” I say.

After a while when we cut sharp into a hairpin under some overhanging trees he says,
“Oh,” and then later on, “Ah,” and then, “Wow.” Some of these branches over the road are
hanging so low they're going to conk him on the head if he isn’t careful.

“What's the matter?” I ask.

“It’s so different.”

“What?”

“Everything. I never could see over your shoulders before.”

The sunlight makes strange and beautiful designs through the tree branches on the road.
It flits light and dark into my eyes. We swing into a curve and then up into the sunlight.

That’s true. I never realized it. All this time he’s been staring into my back. “What do
you see?” I ask.

“It’s all different.”

We head into a grove again, and he says, “Don’t you get scared?”

“No, you get used to it.”

After a while he says, “Can I have a motorcycle when I get old enough?”

Robert Pirsig (1974, p. 422)




Preface

Why Read this Book?

“We become what we behold. We shape our
tools and then our tools shape us.”

- Marshall McLuhan -

This book is in part inspired by Pirsig’s
book, Zen and the Art of Motorcycle
Maintenance, which I have read repeatedly
over a span of over 30 years. During that
time I have been teaching in psychology
and engineering departments in the field
of Engineering Psychology. Essentially, this
is studying the performance of humans
interacting with complex technologies
(e.g., piloting aircraft, minimally invasive
surgery, managing emergency operations).
This work is motivated by a basic interest
in human cognition and by the hope that a
better understanding of cognition might
lead to practical design improvements (e.g.,
increased safety).

In the course of this work, I have come to

the conclusion that many of the conventional

assumptions that have been made about the
relations between mind (e.g., mental activity
like decision making) and matter (physical
activity like vehicle motion); and about the
relations between science and art create gaps
between cognitive science and engineering/
design that are difficult to bridge. In Pirsig’s
book, and specifically in his Metaphysics of
Quality, I have discovered alternatives to
these conventional assumptions that I believe
may help to bridge or even eliminate some of
these gaps.

I have also discovered that these ideas
are notunique to Pirsig. Theseideas have roots
at the beginning of the science of Psychology
with people such as William James, Charles
Sanders Peirce, and John Dewey. And
these ideas are being rediscovered and
articulated in new constructs associated with
ecological psychology, situated or embodied
cognition, cognitive systems engineering,
experience design, and the dynamics of self-
organization.

Most
to the conclusion that the dynamics of

significantly, 1 have come
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human experience and rationality are best
characterized in terms of Peirce’s construct
of Abduction. This is in contrast to more
conventional approaches that use the
normative standards of traditional logic
as a benchmark for assessing the quality of

human thinking and problem solving.

It has been over 100 years since the
establishment of psychology as a science,
and the field continues to evolve as cognitive
and neuro-sciences. However, despite this
history, we still know surprisingly little
about every day human experiences and how
people use ‘common sense’ to successfully
muddle through life. The goal for this book
is to explore the intersections of mind and
matter and to offer some hypotheses about
‘what matters’ to people in everyday life,
and about what should matter to scientists
and designers who are seeking to design
products that improve the quality of that life.

In his book, Pirsig draws a contrast
between two types of motorcycle riders.
On the one hand are the people who take
responsibility for maintaining their own
bikes. These people take responsibility and
even pleasure in acquiring the tools and
skills needed to maintain and repair the
bike. On the other hand, there are the riders
who enjoy riding the bike, but who take no
interest in learning how to maintain and
repair the bike. When the bike breaks down,
these people are often frustrated by the need
to trust the expertise of others (e.g., a paid
mechanic) to do the repair.

I take the motorcycle as a token representing
all technologies. And I believe that Pirsig
is using the relation between people and
their bikes as a metaphor for the general
relationship between people and technology.
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All of us are dependent on technologies to
some extent in order to get where we want
to go, (i.e., achieve satisfaction in life). Yet,
few of us have any interest in knowing how
the technologies that we depend on (e.g.,
the computer, the internet, the smart phone)
work. We tend to look to others (e.g., the
geeks) to bail us out when things breakdown
as they inevitably do.

Pirsig seems to be suggesting that
this state of dependence on a technology
that we don’t fully understand can lead
to an existential crisis. This is because the
technology is not something ‘out there’
disconnected from who we are. Rather,
the technology is a fundamental part of
who we are. Thus, an ignorance about
the technologies that we depend on is an
ignorance about ourselves. This leads to
a schism between our experiences and
the reality of who we are. A split between
mind and matter that makes it difficult to
appreciate what matters.

Another contrast that Pirsig draws is
between those who drive the motorcycle
- looking forward and determining the
future and those who ride on the back - the
passengers, who see only where they’ve been
and who have little say about where they are

going.

I take the motorcycle driver as a token
representing the innovators who are creating
the new technologies (e.g., Steve Jobs). And
the passenger is a token for the rest of us, the
consumers of the technology, who will be
carried along and changed by the technology,
but who may have little to say about what
road to follow next. There is no choice in this
matter, we are all on the same bike. Thus,
changes in technologies will change who we
are - whether we are passengers or drivers.



This book is written for both the drivers
of the motorcycles and the passengers. In
particular, there are two types of drivers that
I hope to reach with this book. One type of
driver is the designer/technologist. These are
the people who know how the technologies
work and these are the people who will have
the most direct control over which road we
take. The message for them is that it is not
enough to know the technology, but they
must also be guided by an understanding
of other aspects of human experience. They
need to make choices that are informed by an
understanding of cognition and emotion. It is
important for them to appreciate that every
new design is a hypothesis about humans -
about how they think and about what will
make them happy!

The other type of driver is the cognitive
or social scientist (of which I am one). Our
impact on the direction of travel is less direct,
but relevant nonetheless. Many designers
and technologists will look to us, the social
scientists, to help them understand human
experience. The message for my fellow social
scientists is that we need to understand
that every design is a potential test of our
theories. Additionally, it is important for
us to understand that whether intended or
not, our theories will impact the trajectory
of technologies. So, we have a social
responsibility to frame our theories in terms
that make the practical implications of these
theories explicit.

The goal is to provide a framework for the
two types of drivers, the technologists and
the social scientists, to collaborate. This is
motivated by the belief that the experience
of driving the motorcycle has emergent
properties (or in Pirsig’s terms: qualities) that
cannot be fully appreciated or understood

from a perspective that considers the riders
as objects independent from the bikes (the
conventional social sciences); or from a
perspective that considers the bikes as objects
independent of the riders (the conventional
engineering sciences).

For example, who owns the question:
“what makes a motorcycle beautiful?” Is
this a question for the social scientists or for
the engineers/designers? We might even
take Don Norman’s suggestion and ask “Do
beautiful motorcycles work better or lead to
better experiences?” This is where science
might learn something from the artists. But
I suspect that satisfying answers will not
be found in either the domain of the social
scientist (looking inside the eyes/heads of the
riders) or in the domain of the technologists
(looking into the guts and forms of the bikes).
I believe that both engineering/design and
basic science will benefit by closing the gap
that currently separates the arts or applied
disciplines from the pure or academic
disciplines.

But this book is not just for the drivers. One
of the themes throughout Pirsig’s book is the
tension between Pirsig (the driver) and his
son (the passenger). Ultimately, the tension
is resolved when the son stands up on the
back of the motorcycle to look over Pirsig’s
shoulder and see where the motorcycle is
going. A fundamental goal of this book is
to allow anyone who is curious about the
trajectory of the motorcycle to look down
the road, so that they can see and perhaps
participate in a dialog with the technologists
and scientists to decide what direction we
should be going.

All of wus, technologists, designers,
cognitive scientists, economists, consumers,
etc. are riding on the same bike. Whether
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we are innovators, early adopters, or the
last to embrace the new technologies, the
technologies are changing and will continue
to change our lives - to change who we are!
We have a choice. We can be the person who
embraces the challenges associated with
learning the technologies and how they
change us. Or we can sit on the back and trust
others to create who we will eventually be!
This book is my attempt to extrapolate
from Pirsig’s Metaphysics of Quality to make
some hypotheses about what a pragmatically
oriented cognitive science might look like.
The goal is to frame a cognitive science that
will better address the dynamics of common
sense (i.e., abduction) and that will be useful
in making decisions about the design and
use of advanced information technologies.
In a sense, my goal is to bring a bit more art
and creativity to cognitive science - to take

the science out of the laboratory and ground
it in the pragmatics of everyday human
experience.

I also hope to bring a bit more science
to the art of design innovation. Technologists
need to be more mindful of the impact of
these technologies on human experiences.
As a society, we need to be more deliberate
in our choices of what roads we go down. We
need to consider both what we can do, and
what we should do. It is also important that
our experiences with practical innovation
can feedback to inform basic theories about
cognition.

Thus, this is about a new way to think
about who we are and who we are becoming.
It is a new way that explicitly acknowledges
the important role of the motorcycle and
the intimate connections between mind and
matter that ultimately shape What Matters!

Design of the Book

One of the eccentric features of the book is
the use of cartoons that are drawn by Fred
Voorhorst. This reflects our belief that words
alone are not sufficient to tell the story we
want to tell. The cartoons help to dampen
my tendencies to be the erudite professor! It
is sad that today the adjective ‘academic’ is
a pejorative term that typically means ‘not
relevant to everyday life” We are hoping
that this book will be more than an academic
exercise. We are hoping that this book will be
of interest to a broad audience of people who
are curious to discover new ways to think

about human experience.

X1v

Unfortunately, publishers are not so sure
about this. The textbook publishers are
nervous about the cartoons. They wonder if
this is a serious book. The trade publishers
are OK with the cartoons, but they are
whether
would be interested in this book. To them,

skeptical about nonacademics
the intersection of cognitive science and
experience design seems like a set containing

very few customers.

Part 1 provides the metaphysical foundations
I know
you are thinking, here comes the ‘academic’

for thinking about what matters.

mumbo jumbo. However, the goal of this



section is to turn philosophy on its head. To
shift the focus from searching for ‘absolute
truths’ toward a practical philosophy relevant
to everyday living. Chapter 1 considers
what a practical reality looks like. Chapter 2
explores the paths to discovering this practical
reality. Chapter 3 focuses on the pragmatics of
meaning to consider how we learn to see the
world as it is. Finally, Chapter 4 introduces
three constructs that span the gap between
mind and matter to reflect what matters.
These constructs are satisfying, specifying,
and affording. Each of these constructs
reflects relations between mind and matter
that are critical to understand the dynamic of
successful adaptation.

Part 2 explores the dynamics of the coupling
between perception and action. Everyday
life is about adapting to the world in order
to achieve satisfaction. This is a closed-
loop dynamic in which people adjust their
actions to be consistent with the demands
of situations. At the same time, their actions
are reshaping the situations. The goal for this
section is to illustrate that the typical scientific
language of explanation (i.e., cause and effect)
will not work. In a circular coupling, there
is no temporal ordering in time that will
allow specification of causal relations. The
interaction of mind and matter cannot be
isolate in time, the interaction happens over
time.

Chapter 5 looks at abduction as a
model for the logic of common sense. This is
contrasted with classical models of deduction
and induction that are framed independently
from the context of everyday life. Chapter 6
considers the dynamic of adaptation from the
perspective of development and learning. It
introduces the construct of self-organization.
Chapter 7 considers the dynamic of adaptation

from the perspective of control. The focus is on
how constraints associated with affording and
specifying shape the capacity for satisfying.
Chapter 8 considers the dynamic of adaptation
from the perspective of observation. The focus
here is on how the constraints on affording
and satisfying are specified.

Part 3 explores the dynamic of adaptation
in the context of everyday problem solving.
This section explores how we use experience
to guide the choices we make and how we
learn from the consequences of those choices.
A central theme in this section is that life
is not about making the right choices, but
rather it is about making the choices right.
In other words, achieving satisfaction is not
about a decision isolated in time, but about
an extended process of muddling through.
Chapter 9
overview of how people muddle through

provides a general
to make choices work. Chapter 10 contrasts
conventional thinking that measures human
rationality in relation to the prescriptions
of context free, mathematical logic, with an
ecological approach that measures human
rationality in relation to the practical
constraints of everyday life. Chapter 11
focuses on the constraints of situations and
how the representation of these constraints
matter for understanding human problem
solving. Chapter 12 considers the role
of emotion as an intrinsic property of
adaptation in everyday life. We make the
case that emotions are essential to making

choices right.

Part 4 extends the scope a bit and then
tries to tie everything together. Chapter 13
explores some alternative ways to visualize
the dynamics of experience. State space
representations are suggested as a way
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to represent trajectories over time. A key
consideration is to choose an alphabet for
specifying functional ‘states’ of experience.
Chapter 15
sensemaking. We make the case that the

considers  organizational
dynamic of adaptation is similar at the
organismic and organizational level. Chapter
14 considers the wisdom of experience. In Part
3 we reject the prescriptions of mathematical
logic as appropriate norms for rationality. In
this chapter we making hypotheses about
possible norms for gauging good thinking.
In Chapter 16 we sum up the main points
and present our hypotheses about the
implications for cognitive science and the
design of technology.

Writing this book has been a very satisfying
journey for me. Whenever I got a new
cartoon from Fred, my day was brightened!
The cartoons were an important part of the

XvlL

dynamic of writing that in part shaped the
cartoons and in part was shaped by the
cartoons. The book has turned out quite
differently from the book I had in mind
when I started. In many respects, the book
has self-organized and emerged over time
as my thinking was shaped by writing and
by living. The hardest part was letting go,
because my journey continues and my
thinking continues to change.

However, it is necessary that I let go to
see if some of the ideas can fly on their own.
Now the book is in your hands. T hope that the
ideas will be reshaped by your experiences in
ways that I can’t even imagine. The ultimate
success of this book will depend on what you
create next. I can’t wait to find out!

John Flach



ALL MY ENOWLEDGE OF THE WORLD, EVEN MY SCIENTIFIC
ENOWLEDGE, |15 SAINED FEOM MY SWN PARTICUL-AR POINT OF
VIEW, O FROM SOME EXPERIENLE OF THE WORLD WITHOUT
WHICH THE SYMBOLS OF SCIENCE WOULD BE MEAMINGLESS.

LY

THE WHOLE UNWERSE OF SCIENCE IS BUILT UPSON THE
WEORLD AS DIREATLY EXPERIENCED, AND IF WE WANT T&
SUBJELT SEIENCE ITSELF TO RISSROUS SCRUTINY AND

AREIVE AT A PRECISE ASSESSMENT OF ITS MEANING AND
SCOPE, WE MUST BESIN BY REAWAKENING THE BASIC
EXPERIEMCE OF THE WORLD OF WHICH SCIENEE IS A
SELOND-LRDER EXFRESSION

1 |

SCIENCE HAS NOT AND MEVER WILL HAVE, BY ITS
MWATURE, THE SAME SISNIFICANCE QUA FORM OF
BEING AS THE WORLD WHICH WE PERLCEIVE, FOR
THE SIMPLE REASON THAT IT IS A RATIONALE &R
EXPLANATION OF THE WORLD.

\y

Merleau-Ponty, M. (1945). Phenomenology of perception. London: Routledge Classics
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Chapter 1

The Reality of Experience

Consider two major innovations that have
transformed human experience - the
airplane and the graphical user interface. In
the case of the airplane, how was it that the
Wright Brothers, two bicycle shop owners
with minimal formal education, were able
to succeed where the more conventional
scientists and engineers of the day failed
(e.g., Samuel Pierpont Langley and Octave
Chanute). In the case of the graphical user
interface, how was it that the engineers at
Xerox’s PARC' research center (e.g., Alan
Kay, Butler Lampson, Charles Simonyi,
Robert Taylor, Charles Thacker) and later
Steve Jobs were able to imagine potentials
for using computers that the executives at
Xerox and many others could not??> What
about the iPhone? Steve Jobs did not invent
any of the technologies that made either the
graphical user interface or the smart phone
possible, yet he and a few others were able
to imagine potentials for integrating these
technologies into products that changed
human experience in fundamental ways?®.

An important factor that differentiated these
innovators from their peers was the fact that
they framed what others saw as problems
of technology as problems of human
experience. Where Langley was designing
Wright Brothers

exploring the experience of flight, which

an aircraft, the were
they understood to center on the ability to
control the aircraft’. They did not ignore
the aerodynamic problems associated with
generating sufficient lift, but they understood
that it was not simply about getting off the
ground. The Wright Brothers’ patents are
not on the aircraft per se, but on the control
system. They designed their plane around
the piloting function.

When
specialized

most saw computers as

scientific instruments, the
engineers at PARC and Steve Jobs were
exploring how the power of computers could
shape the everyday experiences of managing
and exploiting information (in both the office
and the kitchen). In both cases, the aircraft

and the graphical user interface, the focus on



putting the human in control was a critical
source of inspiration!

These innovators were able to imagine
integrations of technology and human
experience that their contemporaries did
not. These innovators were able to see past
conventional images of mind and matter
to more fully appreciate ‘what matters.’
Thus, an important step toward innovation
in the design of advanced technologies is
innovation in our understanding of human
experience and a deeper appreciation of the
relations between mind and matter.

There is no recipe or easy path to
innovation. There is no simple explanation
for the genius of the Wright Brothers or
of the scientists and engineers at PARC.
Why aren’t the things that appeared quite
obvious to these modern eccentrics more
obvious to others? Perhaps the conventional
ways of thinking about humans (mind) and
technology (matter) are obstacles to these
insights. Is it possible that contemporary
science and engineering are grounded in
assumptions and/or traditions that make it

PECSPLE @ET TRAPFED N THIMKIMNG THAT ANy THIMG
IN THE ENVIRSWMENT IS A &IVEN. IT'S PART &F THE
wlay OUR MERVOUS SYSTEM WoRKS

BUT IT IS5 DANGEROUS TO TAKE IT AS A &IVEN BECAUSE
THEN IT CONTROLS YOU, RATHER THAN THE OTHER wWaY
AROUND. THAT'S MELUHAN'S INSIGHT, ONE OF THE BlGER

OMES M THE TWENTIETH CENTURY

difficult to imagine and difficult to realize
the possibilities that these eccentrics were
able to imagine and realize? The point of this
book is to open your imagination and your
heart to consider new ways to think about
human experience with the hope that this
might open new paths to innovation.

We are quite lucky to be living at a
time when the elemental components for a
new way to think about ‘what matters’ are
all around us. None of the particular ideas
in this book are new and in fact many of
the ideas have been around for quite some
time. However, there is an opportunity to
integrate these components, in a smarter
more elegant way. The hope for this book
is to repackage elements from our sciences
of mind and matter into a more coherent
narrative about ‘what matters.” The hope is
that this integration will be a springboard for
creativity in both science and design. To start
the discussion, consider some of the most
basic assumptions that shape (or bias) our
understanding of our world and ourselves.

ZEN IN THE TWEMNTIETH CENTURY IS ABOUT TAKING THINGS
THAT HAVE BEEN RENDERED INVISIBLE BY THIS PROCESS

AND TRYING TO MAKE THEM VISIBLE ASAIN

Alan Kay’



Meta-Science

Readers with a background in science and technology may find it implausible that philosophical

considerations have practical relevance for their work. Philosophy may be an amusing

diversion, but it seems that the theories relevant to technological development are those of the

hard sciences and engineering. We have found quite the opposite. Theories about the nature of

biological existence, about language, and about the nature of human action have a profound

influence on the shape of what we build and how we use it°.

Philosophy or metaphysics is the last thing
that most STEM’ students are interested
in at the start of their careers. For example,
students pursuing careers in the cognitive
sciences are anxious to start collecting data
to empirically test specific hypotheses about
human performance to learn how the mind
works. For students in engineering and
design, they are eager to start building things
to test their intuitions about how technology
works and to explore the potential for
new innovations. However, whether you
mindfully make metaphysical choices or
not, your work is guided by metaphysical
about  the
nature of reality (i.e., an ontology) and the

assumptions fundamental

PLEASE READ THE M) YU READ THE
HORIZONTAL LIMNE VERTICAL LINE —
= : B el ]
: e =

fundamental limits of your ability to discover
that nature (i.e., epistemology).

In the preceding cartoon, the figure
at the intersection of the column and row
on the blackboard is given three different
interpretations:

1) the letter “B”,
2) the number “13”, or

3) an “ambiguous” object.

Are any of these interpretations more or
less real than the others? Are some of these
What
person’s preference for a particular smart

interpretations  illusions? about a

phone, the sense of quality associated with

YE&H.-
FOU wWSULD
| THIMNE somESHE
HIS ASE COULD

TELL THE

LIFFEREMEE
BETWEEN '8
AWD L

SILLY OLD MAN!




a well designed hand tool, the frustration
associated with a poorly designed web
interface, or the emotions elicited by a
beautifully designed Zen garden? Are these
experiences real? Or are they epiphenomena
associated with underlying neural networks?

Conventionally, the interpretations
of the two boys in the cartoon have
while the

interpretation of the teacher has been

been attributed to illusions,
considered to be a concrete fact — to be real®. If
you are totally comfortable with that, then the
point of this book is to disturb that comfort
and to challenge some of your assumptions.
Consider the possibility that ‘B” and ‘13" are
both as real as the teacher’s interpretation
of an ambiguous figure. The lesson of this
example is that context matters with respect
to the reality of human experience. Not just
the spatial context of the adjoining figures,
but also the experiential history of the

people with alphabets and numbers (and
with illusions). Reality involves the extended
experience over space and time, not the
isolated ambiguous figure. Each response
reflects a different context — but there is no
sense in which any of the contexts are more
or less real than the others.

If you are not willing to change your
assumptions, at least carefully consider the
assumptions that underlie your -choices.
The fundamental hypothesis of this book is
that conventional assumptions about mind
and matter have become obstacles to the
development of cognitive science and to the
practical application of cognitive science to
the design of technology. A premise of this
book is that what matters is fundamental, and
that the constructs of an objective matter and
a disconnected mind are abstractions from
this fundamental reality.

"METAPHYSICS MEANS
SHNLY AN UNUSUALLY
CBSTINATE ATTEMPT TS
THINE CLEARLY AND
CONSISTENTLY!

aees AS SOON AS ONE'S PURPOSE IS THE ATTAINMENT OF
THE MAXIMUM OF POSSIBLE INSKEHT INTO THE WSORLD AS A
WHOLE, THE METAPHYSICAL PUZZLES BECOME THE MOST

Quoted from William James “Psychology "



Ontological Perspectives

Living a human life is a philosophical endeavor. Every thought we have, every decision we

make, and every act we perform is based upon philosophical assumptions so numerous we

couldn’t possibly list them all. We go around armed with a host of presuppositions about what

is real, what counts as knowledge, how the mind works, who we are, and how we should act™.

The cartoon on the front plate for this chapter
illustrates four different assumptions about
the fundamental nature of reality — or, in
other
positions. The goal for this chapter is to

words, four different ontological
introduce these different positions, so that
you can be aware of the assumptions that
are entailed. Hopefully, this awareness will
facilitate clarity of thought and will help
to cut through some of the fog and friction
that make collaboration across disciplines so

difficult.

The first three ontological positions are well

illustrated by the Venn diagram in Figure 1.1.

One circle in this diagram represents mental
phenomena - associated with constructs
of Mind. The second circle in this diagram
represents physical phenomena — associated
with constructs of Matter. The ontological
question, in terms of Figure 1.1, is: which

Mind

Figure 1.1

parts of this Venn diagram reflect aspects
that are fundamental to the nature of reality?

One position is that nature is
fundamentally composed of Matter. This
position is typically referred to as Materialism.
This
anything outside the Matter circle is an

ontological position assumes that
epiphenomenon that will ultimately be
discovered to arise from elements within the
Matter circle. Paul and Patricia Churchland
represent a modern variation on this view
— Eliminative Materialism". In this view, the
aspects of Mind that fall outside the Matter
circle represent a kind of ‘folk psychology’
that will be found to be unscientific. In other
words, this ‘folk psychology’ is a derivative
from more fundamental properties of matter.
Thus, typically
answers to nature’s puzzles in the properties

materialists search for

of matter — in the chemical properties of the
tea interacting with the biological properties

Matter

Mind or matter, which matters when it comes to a scientific basis for explanation?



YouU ENOW,; T coULD IMASINE
A BISCUIT...

THAT IS YOUR
WEURAL MET
SPEAEING----

-=x BT LEAST
THAT'S WHAT
BEALLY MATTERS

WHATEVER MATTERS, T CAN STILL
IMASINE A BISCUIT-.-

Paul and Patricia Churchland

of the brain. For example, many cognitive
scientists prefer the label ‘neuroscientist,’
because they assume that the answers to
psychological questions will ultimately be
grounded in the properties of the brain (e.g.,
neural networks). Similarly, many designers
and engineers dismiss input from the ‘soft’
sciences as too ‘fuzzy’ or as simply a matter
of ‘taste’ or ‘marketing.” They prefer to
address the ‘user experience’ in terms of
simple empirical questions framed as use-
ability studies in the final phase of the design
process.

A second ontological position is that each
circle in the Venn diagram represents a
fundamentally different kind of phenomenon,
and that a complete understanding of
nature requires an understanding of these
two, different realities. In other words, each
circle is important. This position is known
as Dualism and it is typically associated with
Rene Descartes. The implication of this is
that there may be a need for two different
kinds of sciences: one, prototypically physics,
for dealing with the ultimate reality of
Matter; another, prototypically psychology,
for dealing with the ultimate reality of Mind.

This position asserts that the phenomenon
of Mind cannot be reduced to physics, and
that the phenomenon of Matter has a reality
that is independent from that of Mind. This
is summarized in the commonly repeated
quip attributed to the philosopher, George
Berkeley: “What is mind? No matter. What is
matter? Never mind.” This dualistic ontology
dominates Western culture.

One of the challenges for a dualistic
ontology is to explain the nature of the
interactions between Mind and Matter.
How does the reality of Mind come to
know the reality of Matter? This raises the
issue of information processing. How do
properties of the physical tea communicate
with the sensory and cognitive systems to
produce a ‘taste’ or a feeling of ‘satisfaction?’
Does it depend on logic — the world of
matter is inferred based on partial cues
from experience (e.g., Richard Gregory’s
Constructivist approach to perception'?)?
Or is our knowledge of the material world
empirically grounded in the dynamics of
(e.g.,
Realist approach to perception'®)?

perception-action James Gibson’s
The problem of linking the properties

of mind with the properties of matter is



typically referred to as the correspondence
problem. As Winograd and Flores observe,
the ‘rationalist tradition’ that has shaped
cognitive science has tended to sidestep
the correspondence problem - that is
assuming correspondence and then focusing
exclusively on the ‘rules’ governing the
relations among objects of the mental
representation:

Rationalist theories of mind all adopt some
form of ‘representation hypothesis,” in
which it is assumed that thought is the
manipulation of representation structures
in the mind. Although these representations
are not specifically linguistic (that is,
not the sentences of an ordinary human
language), they are treated as sentences in
an ‘internal language™*

A third typically
referred to as Idealism, assumes that reality

ontological position,
is based exclusively in Mind. In terms of the
Venn diagram, this suggests that there is no
reality outside of the circle of Mind. Idealism
has historical roots, through Plato to early
explorations in mathematics associated with

irrational numbers like Pi. An irrational
number has no concrete specification, yet
it is fundamental to concrete objects like
circles. From the idealist position, the
concrete circles that we experience in our
everyday lives are imperfect realizations of a
more basic reality that can only be accessed
through mathematics. In Plato’s terms our
experiences in the physical world are mere
shadows on the cave wall that correspond
to a reality based on a rational ideal (e.g.,
mathematics).

Thus, for the

numbers like Pi, that are impossible to

idealist, irrational
realize materially (i.e., because it would
require an infinite number of decimal places),
may be more fundamental to reality than
the material approximations that we can
experience directly. In essence, the rational
rules that govern the representations (e.g.,
mathematical or mental) are considered to be
the ultimate grounding for reality.

A modern variant on an idealist view
is phenomenology (e.g., Edmund Hussrl,
Martin Heidegger). Phenomenology focuses
on the mind as a fundamental key to
reality. Constructs like ‘being in the world’
‘consciousness,’

‘intentionality’” ‘meaning’

AAAH--- HET TEA,

@]

o

Qs

| BUT IS IT REALLY TEAT DOES IT EXISTT

OR AM T JUST THINKING IT IS TEAT .

WHATEVER T IS, AT
LEAST BY NOW IT IS
DRINKABLE

AND EVEM IF T AM
THINKING IT IS TEA, DOES
THAT CHANGE SOMETHIMG
ABOUT WHETHER IT IS TEA

ALL THAT
THIMNKING... AND T STILL
DO NOT KNOW F T 1S
BEAL O NOT

René Descartes



‘qualia’ or ‘throwness’ become fundamental
constructs to be understood as the basis for
our beliefs about the world of matter. The
representations in the mind - the sentences
of our internal speech become the most
fundamental basis of experience.

Thus, for the phenomenologist the ‘taste of
the tea” may be more fundamental than the
chemical composition of the tea; and in fact,
the chemical composition of the tea may
only become ‘real’ relative to the human
experience of that composition. As Winograd
and Flores observe about Heidegger’s
ontology:

The interpreted and the interpreter do

not exist independently: existence is

interpretation, —and interpretation is

existence.”®

Although the idealist ontology may seem
anti-scientific at first blush, consider the
pragmatic constraints on observation. How
is it possible to know a reality of matter that
lies outside the scope of Mind? Practically, we
can’t know what we don’t know, so science is
limited to what we can bring to Mind, what

YoU KENSW, THE

we can imagine. When it comes down to it,
isn’t ‘science’ a system of beliefs or at least
a system for testing and establishing beliefs
(e.g., hypotheses)? This position conflates the
problem of what is real (ontology) with the
problem of what can be known (epistemology)
that will be explored more extensively in
the next chapter. This position is known as
Pragmatism. Historically, this position is a
precursor to a fourth ontological position
suggested by William James. That is the
ontological position of Radical Empiricism'®.

This fourth ontological position is
more difficult to understand relative to the
diagram in Figure 1.1. This view shares some
similarities with phenomenology as it is
motivated by James’ keen curiosity about the
basis for human beliefs. In terms of Figure
1.1 it would be tempting to associate Radical
Empiricism with the intersection of the two
circles. This image suggests that the larger
parts of the two circles that are outside that
sliver are epiphenomena that must ultimately
be grounded in properties of the interaction
between Mind and Matter.

The problem with the Venn diagram in
Figure 1.1 is that William James’ expansive
ontology that considers both Mind and Matter

r._I_'uJﬂ'E HEPIMG T WoULD

TRUE VALUE OF THIS
TEA ONLY COMES
FROM INTERACTION
WITH My SENSES

STIMULATE ANSTHER SONE OF MY
SENSES....

Edmund Hussrl



as parts of a unified ontology is depicted
as a narrow view relative to the other three
positions. It is especially narrow relative to
the dominant dualistic ontology that appears
to provide the broadest view of nature. In the
context of Figure 1.1, the Radical Empiricist
ontology seems to exclude significant parts
of both Mind and Matter as epiphenomena.
But this problem is the result of the culture
that we live in. Figure 1.1 started with a
dualistic assumption by creating two circles,
one for Mind and another for Matter. If you
grew up in a Western tradition, you probably
accepted this, without question, as the most
logical starting point for any discussions of
reality.

In fact, you have probably had some exposure
to the first three ontological positions
(materialism, idealism, and dualism) and
they have probably been presented as the
only three logical possibilities. That is,
ontology is either exclusively based in Matter
(materialism); or it is exclusively based in
Mind (idealism); or we need independent
ontologies for each (dualism). What other
possibility is there? Figure 1.2 illustrates

Mind | Experience | Matter

Figure1.2

a fourth possibility that James imagined.
James did not want to deny any aspects of
the phenomenon of mind or matter from the
sphere of science, but he refused to accept
that there were two realities. He resisted the
temptation to divide science between the
science of mind and the science of matter.
He was searching for a unified science that
would address Mind and Matter- a science of
experience.

Thus, in the earlier cartoon showing the
‘ambiguous’ figure, consider the possibility
that the perceptions of “B” or “13” are not
illusions. Nor are they purely ‘mental” events.
Rather, these perceptions are grounded in
the larger context of the diagram (including
the surrounding figures) and in the larger
experiential context that includes the boys’
social history with alphabets and numbers.
These perceptions are not exclusively matter
(e.g., disconnected physical objects); nor are
they exclusively mind (i.e., unconstrained by
the physical context). These perceptions are
emergent properties that reflect constraints
associated with both mind (e.g., past
experience) and matter (e.g., the physical

arrangement on the board).

Mind and matter, two different depictions that both show two facets of the phenomenon

of nature to be understood as components that are integrated within a unified whole of

experience?



IS THAT A BALL
OR STREET
-JUS-T N-ﬂ-l'l' ONE
MINUTE

This point is also illustrated by Weinberg's
story about the three umpires and how they
called ‘balls’ and ‘strikes’ (the cartoon above).
Is there an absolute ‘truth’ for differentiating
balls and strikes that is independent from
the experience of the umpires? Or perhaps,
the reality of a ‘ball’ or a ‘strike’ is in part
determined by the umpire? Note that the
point is not that ‘balls’ and ‘strikes’ are
arbitrary choices of an individual, but rather
that the awareness of the umpire plays an
important role in shaping the pragmatic
reality of the situation. That pragmatic reality
is what will ultimately determine the success
of the umpire and the outcome of the game.
No matter what the position of the ball, the
umpire’s call will determine the batter’s fate.
But, of course, the umpire’s fate is also on the
line and the stability of his situation depends
on the correspondence of his calls with the
social and physical dynamics of the game.
This was the central question for James and
the early pragmatists (e.g., Peirce): How is it
that our beliefs come to align with the demands of
the game of life? How do mind and matter come
to a stable relation with respect to what matters?

For James the division of sciences with
some, like physics, focusing on ‘objective’
properties of matter (e.g., the arrangement
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- WHEN IT IS OVER THE PLATE AND
'- BETWEEN THE ARM PITS AND KNEES,
IT 1S STRIKE ...

.~

IF IT IS SUTSIDE
THE STRIKE ZOME, IT
IS BALL..

aas IT AIN'T MOTHIN'
Tk T CALL IT!

of the marks on the board, the trajectory of
the ball with respect to the plate) and others,
like psychology, focusing on ‘subjective’
properties of mind (e.g., the relation to the
different letter or number contexts, the
umpire’s call) was a smart tactical choice
for managing the complexity of nature.
However, he saw this division as a temporary
condition for a young science. He assumed
that with maturity, the separate lines of
investigation (the sciences plural) would
eventually converge and work together to
build a unified singular Science to explore
the full range of experience (What Matters)
that included both ‘objective’
associated with Matter

properties
conventionally
and ‘subjective’ properties conventionally
associated with Mind.

Certainly, science has matured
significantly from the time of William
James (1842 -1910). However, it seems that
it is still far from the kind of convergence
that James envisioned. Perhaps it is even
further from that convergence today than in
James’ day, when it was common for great
minds to consider the broader metaphysical
implications of their work. Perhaps, this
is due to the accumulation of data within

specific disciplines. Academic curricula seem



to be increasingly burdened by the need to
cover the accumulated data and there seems
to be less and less time and opportunity
for students to explore across multiple
disciplines, much less to get involved in
the ‘morass’ of philosophy. When gaps are
discovered between disciplines there seems
to be a tendency to fill the gaps with new
even more specialized disciplines.

Despite initiatives from scientific
organizations like the National Science
Foundation to promote cross-disciplinary
collaborations, there seems to be little
patience among engineers and scientists to
engage with the metaphysical assumptions
that shaped and separated the disciplines.
Until these assumptions are engaged, it
may be impossible to bridge the gulfs that
separate the ‘hard’ and the “soft’ sciences; or
the gulfs that separate the ‘basic’ scientists
from the ‘applied’ scientists; or the gulfs
that leave ‘theories of cognitive science’
disconnected from ‘practical problems of
designing user experiences.’

The failure to bridge the gap between
our minds and the things that matter (e.g.,
the qualities of life such as goodness) can

result in a kind of existential schizophrenia

AH.. MY NEW
BOX OF BISCUITS
ARRIVED

BUT I DO NOT
UNDERSTAND THE
SHOP.

as insightfully describe by Robert Pirsig
(Zen and the Art of Motorcycle Maintenance,
Lila). On the one hand, the products
of the hard sciences (e.g., the internet)
are becoming an increasingly essential
part of our experience, but rather than
increasing our sense of connectedness with
reality, the result is an increasing sense of
disconnectedness (e.g., an alienation from
the technologies that we depend upon).
While science reveals much about nature,
the price of admission to science often
is that we leave our values (our sense of
morals or goodness) out of the discussion.
Thus, we become more knowledgeable, but
increasingly less intimate. We see more, but
from an increasingly distant perspective. In
the end, we become isolated and lost in a
world that is reduced to cold, hard facts and
we lose the ability to judge what is good for
us and what is bad. Pirsig’s ‘Metaphysics
of Quality” is a modern variant of James’
Radical Empiricism. In Pirsig’s metaphysics,
Quality is a joint function of mind and matter.

In Pirsig’s metaphysics the subjective
qualities (e.g., the goodness of the taste)
are no longer of a different kind than the
objective qualities (e.g., the chemistry of the

WELL ... T JUST HAVE

T £HECK THEM ALL

THEY ALWAYS ASK ME
hJHAT KINDZ" AND T
ANSWER "THE 500D

KIND'.

----AND THEN THEY
LOOK AT ME A BIT
STRANGE, AND JUST
SEND ME AN
ASSORTED SET...

William James
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MAN IS THE MEASUEE &F Alele
THINGS.

MAN 15 NOT THE SERUBCE &F AlL
THINGS, AS THE SUBJECTIVE
IDEALIST WAUL-D SAY. NSE 15 HE
THE FASSIVE SBSERVER OF ALL
THINGS, AS THE SBJECTIVE
DEALISTS AND MATERIALISTS
WEULD SAY. THE GUALITY WHICH
CREATES THE WOEBLD EMERSES
AS A BELATIONSHIP BETWEEN MAN
ANE HIS EXPERIENCE.-

HE IS A PARTICIPANT IN THE
CREATION &F ALL THINGS.
THE MEASURE &F Alle THING Sese

==

Quoted from Robert Pirsig “Zen and the Art of Motorcycle Maintenance”

blend of tea). It is not the case that only one of
these is real, and it is not the case that these
are parts of two separate realities. No! There
is a single reality, a single experience of the
tea. The challenge is to find a single science
that can provide both the theoretical context
for appreciating this ‘quality” and a practical
context for engineering technologies that will
potentially improve the ‘quality’ of life.

It is
struggling with the practical problems of

probably easier for people
designing technologies that work for people
to realize that the problems of user experience
span the classical constructs of mind and
matter. The recent emergence of Apple to
pass Exxon as the most profitable company
in the world, suggests that intuitions into the
user experience can be more valuable than
oil. Yet, until the metaphysical contradictions
of our ontologies that treat mind and matter
as disconnected are faced, the design of
quality user experiences will remain the
art of geniuses like Steve Jobs and Jony Ive,
rather than the product of science driven,
engineering practice.

The goal is not to take the genius out of
design, but to explore ways to put the power
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of science behind that genius, and perhaps to
explore ways to put the genius of design back
into science. Science was never intended to
be the authority that defends conventional
wisdom, rather it is intended to be the engine
of innovation for overturning conventional
wisdom in pursuit of deeper insights into the
complexities of nature.

This is an exciting time with respect
to the questions that early functional
psychologists like James raised about the
metaphysics of cognition. On the one hand,
technological innovations associated with
information technologies are increasing
appreciation for the fundamental role of
humans with regards to making systems
work’. This is

questions about

raising many practical
the nature of human
experience in relation to the design and use
of these technologies. On the other hand,
developments in the physical sciences
associated with chaos and dynamical systems
are raising analogous questions about both
the dynamics of natural systems (e.g., self-
organization) and the nature of scientific
explanations (e.g., circular causality). For
Mandelbrot’s  fractal

example, geometry



suggests that a simple fact like the length
of a coastline may depend on the choices
that scientists make®. As the basic unit of
measurement becomes smaller, the length of
the coastline increases (approaching infinity

as the unit of measurement becomes finer).

As with the ‘balls’ and ‘strikes,” it seems that
the length of a coastline cannot be decided
on purely ‘objective” grounds. Ultimately, the
scientist has to make the call.

Additionally,
neuroscience” is inspiring new intuitions

empirical work in
with respect to metaphysics. Constructs such
as embodied cognition are for the first time
putting ‘flesh’” on William James’ intuitions
and are paving the way for reconnecting
mind and matter within the pragmatic
dynamics of perception and action in a world
that matters®.

Thus, this book is an effort to reconsider
some of the questions raised by Winograd
and Flores about the nature of computers
and cognition:

In the course of developing a new
understanding we came across questions
that have long been the subject of debate,
such as “Can computers think?”, “Can
computers understand language?”, and
“What is rational decision-making?” We
address these questions not so much to solve
them as to dissolve them. They arise in a
background of understanding about human
thought and language, a background that
itself needs to be reexamined and revised.
In the end, we are not concerned with
providing new answers to questions about
technology as they have traditionally been
posed. We look towards new questions that
can lead to the design and use of machines
that are suited to human purposes*.

Perhaps, questions raised in this book will
help those pursuing careers in cognitive
science, cognitive engineering, or experience
centered design to gain new insights into
what matters?

COSMITVE SCIENCE, THE SCIENCE OF THE MIND
AMD THE BRAIN, HAS IN ITS BRIEF EXISTENCE
BEEN ENORMOUSLY FRUITFUL.-

IT HAS GIVEN US A WAY TO ENSW HOW
SUR PHYSICAL BEING — FLESH, BLOSD
AND SINEW, HORMONE, CELL, AND
SYMAPSE — AND ALL- THINSS WE
ENASUNTER DAILY [N THE WORLE MAKE
US WHE WE ARE

THIS IS PHILOSOPHY
IN THE FL.ESH

George Lakoff and Mark Johnson**
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Chapter 2

Putting Things Into Perspective

Heinz von Foerster, a general systems
theorist, once observed that there are two
distinct attitudes toward the world. On the
one hand there are the ‘discoverers,” and
on the other hand, there are the ‘inventors.’
The Discovers see themselves as apart from
the world. They consider themselves to be
residents of an independent world whose
regularities are ‘out there’ to be explored
and discovered. In contrast, the Inventors
see themselves as a part of the world. They
consider themselves to be participants in

AM, | APART FROM THE
UNVERSET..

=== THAT IS WHEMEVER
I LOOE T AM
LXHEIMNG A5 THROUSH A
PEEPHOLE UPSON AN
UNFOLDING
UNVERSE...

a dynamic world whose regularities are
continually evolving and being recreated, at
least in part as a consequence of their own
actions. Foerster notes that he is particularly
impressed by the fact that neither of these
two groups is aware that they have made a
particular choice about how to look at reality.
This choice that Foerster is referring to is
classically addressed in philosophy as the
problem of Epistemology.

Where  the
addressed in Chapter 1 considers what reality

ontological  problem

LR AM T PAET &F THE
UNWERSET..

= THAT 15, WHENEVER I ACT,
EVEM SPELTATING, T AM SHANSGIMNG MYSELF
AND THE UNINERSE AS WELL

Heinz von Foerster
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is; the epistemological problem considers
what we are capable of knowing about that
reality. In academic philosophy these are
two different questions, but in practice, the
choice of epistemology is typically intimately
related to the choice of ontology. For example,
those who choose a materialist ontology,
typically see themselves as Discoverers. For
them, the world is out there. For them, it is
essential for achieving good science to take
an objective stance toward the phenomena
of nature. In fact, from this perspective the
function of the scientific method is to create
this objective distance between the observer
and the phenomenon.

Thus, for
neuroscientist might search for the answers

example, a cognitive
to psychology in objective brain structures, or
in computational models realized as concrete
computer simulations, or in carefully
controlled experimental paradigms designed
to minimize demand characteristics'. This
attitude leads the neuroscientist to be
skeptical toward more naturalistic forms
of observation where the scientist often
becomes more of an active participant, than
a passive observer. This attitude also leads
to a large gulf between the “hard” disciplines,
where an objective separation is maintained
between phenomenon and observer (e.g.,
‘soft’

where there is a more intimate relation

neuroscience) and the disciplines,
between observer and the phenomenon (e.g.,
art and design). This attitude also leads to a
large gulf between research enterprises (e.g.,
the science of medicine) and fields of practice
(e.g., the art of healing).

The combination of a materialistic
ontology with the epistemological attitude
of a discoverer has been dominant in
Western attitudes toward the discipline of
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science. However, it leads to an interesting
conundrum. When acting as the scientist,
apart from the phenomena, where is the
observer standing? Is it really possible for
the scientist to stand apart from the natural
phenomena that he is studying? Where
does the scientist stand? Is there a ‘ruler’
for measuring the length of the coastline of
England that is independent of the observer?

This conundrum leads many people
to become open to the possibility of a
dualistic ontology. That is, the addition of
the possibility of a mind, independent from
the world of matter, provides a place for the
objective observer to stand! Thus, science
and mathematics can be exercises of Mind to
understand the world of Matter that is ‘out
there.” This attitude has generally worked
well for the physical sciences. The discipline
of objective, empirical science has generated a
wealth of discoveries about the independent
properties of Matter. This enterprise has
been so successful, that it has become the
de facto model of “science.” A model that has
been embraced not only by those seeking to
uncover the regularities of Matter, but also by
those who seek to discover the regularities of
Mind.

While dualism provides a solution to
the conundrum about where the scientific
observer is standing with respect to the
Matter, the
remains for the phenomenon of Mind. Is it

phenomenon  of problem
possible to take the objective perspective
of a Discoverer when studying the Mind?
Where does the scientist of Mind stand? This
conundrum led John Watson? to redefine
the “science of psychology’ from the “science
of mind’ to the ‘science of behavior” In
objectifying the phenomenon as behavior,
it became plausible that the scientist could
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Figure 2.1

Goal
(food)

This illustrates the logic of experiments to assess whether rats are learning spatial relations

when trained in a maze. After being trained to follow path B to attain food reward, that path

is blocked. How do rats respond?

stand apart from that behavior as a passive
observer in order to discover the regularities.
Researchers pursuing a science of behavior,
such as B.E. Skinner, realized that by shifting
their attention to animal behavior (e.g., white
mice and pigeons), it would be easier to
stand apart from the phenomenon in order to
achieve the objective distance essential to the
attitude of a Discoverer. Clearly, this program
of research has been very successful and has
contributed greatly to our understanding of
the world.

For many, however, the behaviorist
approach was unsatisfying. It seemed too
narrow a perspective, even for understanding
Edward
Tolman® showed through a series of clever

animal behavior. For example,
experiments on maze learning with rats that
the learning could not be explained based
on simple associations between behavior
and reward. As illustrated in Figure 2.1, he
showed that when reinforced routes through
the maze were blocked, rats chose alternative
paths that suggested that they had learned

more than a specific route (i.e., a specific
sequence of actions). They chose a path that
was most nearly associated with the direction
to the goal box (C in Figure 2.1), illustrating
that they had learned about the layout of the
maze and the relative position of the goal
box. This led Tolman to posit the construct
of a “‘mental map’ to reflect the fact that the
rat had learned more than a simple sequence
of behaviors, it had learned something
about the general layout of its environment.
Tolman’s observations and hypotheses were
very significant in helping psychology to
escape from strict behaviorism to reconsider
the possibility of a science of Mind.

The invention and development of the
computer through the 1940s and 1950s offered
another plausible solution for maintaining
an objective Discoverer epistemology with
respect to a science of Mind. The computer
metaphor allowed Matter to be objectified
in terms of ‘hardware,” and Mind to be
objectified in terms of ‘software.” With the
framework that evolved from this computer
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TODAY WAS A BIG DAY. BY
CHOOSING THE BEST ALTERNATIVE
WHEN THE ORIGINAL PATH WAS
BLOCKED, YOU SHOWED THAT You
KNOW MORE THAT SIMPLE
BEHAVIORS.-

You ACTUALLY
SEEM TO BE AWARE OF
THE L-AYOUT

WE ARE SLOWLY GETTING
INSIGHT INTS HUMAN
\IV_) e

AT THE NEXT
TURN, 60 LEFT- |__
GO LEFT-

metaphor, the phenomenon of Mind could
be visualized as
These

(e.g., encoding, memory, decision making)

objective  information

processes. information  processes
could be tested both empirically in the
experimental laboratory and analytically

through

computer simulations, in particular, became

computer  simulations.  The
a benchmark for establishing objective,
computational norms or standards against
which to ‘measure” man.

The computer metaphor reinforced both
the plausibility of the Discoverer attitude
toward the phenomena of Mind and Matter
and the plausibility of a dualistic ontology
where Mind (i.e., software) could be treated
independently from Matter (i.e., hardware).
This intersection of a Dualistic ontology
and a Discoverer epistemology has been
dominant over the last 50 years and it has led
to significant advancement in both science
(including the evolution of a new computer
science to focus explicitly on the properties
of computations) and engineering (leading
to amazing developments in information
technologies). In some ways, developments
of information technologies in terms of
smart phones and social networks have
leapfrogged well beyond the imaginations of
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even the science fiction writers. For example,
compare how smart phones are used today
relative to how the ‘communicators’ were
envisioned in the Star Trek series.

Although the computer metaphor has
been enormously successful, for some there
continues to be something missing with
respect to a complete science of Mind. There
seems to be both less and more to Mind than
the ‘cold” computations of logical machines.
Initially, researchers focused on the apparent
deficits of humans relative to computers.
The gulf between the prescriptions of
normative logical algorithms and the actual
behavior of humans could be attributed to
the information limitations of humans, such
as the seven plus or minus two capacity of
working memory described by George Miller.

However, as researchers expanded their
field of view, from examining performance
on relatively simple puzzles and games (e.g.,
tic-tac-toe, crypt-arithmetic, and chess) to
more complex problem solving (e.g., chess,
medical diagnosis; fault diagnosis in nuclear
power plants; and management of aviation
systems), they discovered that in complex,
dynamic worlds, the human can often be
more resilient than the logical automatons.
It seems that decision making in fields of



practice, such as medicine, require nuanced
insight that, for now, exceeds the capacity of
even very sophisticated computers.

Dissatisfaction with the computer
metaphor has led some to look into the
brain for a more satisfying understanding of
human cognition. Perhaps, the differences
between computers and humans reflect
fundamental differences in the way these
systems are wired [e.g., neural nets versus
production systems; or analog systems
versus digital systems; or the presence and/
or nature of the interplay between ‘higher’
(logic-based) and ‘lower’ (emotional-
based) centers within brains]. For these
neuroscientists, the Discoverer epistemology
is maintained, but the ‘out there’ that they
are exploring shifts from a computational
object to a biological object.

For some, however, dissatisfaction with
the ability of classical scientific programs
designed from the Discoverer epistemology
has led them to consider an alternative
attitude toward observation. It has led them
to shift to an Inventor epistemology, where
the observer is considered to be inextricably
linked to the phenomenon being studied.
Whereas, the Discoverer seeks to keep an
objective distance between the scientist-
observer and the phenomenon of study,
the Inventor seeks to immerse herself in
the phenomenon. Whereas the Discoverer
is skeptical about naturalistic forms of
observation, the Inventor is skeptical of
controlled, laboratory experiments.

The Inventors fear that essential
properties may be lost when a phenomenon
is reduced to fit the constraints of the
laboratory. They fear that when scientists
create objective distance, they are losing sight

of essential properties of the phenomenon.

Where the Discoverer seeks to explore the
phenomenon from the outside, the Inventor
believes that there are essential properties
that only can be discovered from the inside.
Thus, for some, the Discoverer epistemology
is unsatisfying, at least with respect to the
development of a science of Mind. Rather
than treating the Mind as an external object,
they have begun to think about Mind as a
dynamic process and to think of themselves
as participants in this process.

One solution to this dissatisfaction
can be the adoption of a dualistic view of
epistemology, with a Discoverer epistemology
being applied to the phenomenon of Matter
(where it has been clearly successful), but
an Inventor epistemology being applied to
the phenomenon of Mind. This of course,
adds to the gulf between the ‘hard’ sciences
and the ‘soft’ sciences, since they now are
dealing with distinct realities AND applying
different epistemologies. The result is not
only two different kinds of reality, but also
two different kinds of science.

An alternative solution is to adopt
an Idealistic ontology. If you begin with
the assumption that

knowing requires

intimate interaction of the observer
with a phenomenon (i.e., the Inventor’s
epistemology), then pragmatically speaking
there is little value in postulating a world of
Matter that lies outside of your capacity to
know it. Thus, the Pragmatist position is that
we might as well confine our ontology to the
things that can be known, at least as far as
Science goes.

For example, phenomenology
embraces an Inventor’s attitude towards
the phenomenon of Mind. Thus, the
phenomenologist immerses herself into the

mental and emotional aspects of human
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shifts
‘objective’ measures grounded in behavior

experience and attention from

to examine more ‘subjective’ measures
including think aloud protocols and other
expressions of human creativity, such as art
and music, that reflect both thoughts and
feelings.

It is probably not that surprising to
you that those interested in Mind (i.e., the
softer sciences) might consider an Inventor
alternative to the objective Discoverer
epistemology that has been so successful
for the physical sciences. But an important
motivation for the Inventor epistemology is
coming from research in Quantum physics.
It is true that the Discoverer attitude has
been incredibly successful for

learning

about important properties of matter.
However, there are aspects of the physical
world, where this perspective can lead to
John Wheeler’s

Surprise Version of the 20 Questions game

puzzling contradictions.

in the following cartoon illustrates the
epistemological implications of observations
at the Quantum level.

In the Surprise Version, the people in
the room each independently choose their
own words with the constraint that once
the game begins, the word that they have
in mind must not contradict any previous
answers to questions. This may require
them to change their word over the course
of the game, creating a moving target that
is shaped, in part, by the questions asked.
Wheeler concludes his story that “In the real
world of quantum physics, no elementary
phenomenon is a phenomenon until it is an
observed phenomenon. In the surprise version
of the game no word is a word until that
word is promoted to reality by the choice of
questions asked and answers given. ‘Cloud’

22

sitting there waiting to be found as we
entered the room? Pure delusion!”

The lesson of the Surprise Version
of 20 Questions is particularly relevant to
exploring human experience. Just as at the
quantum level, the actions of the observer
(i.e., scientist) can be a significant source of
variance. This impact is typically referred
to as the demand -characteristics. These
demand characteristics (e.g., the awareness
of participants that they are being observed)
can be important factors in shaping the
experience (i.e., performance) that results.

Also, it is important to realize that
human actions (e.g., innovative technologies)
are shaping the opportunities for experience
more globally. For example, new forms of
travel and communication greatly extend
our abilities to explore the world and to
collaborate with people in distant locations.
Cell phones have dramatically changed how
people coordinate social activities — “Just call
me when you get out of class and I will let
you know where I am, so that we can meet.”
Thus, we should not think about human
experience as an “object” that exists “out
there” independent from the experience of
the scientist or designer. To a large extent,
the world that we live in is a world that
we are creating. We shape the world, and are
simultaneously shaped by that world.

At this point, you might ask yourself,
which of the two groups that Foerster
described do you belong to? Are you a
Discoverer? Or are you an Inventor? Are
you a Discoverer, who bets on the classical
scientific methods designed to create an
objective distance between observer and
phenomenon? Or are you an Inventor who
prefers to become immersed intimately into
the phenomenon? Is there an alternative?
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Just as the two circles in Figure 1.1 set up a
dialectic presumption that a phenomenon
had to belong to one of two realities, either
Mind OR Matter, but not both, Foerester’s
observation sets up a dialectic presumption
that one of two epistemological positions,
Discoverer OR Inventor, must be chosen. Just
as the Radical Empiricist ontological position
suggests that a single reality may be both
Mind AND Matter, a Pluralist Epistemology
suggests that it is not necessary to stand
either outside apart from the phenomenon
(as the Discoverer) OR inside as part of the
phenomenon (as the Inventor).

Consider the possibility of observing
from multiple perspectives. Consider the
possibility that neither perspective offers a
privileged or complete view of reality, but
that each perspective allows valid insights
into the phenomenon that are not possible
from the other. Consider the possibility that
complete understanding requires multiple
perspectives — it requires that you take the
attitude of the Discoverer AND the Inventor.

Perhaps, a Pluralistic Epistemology
is essential for bridging the gulf that
separates science from application, and that

separates research from design. On one
hand, innovation depends on the ability of
Discoverers to appreciate the hypotheses
through

naturalistic observations and iterative design

generated by the Inventors
and also to appreciate that the success
or failure of a design can be a valid and
important test of the hypotheses that guided
it. On the other hand, innovation depends
on the ability of Inventors to appreciate
the value of controlled laboratory tests to
help partition the complexity of natural
phenomenon and to provide the objective
distance needed to protect us from potential
bias due to infatuation with our own
creations.
Consider the possibility that the
epistemological positions of Inventors and
Discoverers are complements that, when
joined in a collaboration of mutual trust and
respect, can be far more powerful than the
sum of their independent contributions. In
other words, consider the possibility that not
only does science contribute to application,
but application also is an important
component of science. Would both science
and design be better if scientists were more

%... AND THE PEOPLE IN THE HOUSES
ALL WENT T& THE UNIVERSITY WHERE
THEY WERE ALL PUT INTO BOXES ..."

Y_.. AND THEY ALL. CAME OUT
THE SAME.."
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open to a design perspective and designers
were more open to a scientific perspective?

Note that this chapter and the first
began with an exclusionary dialectical form
of argument based on EITHER/OR contrasts
and ended with an inclusional or integrative
form of argument based on BOTH/AND
integrations. It is easy to get trapped in
EITHER/OR arguments that circle endlessly
around the same trees without resolution,
especially when interacting across disciplines.
In fact, academic institutions are typically
organized around exclusional arguments.

Exclusional arguments essentially start
with two sides with the assumption that one
is right and the other is wrong. In principle,
these arguments are different than rhetoric,
in that the goal is not to win the argument
but to find the ‘truth’ —in essence to eliminate
the ‘false hypothesis.” However, in practice
winning the argument often becomes more
important than collaborating to create a more
satisfying understanding of nature.

A consequence of the exclusional
approach tends to be reduction of phenomena
to fit into controlled experiments (in essence
arguments), where it becomes plausible to

WELLOME TO QUT TEST-
FACILITIES. TODAY'S EXPERIMENT IS ABOUT
UNDERSTANDING MOTIVATION, ABOUT YOUR

PERSONAL VIEW. WHAT DO YOU THINK....

LET ME SHOW
YOU INTO THE
TEST-ROOM

RESULTS wWilL
BE

ABSOLUTELY
CRITICAL FOR
OUR USER-
EXPERIENCE
DESIGNERS

eliminate the ‘false’ hypotheses. This also
leads to increasing differentiation around the
reduced phenomenon and the specialized
this
there can be an emphasis on experimental

experimental methods. In context,
paradigms (e.g., Sternberg Task), rather
than on exploring natural phenomenon. For
example, there is the classic story of the
cognitive psychologist who was asked what
he studied and he responded, “reaction
time.” To which his colleague ironically
responded, “Oh, I study percent correct.”
In essence the phenomenon of cognition
was being trivialized to the level of a single
dependent measure. There is a growing sense
that the experimental paradigms become
the phenomenon of interest. The goal is
experimental control, but the result may be
trivialization of the phenomenon.

Thus, rather than the convergence
that James envisioned for science, we see
an increasing divergence into a collection
of highly specialized little sciences or
paradigms. Students tend to be forced
to choose a discipline early and there is
typically little room for electives that allow

for the students to explore perspectives

S0, WHAT ARE WE
TESTING AGAIMNT
PERLENAGE CORRECTY?

HAVE DONE
THAT LAST
TIME----

EBEACTION
TIME-
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outside their specializations. Universities
put students into boxes, and provide little
opportunity for them to learn the languages
of other boxes or to appreciate the value of
other disciplines.

Perhaps, the
of a world based on dialectical forms of

most tragic consequence
argument, however, is the Schizophrenia
that Pirsig described in Zen and the Art
of Motorcycle Maintenance and Lila. The
dialectic form dismisses aesthetics, morals,
and values as ‘biases.” Today, even many
scientists who choose an Inventor stance
and who choose to immerse themselves in
the phenomenon of interest, feel compelled
to leave their opinions about quality (e.g.,
beauty or goodness) on the shelf. These
opinions are considered to be ‘unscientific.’
Universities take responsibility to teach
students the ‘facts,” but leave the students
to their own devices to deal with issues
of aesthetics and morals. Challenges like
Don Norman’s claim that beautiful things
work better*, become difficult for “science’
to consider. Science as framed dialectically
only deals with the substance of ‘things.” It

GOOD
DOGT HA HA HA-
AND THAT ONEY

ALSO GOODT

HEY, THAT IS A
NICE DOG YOU HAVE
THERE. WHAT KIND
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has little to say about their beauty or their
goodness.

The biologist,
suggested an alternative to the exclusional

Alan Rayner’, has

form of argument. He suggests that we might
consider reframing some of the arguments in
BOTH/AND terms. This shift in frame can
often lead to satisfactory resolutions to many
of the arguments that divide disciplines and
that keep us from productive collaborations.
Instead of standing on the faces of other
disciplines, perhaps we could see farther
More
importantly, Rayner’s hypothesis (or more

if we stood on their shoulders.

accurately his hope) is that the Inclusional
framework will help us to explore ‘quality’
(e.g., goodness) as a valid part of the real
world, rather than it being isolated apart
from the world as insubstantial (i.e., not real).
Can ‘meaning’ be addressed by cognitive
science without considering the aesthetic and
moral qualities of human experience? Can a
scientist who denies his own aesthetic and
moral values fully explore the complexities
of Mind and Matter in order to help create a
world that Matters — a world that is beautiful
and that works better!

HE DOESN'T
LOOK THAT
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NOTES

1 ‘Demand characteristics’ is academic jargon for
the impact that the act of observing or being
observed has on the patterns of behavior that
are exhibited in the experiment. Minimizing
demand characteristics is considered to be
essential for an objective scientific stance
toward the phenomenon.

2 Watson, J. B. (1913). Psychology as the
Behaviorist Views it. Psychological Review,
20, 158-177.

3 Tolman, E.C. (1948). Cognitive maps in rats and
men. Psychological Review, 55, 189-208.

4 Norman, D. (2004). Emotional design: Why we
love (or hate) everyday things. New York:

Basic Books.

5 Rayner, A. (2006). Inclusional nature: Bringing
life and love to science. http:/ /people.bath.

ac.uk/bssadmr/inclusionality /
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Chapter 3

Can’t You Read the Signs?

The French movie “The Diving Bell and
the Butterfly”' describes the experiences
of the writer Jean-Dominique Bauby with
Locked-in Syndrome that resulted from
a stroke. Locked-in Syndrome refers to
a condition where a person has normal
mental functioning, but has limited or no
means to communicate due to impairment
of motor systems (e.g., as a result of stroke,
degenerative muscle diseases like ALS, or
damage to the spinal cord). The movie
depicts how Bauby was able to learn to
communicate with his therapist using only
eye blinks. In fact, they laboriously write

WHAT 1S
WEONG WITH MET
WHY CAN'T T MOVE

SOMETHING

HELLO..! HELLO..!
WHY CAN'T you
HEAR ME?

ANYTHING .. 7
PLEASE.- MY HAND?
MY FEET?
PLEASE....7

the book that the movie is based on via this
method.

Imagine the frustration of having a
mind full of ideas and feelings, but having
severely limited capacity for acting (e.g., a
single switch) in response to those feelings
(e.g., not being able to scratch your nose
when it itches) or limited capacity for
communicating with the people around you
(e.g., not being able to share your feelings
with a friend or to ask for help). Imagine
the frustration of Bauby’s therapist trying to
figure out what the blinks mean. For Bauby
and others with Locked-In Syndrome there

OH-.. T MIGHT
AS WELL CLOSE
MY EYES!
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is only a narrow communication channel
connecting their mental life with the material
and social ecology surrounding them. This
extreme condition highlights the problem
of connecting internal ‘mental’ experiences
(e.g., a belief, an intention, or a feeling) with
an external physical and social ecology.

In some sense, this is the inverse of the
epistemological problem - it is not how a
mind can know the world, but how can a
mind make itself known to the world. Designers
of information technologies (including the
inventors of languages and alphabets) face

a similar problem, how do they express
these
technologies so that they are compatible

the capabilities associated with
with the demands of the material and social
ecologies that they inhabit — or in other
words, so that the functions that the designer
intended for the technology can be realized.
For example, how can they let the ‘user’
know what the symbols express, or when the
technology needs its nose scratched, or how
can the motorcycle rider diagnose problems
with his bike, or how can the characters in
the opening cartoon know what the big red
button ‘means.’

Semiotics: A Dyadic System

This is the problem of ‘signs.” What do the
blinks mean? What do the tracks on the trail
mean? This problem has been formalized as
the field of semiotics®. It is commonly defined
as the science of signs. It is historically a
precursor to the field of linguistics, which
focuses more specifically on languages that
were the particular interest of Ferdinand
Formal often

de Saussure’. languages

have alphabets or symbol systems that are

somewhat arbitrary with regards to any
particular meaning (e.g., the connection
between the letters d-o-g and a specific
animal).

Thus, Saussure framed the semiotic
system in terms of a dyad between the
signifier (the symbols or in Bauby’s
case the blinks) and the signified (which
could be either Bauby’s or the therapist’s
interpretation of what it means, but not

30




THINE ABSUT ALL
THE THINGS You
l\‘ £AN DO WITH IT!

—

FUT IT IN THE BANK YoU
CAN MAYBE BUY AN ICE-

HEY A, SVENT WHAT

. '
YERH, BFISHTL WHEN You ABSUT DINKER THIS

both simultaneously). For Saussure, the
semiotic problem is primarily a problem
of interpretation. How does a Mind infer
the meaning of a sign or how does a Mind
assign meaning to a sign? Or how does
a society choose an alphabet, a language,
or a grammar? When reference is made
to the ‘meaning’ of a sign in Saussure’s
semiotic system, one is talking about the
‘interpretation” in the mind of a single specific
observer (e.g., either Bauby’s intention or the
therapist’s interpretation).

In Saussure’s dyadic system, whether a
sign is meaningful or not depends exclusively
on the interpretation of the person reading
the sign. For example, the fresh tracks of a
predatory animal are meaningful only if a
person knows how to read them. Regardless
of any relation to real danger due to the
presence of a threat, if the person doesn’t
know how to read them, then they are
meaningless. Similarly, in the dyadic semiotic
system, words that are full of meaning to
a native speaker of French may be totally
meaningless to a native speaker of English.
Again, in the dyadic system meaning exists
(or not) only in the ‘mind’ of the observer.

Saussure’s system provided the foundations
for the field of linguistics, which in turn,
had a strong impact on the development of
cognitive science. Particularly, influential
was the debate between B.F. Skinner and
Noam Chomsky about the acquisition of
language. For Skinner* learning languages
was similar to pigeons learning to press
buttons in a Skinner box. Behaviors that are
reinforced (e.g., the attention from mother
following the sound ‘ma’) will increase in
probability. Further, the behaviors can be
shaped through selective reinforcement to
become associated with particular stimulus
conditions (e.g., ‘ma’ becomes selectively
associated with the presence of mother).

Chomsky’s®
supported by observations of language

However, arguments,
development, took similar lines to Tolman’s®
observations about maze learning in rats.
Chomsky argued that children were not
simply learning behaviors, but they were
actually learning to apply rules. They were
learning about the ‘structure’ of language
and this learning became evident, when they
generalized across situations. For example,
early in the development process children
will often be observed to ‘over regularize.
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Harry Heft’

They might say something like “ The gooses
goed south for the winter.” This pattern
suggests that the child is creatively applying
rules (i.e., add ‘s’ to create plural, add ‘ed’
for past tense), rather than simply repeating
behaviors that have been reinforced. In a
similar way, Tolman'’s rats chose new paths,
when the normal route to the goal box was
blocked, based on what they had learned
about the layout (i.e., structure or pattern) of
the maze.
As a
linguistics and in part due to the influence

result of developments in
of Chomsky’s arguments, cognitive science
has largely been framed in terms of a
dyadic, symbol processing system. In this
frame, the fundamental challenge has been
to understand how ‘meaning’ is constructed
through brain processes to interpret arbitrary
signs. Extensive bodies of research on
perceptual illusions and decision biases have
tended to reinforce the notion that the signs,
which are the inputs to this information
processing system, are at least somewhat
arbitrary with respect to an external ecology
(just like formal

alphabets or symbol

systems). Thus, Richard Gregory and others
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have framed problems of perception and
cognition in terms of information processes
to actively construct ‘meaning’ from
impoverished cues (signs) at the sensory
surface (e.g., a 2D image on the retina). In
this paradigm, the problem of cognition
starts with the input of a stimulus (sign) and
ends with a response that is, in effect, an
interpretation of that sign (e.g., an inference
about 3D space). In this dyadic approach to
cognition all the action happens ‘inside the
head” between sensory stimulus and mental
interpretation (e.g., to construct a 3D mental
model from the 2D retinal cues).

This dyadic frame has also shaped
how human factors engineers and designers
approach interface design. The interface
design problem has been conventionally
framed as an ‘interpretation” process and
the focus of attention has been to explore the
relations between the ‘signs’ on the interface
(e.g., the knobs and dials, and graphical
icons) and the ‘internal models’ in the heads
of the intended users. Thus, we have the
field of Human Computer Interaction (HCI)
where research programs are organized

around properties of the interfaces (e.g.,



-=a SO WHAT ABSUT

WE'RE HEADING FOR

TELEFHOMES. DO WE
STILL HAVE THEMT

alphanumeric representation vs. graphical
representations; or integral vs. separable
forms; the

graphical appropriate uses

for color, etc.) relative to the information
(e.g.,
analytical vs. spatial reasoning; serial vs.

processing capacity of humans
parallel processing; color sensitivity).

The general prescription for design that
has resulted from the HCI research program
is to design the interface to match the ‘mental
models’ of your intended user population. In
other words, use the interface to translate
your design intentions into a language
that your customers understand. This is

commonly summarized in the dictum “Know

YEAH--- BUT WIRELESS
AND YOU ALWAYS CARRY IT
ARSUND WITH YoU...

SOME STRANGE TIMES....

thy user.” This is generally good advice, but
beware there may be a catch! For example,
Henry Ford is reported to have observed that
before the car, few would have asked for it
or appreciated the value of it, rather they
would have asked for better horses. Similarly,
the smart phone was not built to satisfy the
‘internal models” of users. Who would have
imagined the need for a phone that takes
pictures? Or who would have imagined that
people would prefer ‘texting’ to talking?
However, it is clear that the expectations and
behaviors of users have been shaped by the
new possibilities that smart phones offer.

Semiotics: A Triadic System

At the same time that Saussure was laying
the foundations for linguistics, Charles
Sanders Peirce® was also wrestling with the
semiotic problem. However, Peirce framed
the problem differently. Peirce is considered

to be the father of Pragmatism. He was
primarily interested in the ‘fixation of belief’
or how it was that our beliefs about the
world could lead to productive interactions
with the world. Thus, in the context of Bauby,
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Peirce would not be simply interested in
Bauby’s interpretation OR in the therapist’s
interpretation of the blink. He would be
interested in how well the therapist’s
interpretation matched with  Bauby’s
intention.

In the example of the predator’s tracks,
Peirce was interested in both the relation of
the tracks to the state of the situation (Is it
safe?) and the relation of the tracks to the
beliefs of the human observers (I am safe
or not). Thus, for Peirce, there were two
relations relevant to meaning processing.
On one hand, there is the grounding of the
sign with respect to the source (e.g., the state
of the ecology). On the other hand, there is
the interpretation in the mind of an observer
(e.g., the situation awareness). In essence,
Peirce was interested in how it is that our
beliefs serve the demands for successful
interactions in everyday life.

Thus,

problem as a triadic system that included

Peirce framed the semiotic
the source of the sign (e.g., either Bauby’s
intention or the presence of a dangerous
predator), the sign (e.g., the blink or the

-1 /\ I

tracks), and the interpretation (e.g., of
the therapist or the person in the woods).
Although Peirce was a contemporary of
James, who James credits with having an
important influence on his views about
psychology and philosophy, Peirce’s triadic
semiotic system had little acknowledged
influence on the early development of
psychology or cognitive science. However,
his work has recently been rediscovered, in
part motivated by increasing interest in the
design of autonomous robots. Computer
scientists working on robots have discovered
the importance of ‘grounding’ the internal
logic of the robot (interpretation) in the
practical realities of the physical ecology
within which it must function. A robot will
not function very effectively if it's ‘beliefs’
(i.e., its internal logic) about what different
spaces afford do not match well with the
realities that it will experience when moving
through those spaces.

Although Peirce was rarely cited as
the source, there were other psychologists,
such as Egon Brunswik’, James Gibson',
Jacob von Uexkiill", and Ulrich Neisser'?

IF SNLY THE BOBOT WAS PROSEAMMED T
UNDERSTAND THE DIFFERENCES BETWEEN WHAT IS A
TEEE AND WHAT LLENS LIKE A TREE. IT JUST
STESD THEEE, HOFING THE TREE WAUILD &2 OUT OF
THE WY BEFORE THE UFD WEULD DEPART . THEN
ASAIN, CHANCES HAVE IT THE BOBST Wil-L- MISTAKE
THE SHADOW FOR THE UFS AND STAND THERE

WAAITING IN THE YARD FOR EVER---

34



Signs, Evidence, Cues

Ecology

Objective
Weights
Ecological Validity

Concept, Belief,
Judgement

o0 Subjective

Weights
Cue Utilization

Brunswik’s Lens Model

Modifies

Samples

Ll
Directs

Exploration

Neisser’s Perception Cycle model

Figqure 3.1  Two images of triadic semiotic systems.

who were dissatisfied with the dyadic basis
for cognitive science. The approach they
advocated was typically labeled ‘ecological’
to reflect the missing component of the
dyadic symbol processing system - that
missing component was the relation between
the ‘sign’ and the functional ecology (or
umwelt). Two images of a triadic semiotic
system are shown in Figure 3.1.

Brunswik’s Lens Model'® anchors the ‘signs’
with both the ecology (e.g., this could be
Bauby’s intention; or the presence of a
predator) and with the interpreter (e.g., this
could be Bauby’s therapist; or the person’s
belief about whether a predator is near).
The mapping from the ecology to the signs
reflected the ecological validity and the
mapping from the signs to the belief reflected
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TNTERESTING TRACKS oKD LICE MEAT
FOR DINMNER

the interpretation process. The achievement of
this system (i.e., the accuracy of a judgment
with respect to the ecology) depends on both
mappings. This achievement is what Peirce
was trying to understand, how is it that our
internal beliefs about the ecology are able
to support harmonious functional relations
with that ecology? How is it that Bauby’s
therapist can know what Bauby means?
What do the animal tracks mean with respect
to whether I am in danger or not? How
do our beliefs guide us toward satisfying
experiences?

Neisser’s Perception Cycle is another
example of a triadic semiotic dynamic that
includes the ecological source (e.g. the
object) and the mental model (e.g., the
schema). The unique feature of Neisser’s
model relative to Brunswik’s model is that
the ‘sign’ is modeled as a consequence of
active exploration of the ecology. This reflects
Gibson’s influence. A fundamental theme
for Gibson was that perception and action
are dynamically coupled, so that perception

both shapes action and is shaped by action.

Thus, for Gibson, the feet were a critical part
of the visual perceptual system because they
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allow an animal to move about and explore
the environment (e.g., walk around and see
an object from multiple perspectives).

For example, in the case of Bauby, the
sign system is a product of an interaction
between Bauby and the therapist. The
‘meaning’ of the signs is constructed not in
either Bauby’s mind or in the therapist’s
mind, but it is constructed through the
interactions between Bauby and the therapist.
In this case, it is constructed through social
interaction. But meaning is also constructed
through physical interaction. For example,
we manipulate and heft an object to find the
right “fit’ so that it can be carried comfortably.
We explore to find what kind of animal ‘fits’
with the tracks on the ground. We play with
the buttons and triggers on the controller
to discover their functions in the video
game. We manipulate a tool like a hammer
to discover how to grip and swing it to
accomplish work.

Figure 3.2 contrasts two potential
images of the cognitive/semiotic system.
The top image is a strawman image of the
conventional approach to cognitive systems
motivated by early work in linguistics and
supported by communication and computer



Meaning is created through
the interpretation of symbols.
Meaning is in the head -
awareness

Interface
(symbol)

Consequence

Meaning is discovered trhough
functional perception/action
coupling with the ecology.
Meaning is pragmatically
grounded in the dynamics of
experience

Situation
(Problem domain)
[Process]

Performatory/Exploratory Action

Figure 3.2

metaphors. The bottom image provides a
first look at a triadic image of the cognitive
system. This revisited

throughout the book and the labels will vary

image will be

to emphasize different facets of the triadic
dynamics.

It can be confusing when comparing
a dyadic perspective to perception such
as assumed by Richard Gregory’s’® with
a triadic perspective such as assumed by
James Gibson'®, because both describe their

theories as reflecting “active” perception.

The difference is that when Gregory says

Stimulus

Awareness Response

= > >

(Dyadic)
Saussure

Intention/Expectation

Awareness
(Solution domain)
[adaptive control logic]

Interface
(Medium)
[comparator]

Error/Surprise

(Triadic)
Peirce

Two contrasting images of the cognitive (or semiotic) system.

‘active’ he is referring to mental activities
to construct an internal image from the
impoverished cues at the sensory surface.
Much of the data that is the basis for
Gregory’s models of perception are based on
passive observation.

When Gibson says ‘active’ he is referring
to active exploration of the environment
through moving around and manipulating
objects. In Gregory’s model, ambiguities in
the sign (e.g., on a two-dimensional retina)
with respect to the source (e.g., a three-
dimensional world) are resolved through
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logical inference. In Gibson’s models, these
ambiguities are resolved through acting
to create more specific information (e.g.,
moving to create invariant structures in a
flowing optical array).

There is also a big gulf between Gregory
and Gibson in terms of the assumptions
about the nature of information and meaning.
From the more conventional perspective
represented by Gregory, Gibson’s claims
that the meanings or affordances of the
environment can be ‘directly’ seen seem
quite radical, if not nonsensical - particularly,
in light of the huge body of literature on
perceptual illusions that show that people are
not good at making judgments about ‘space’
(at least in terms of how space is construed
by Gregory and others). It seems obvious
from Gregory’s perspective that people
must add something to the impoverished
data available to the senses in order to ‘infer’
the ‘true’ state of the world; and that these

K:L# Optical Constraints

Horizon Angle

Unreachable

Reachable

Functional Constraints

Horizon Angle

inferences are a necessary prerequisite for
successful action in the world.

Wolfgang Langewiesche, author of an
insightful account of the art of flying (Stick
and Rudder) provides an example that
clearly illustrates the difference between
Gregory’s and Gibson’s views, and that
might make Gibson’s view far more plausible.
Langewiesche (1944) contrasts how a pilot
and a passenger might specify the location of
an airport that appears in the distance:

The passenger might say, “The airport is
about 3,000 feet below us but still many
miles away.” The pilot, in his own mind
will say the same thing differently, “The
field now lies 5 degrees under the horizon.”
Later the passenger might say, “The height
is the same, but the field is much nearer.”
The pilot will say, “The airport now lies 30
degrees under the horizon.” He means that

I~
|

Perspective

View
Glider Angle

Figure 3.3  The optical constraints associated with angular perspective map directly to the functional
constraints associated with glide angle, so that there is an invariant relation independent of

height and distance.
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it lies more steeply under the airplane than

it did before (p. 271).
The passenger is wusing a rectangular
coordinate system (height, distance). The
pilot is using an angular coordinate system
(degrees relative to the horizon). From the
point of view of geometry, both coordinate
systems are valid and it is not problematic
to transform from one to the other (i.e., no
information is lost). However, is there a sense
in which one of these coordinate systems is
smarter than the other with regards to the
semiotic problem of aligning the beliefs with
the reality of experience? Langewiesche
(1944) explains why the pilot’s choice of
coordinates is smarter than the passenger’s
choice:

Both statements, the passenger’s and
the pilot’s, express the same thing. But
here is one difference: the passenger is
only gquessing. How does he know the
distance, and the height? But the pilot is
not guessing; although he doesn’t know
distance and height either, he does know
that the field under him lies at that angle;
he could even prove it, right from where
he sits, by measuring the angle with some

LANDIRGG STRIP IN SIsHT BUT
I Wikl NST BE ABLE TS
REACH IT

I TRUST THE AUTS-
PILOT EMOWS WHAT
To ...

suitable instrument, such as a sextant. (p.
271).

So, one reason that the angular coordinate
system is smarter is that the angle is well
specified locally as illustrated in Figure
3.3, but the height and distances are not
well specified. However, there is another,
much more important difference that makes
coordinate smarter.

the angular system

Langewiesche continues:

And here is another difference: The
passenger’s statement is useless; the pilot’s
statement is useful; it is angle, rather than
actual height and distance, that matters.
Here is why.

In a given ship, of given gliding angle, it
is always the same point on the ground
you can reach in a glide, regardless of your
altitude; the same point, that is, in terms of
angle-under-the-horizon. Say your ship’s
gliding angle is 1:5; this means you can
in a glide always reach any point that lies
10 degrees under your horizon, or steeper.
This statement (true only in still air) must
be thoroughly understood. (p. 271 - 272)
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And if you have understood what has been
explained concerning angular vision, you
will also understand this: How far the glide
line lies below your horizon is entirely
independent of your height; at any height,
the glide line is the same distance (angular
distance, in terms of degrees) below your
horizon. As your height changes in the
glide, both the horizon and the glide lines
will be at different points on the terrain
below you; but the horizon will always
be at the same height as your eye; and
the glide line will be the same number of
degrees below the horizon; and the relation
of horizon and glide line will not change.
(p. 273)

This second difference, the degree of

specificity with respect to functional
distinctions (whether the field is reachable in
a glide) is what makes the angular coordinate
systems so much smarter than a rectangular
system. The invariant mapping between
angular position relative to the horizon and
functional consequences (i.e., reachability in
a glide) is exactly what Gibson'® meant by
optical invariant and direct specification of
affordances. Much of the classical research
on ‘space’ perception assumes the traditional
rectangular coordinates for judging space,
with little consideration of whether that is a
good representation relative to the functional
problems associated with coordinating
action with the world. From the dyadic
perspective this is a perfectly reasonable
place to start, since it is generalizing from
written or spoken language where the signs
tend to be arbitrary.

As Langewiesche describes, neither
the pilot nor passenger are good at judging

position with regard to the rectangular
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coordinates. However, the pilot, attuned to
the angular coordinate system is able to see
whether an airport on the ground is reachable.
However, the passenger using a rectangular
coordinate system must somehow compute
reachability since there is no meaningful
one-to-one mapping with any landmark (like
the horizon) in his coordinate system. This
computation process is further complicated
by the fact that the observables or inputs
(height and distance) are poorly specified.
So, the passenger must compute the solution
using noisy data.

Thus, consider the possibility that
the real ambiguities that people experience
as participants in classical experiments
on ‘space’ perception are not the result
of fundamental limits on the information
available, but rather they reflect the fact that
the problems are posed using representations
that do not match the typical demands of
experience. The ‘illusions’ result from the
fact that the experimental tasks are designed
using an arbitrary, extrinsic coordinate
system that has little “‘meaning’ relative to
the functional ecology of the participant.
Consider the possibility that the data from
these experiments on spatial illusions are
a reflection of the assumptions guiding the
design of tasks and choice of stimuli, rather
than any fundamental limitations of human
ability.

There is a growing body of evidence
that many of the illusions found in classical
experiments disappear when the tasks are
reframed in action terms. For example, when
participants are asked to grasp an object that
is a component of a Miiller-Lyer form or
similar size illusion (Figure 3.4), the grasp
does not reflect the same apparent biases that
are found when participants make passive
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Figure 3.4

When asked to adjust their fingers to pick up the ‘coin’in the centers of these figures using the

thumb and index finger, the biases that are typical of size judgment do not appear.

Note that the
judgments about the appearances of the size

judgments of the sizes’.

do not change - the objects still appear to
be different sizes. However, the appearance
has little impact on performance of the
grasping task. Thus, the appearance seems to
be an epiphenomenon, at least with respect
to understanding the functional quality of
experience. Similarly, when participants
are asked to walk to a visually specified
position on the ground with their eyes closed
(blind walking paradigm) — the errors seen
in passively judging ‘depth’ are no longer
evident®.

The implications of an ecological

approach for design are that the focus is

THERE IS A SEOWING BODY

YOUR TASKE IS TO WALE
BLINDFALDED TOWARDS
WHERE YoU SAwW THE BAR

EF EVIDENCE THAT SFTIEAL
WLLISIENS DNSAPFEAR WHEN
FRAMED IN ACTION TERMS.
LICE THE BAILWAY LLUSON

not simply on seeing the Red button, but
on understanding the relation between the
button and its function. That is, it becomes
necessary to not only consider the relation
between the observer and the button (i.e., the
sign), but it becomes necessary to consider
the relation between the button and the
opportunities and consequences that it
affords. The challenge for Ecological Interface
Design (EID)* is not to simply ensure that
the user sees the button, but to insure that
the user sees its function. The challenge in
designing an ecological interface is in essence
to find the right coordinate system for
specifying the affordances. In other words,
the challenge is to design a representation

STRANGE.. THERE
SEEMS TOBE A
SEHEDULE FREDICTIMG
SUCCESS OR FAIL--.-
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so that the possibilities and consequences of
action are well specified (so that the user can
see what functions are ‘reachable’).

Here is the catch with respect to more
traditional HCI approaches. For a complex
control task like operating a nuclear power
plant, the operator’s mental model may
only be partially correct. For example,
assumptions or procedures that are valid
during normal operations may not be valid
during an accident. Thus, an interface
designed to match that operator’s model
may very well reinforce partial or incorrect
assumptions about the process. The ultimate

goal of EID is not simply to match the
operator’s model, but to shape that model
to be aligned with the most valid models
of the processes that are being controlled
(e.g.,
validated analyses of the process that reflect

models based on scientifically
fundamental constraints).

The goal is to help people to better
understand the processes that they are
controlling so that people not only do the
right action, but also so that they are aware
of why an action fits the demands of the
problem situations. The goal is to shape or

bias the operator toward beliefs that lead

ANYOME WHES HAS THE &O00 FORTUNE TO LISTEN T&
WIENER AND VEN NEUMANN ANT BESENBLUETH AND PITTS
WRESTLING WITH THE PROBLEMS OF MODERN COMPUTING
MACHINES THAT ENGW AND WANT HAS A STRANGE SENSE
THAT THEY ARE LISTENIMNG TS A COLLOGUY OF THE

IT IS EPISTEMOLOGY THAT 1S MOST AFFELTED FOR IT
IS THE PHYSIZS OF SOMMUMICATION WHIEH IS TODAY
RECENING AN ADEGUATE THECRETICAL TREATMENT -
F&R THE FIRST TIME IN THE HISTEORY &F SCIENCE WE
ENGW HEW WE KNGW AND HENCE ARE ABLE T&

AMCIENTS

BUT THEY WSULD BE THE FIRST TS TELL ¥oU
THAT THEY THEMSELVES ARE DRUNK WITH AN
AMERICAM WINE OF AN OLDER VINTASE: THEY
GUSTE LIBERALLY FROM SHARLES PEIRCE AND
FROM JOSIAH WILLARD GIBES, THESE MEN
HAVE ALTERED SUR METAPHYSICS BY ALTERING
OUR PHYSICS

STATE IT CLEARLY

Citation from Warren McCulloch ( 1954)%
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to successful actions. We purposely use the
term ‘bias’ here to suggest that we are not
dealing with absolute truths but pragmatic
truths. We are interested in shaping beliefs
so that the actions based on those beliefs

will lead to satisfying experiences (e.g.,
the beliefs of the pilot will lead to safe and
successful performance across a wide range
of situations).
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Chapter 4
What Matters?

Figuring out what matters is not easy! And
arguments can be incredibly unproductive
because people are speaking based on
different ontological assumptions, different
epistemological attitudes (discoverers vs.
inventors), and different models of the
semiotic system. Figures 4.1 — 4.3 provide
a collection of images using block diagram
conventions that catalogue some of the
many ways that people have parsed human
experience.

Figure 4.1 shows four images that
suggest open-loop (billiard ball) models of
causality. The top most image represents
a classical psychophysical approach as
reflected in the work of researchers such
as Helmholtz, Weber, and Fechner. These
researchers began by examining structure
in the physical world (e.g., properties of
light, the size and weight of objects) and
then tried to infer elemental properties of the
mind from relationships to the sensations/
responses associated with variation of the
physical properties.

Although the work of Helmholtz, Weber,
and Fechner predated, and in part inspired,
the experimental work of Wundt, historians
typically mark the beginning of the science
of psychology with the establishment of
Wundt’s laboratory in Leipzig. The second
image reflects the subtle change that might
be the motivation for making this distinction.
For the psychophysicists, the stimulus was
physical (i.e., properties of matter). However,
inspired by the philosophy of Hume and
others, there was a shift of attention from the
physical stimulus to the basic elements of the
mental chemistry of association.

which

became the

Introspection, in
described their
primary methodology. However, it was a very

people

experiences,

special kind of introspection in which the
participants had to be trained to focus on the
internal sensations rather than on the external
sources of those sensations. This is reflected
in Titchener’s construct of stimulus error. For
example, a stimulus error was made if a

person described one object as heavier than
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Figure 4.1

Four open-loop, causal models of mind. All four models maintain a clear distinction between

mind and matter, and, with the exception of the first model, they tend to treat the physical
aspects of matter as extrinsic or irrelevant to the dynamics of ‘mental chemistry.’

another, rather than describing the differences
in the cutaneous and kinesthetic sensations
that resulted from contact with the objects. For
Titchener, the stimuli were NOT the objects in
the world, but the patterns of sensations that
were experienced.
As a

associationist

result of the empirical/

philosophy,  experimental
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psychology could make a clean break from
the physical sciences to focus on mental
in which both
responses were clearly properties of mind.

chemistry stimuli and
This was also reflected in Ebbinghaus’s choice
of nonsense syllables for studying memory.
Ebbinghaus invented nonsense syllables to

minimize confounding associations with



the world outside the laboratory in order to
better isolate the internal dynamics of mental
chemistry. Thus, the experimental efforts that
are typically identified as the beginnings of
scientific psychology were explicitly designed
to treat mind as a purely mental phenomenon
with very little regard for a grounding in the
external physical world of matter. As a result,
scientific psychology has tended to assume
Descartes’” dualist ontology that separates
the reality of mind from the reality of matter.
In fact, the dual nature of mind and matter
provided a strong justification for a science
of mind (i.e., psychology) distinct from the
other “physical” sciences.

Note that it seems clear that neither
Wundt nor Ebbinghaus dismissed the full
complexities of human experience. However,
in order to establish an experimental science
of mind, they made the strategic choice
to isolate the mental as much as possible
from the physical context. For experimental
purposes, they defined the mind as a separate
‘system’ to be examined independently from
the ‘confounding’ influences of the physical
context. James referred to this as “brass
instrument” psychology, and he was very
skeptical that this approach would ‘add-
up’ to a fuller understanding of human
experience (and there is reason to believe
that Wundt was also quite skeptical about
whether the experimental laboratory could
do complete justice to the full scope of human
experience). Despite James' reservations,
however, most psychologists celebrated and
endorsed the strategic choices of Wundt and
Ebbinghaus. Thus, today they are widely
acknowledged as the fathers of experimental
psychology.

The third diagram
represents the shift to behaviorism. Watson

in Figure 4.1

recognized the difficulties with the construct
of stimulus error, which depended on the
authority of individuals like Titchener to
decide what constituted a valid introspection.
In an attempt to establish a more objective,
empirical basis for experimental psychology,
the behaviorists closed the box on the mind
to focus on “objective’ properties of behavior.
Note, however, that the stimulus remained
a property of mind, since the nature of a
stimulus (e.g., whether it was reinforcement
or punishment) was determined based solely
on the impact on behavior (e.g., whether the
associated behaviors increased or decreased
in frequency).

Although the shifted
attention from introspection to behavior and

behaviorists

although they strongly endorsed the objective
methodologies of the experimental physical
sciences, they maintained a clear distinction
between the content of psychology and the
content of the physical sciences. Thus, the
gap between mind and matter remained.
The fourth diagram in Figure 4.1 represents
the shift from behaviorism to an information
processing view of cognition. This view was
inspired by metaphors from communications
systems and linguistics. Saussure’s dyadic
semiotic system was instrumental, as
were developments in the mathematics of
information theory and the evolution of
computing machines.
From  the  information  theory
perspective, the stimulus was now considered
to be a ‘symbol” and the mind was modeled
as multiple processing stages that operated
on the symbols and transformed them
(i.e., recoded them) in order to construct
meaning and to guide action. Note that
this model remains true to the associative

image of ‘mental chemistry’ with stimulus
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and response defined independently from
any physical embodiment. With this model,
cognition was a disembodied problem
of ‘symbol processing’ or ‘software’ that
could be studied independently from the
‘hardware” upon which it operated.

All four models in Figure 4.1 maintain
a clear distinction between mind and matter.
All are based on billiard ball (or domino)
models of causality. And all, but the original
model of psychophysics, exclude the
physical reality of matter as inconsequential
for a science of mind. With the latter three
models, Psychology is defined as a science
pertaining to aspects of nature that exist in
a reality apart from that of the rest of the
physical world. This is one reason that there
has always been a temptation to isolate
‘humans’ as special or distinctive from the
rest of the natural world (e.g., due to unique
reasoning and /or language capabilities).

At the same time that the mathematics
of information theory and the first electronic
computing machines were being engineered,
there were also significant developments in
the mathematics of control theory and the
development of automatic control systems.
This offered an alternative metaphor for
psychology — the servomechanism or control
system. Unlike the models in Figure 4.1
the servomechanism metaphor challenged
conventional billiard ball models of causality
with the first analytical descriptions of
circular causality, drawing attention to
emergent properties of the holistic closed-
loop organization (e.g., stability).
although the
helped to

legitimize the use of constructs such as

However,
servomechanism  metaphor

‘goal,” “purpose,” or ‘plans’ (that Behaviorists
considered to be too intangible for an
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objective science), overall the construct of
circular causality was not fully appreciated
by most social scientists. This is suggested by
the top model in Figure 4.2.

While feedback loops were added to
close-the-loop in the diagrams, the theory
and methods of experimental psychology
continued to focus on the ‘forward-loop’
component of the system. The focus tended
to be on deriving open-loop transfer
functions for the various stages of processing,
with the implicit motivation that complete
models of the components would ‘add-up’ to
an understanding of the dynamics of the total
closed-loop system. Thus, typically the ‘mind’
was identified with the ‘controller” element
that was nested within the larger closed
loop system. The other elements making
up the closed-loop system, the ‘goal’ and
the ‘environment’ were treated as extrinsic
variables (these would typically reflect the
independent variables in experiments). Thus,
the feedback portion of the diagram was
considered to be an extrinsic constraint on
the “controller’ (i.e., mind).

Some (e.g., Brunswik, Dewey, Gibson,
James, von Uexkiill), however, began to
realize that stability of the closed-loop
dynamic depended on tight coordination
between the ‘agent’ (i.e., controller) and the
‘environment’ (i.e., the “plant’ or “ecology’). In
order to better understand the coordination
at a more holistic level, it became necessary
to consider the environment/ agent fit. This is
the significance of the term ‘ecology’ (in the
second model in Figure 4.2) to emphasize the
need to consider the environment in relation
to the action capabilities, the goals (and/or
needs), and the perceptual attunement of the
agent. This inspired Gibson to reframe the
approach to visual ‘information’ in terms of
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Figqure 4.2 Three images of human experience that explicitly recognize the functional coupling of mind
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geometric properties of optical flow fields in the second diagram in Figure 4.2) is that

that provided specific information relative to
action (e.g., locomotion) in the ecology (e.g.,
imminence of collision). He also reframed the
specification of properties of the ecology in
action relevant terms (i.e., affordances). This
was a necessary step in order to understand
the dynamics of the closed-loop system
where perception and action are intimately
coupled as a result of feedback.

Another consequence of a move toward
a more ecological perspective (illustrated

the dynamics of circular causality become
more apparent. Thus, the environment (i.e.,
disturbances) and goals are no longer seen in
the context of “‘causes,” but are rather seen as
‘constraints.” As constraints, they no longer
determine behavior, but rather they invite
or shape behavior. Goals can be viewed as
either independent variables (e.g., imposed
by the experimenter) or as dependent
variables (reflecting internal preferences or
choices of the agent).

49



The third model in Figure 4.2 further
emphasizes the circular dynamic and the
consequential intimate relation between
agent and ecology. Note that little changes
relative to the other diagrams in terms of
the logic of box diagrams. The connections
between boxes are essentially the same, with
action affecting the ecology; that in turn,
impacts perception; that informs cognition,
which guides action. However, by revising
the model to give precedence to action, the
ecology now clearly becomes an intrinsic
property of the dynamic of experience (i.e.,
it is embedded within the elements typically

attributed to mind).

In this context, action is perceived in
relation to the functional consequences in
the environment (e.g., affordances), which
in turn provides meaningful information, so
that the internal cognitive models can learn
and adapt as a result of these consequences.
This provides one way to think about James’
monist ontology of Radical Empiricism. That
is, the dichotomy between mind and matter
is obliterated and the ‘physical’ and ‘mental’
aspects of experience are seen as conjoint
components of a single reality of experience.
Figure 4.3 pushes the case for
integrating mind and matter into a single
further. The

suggests that the need for a separate box

system still top diagram
for the ecology is unnecessary. Instead, the
ecological constraints can be distributed
across the cognitive functions as in the third
diagram. In this diagram, each of the boxes
represents a general information processing
function that is jointly constrained by
properties of agent (i.e., mind) and ecology
(i.e,, matter). This new view portrays the
functionalist perspective (e.g., Peirce, James,
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Dewey, Angel) in which the conceptual
objects are pure functions that involve
relations between agent and ecology. The
final model in Figure 4.3 provides alternative
terms for these basic functions. This is
necessary to avoid confusion from the
classical perspective where the information
processing  functions are viewed as
components of mind (in the head) without
reference to the physical context.

Figure 4.3 suggests an alternative
way to parse the problem of human
experience that begins with the explicit
assumption that the functions of information
processing are intrinsically relational. For
example, it assumes that perception can
only be understood relative to the joint
constraints of source (i.e., structure in the
world) and receiver (i.e., structure in the
head; perspicacity); that action can only be
understood relative to the joint constraints of
effectors (e.g., legs) and object (e.g., surfaces
of support) and that cognition can only be
understood relative to the joint constraints of
means (e.g., heuristics, hypotheses) and ends
(e.g., intentions, consequences).

The parsing illustrated in the bottom
of Figure 4.3 also provides a unique bridge
between experimental psychology and
applications to design. The three functions
suggest both the ways that experimentalists
can query the system (i.e., classes of
independent variables) and the ways that
designers can alter the experience dynamic
through training and design (i.e.,, ways to
shape performance). Note that in either
the case of experimentalists or designers
the possible manipulations do not ‘cause’
behavior, but rather, they shape behavior
through changing the range of functional

opportunities or possibilities. Within the
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circular dynamic, the classical notion
of ‘cause’ does not make sense. Rather, it
becomes necessary to think in terms of
‘constraints.’

Although the diagrams in Figures
4.1- 4.3 have been presented as a kind of
historical progression, it is probably true
that all the various perspectives have their
proponents active

among psychologists

A Second

One of the difficulties of the block diagram

format for representing the alternative
parsing of the problem is the ‘negative
transfer’ that results from experiences
with the classical dualistic ontology and its
parsing of cognition. Most people who have
been trained in more classical paradigms
instinctively want to identify some boxes
with the mind or agent and other boxes
with the environment. The puzzle pieces in
the opening plate for this chapter provide
an alternative form for visualizing the
differences between a monist approach to
experience and the conventional dualist
ontology.

The left side of the opening picture
shows the pieces of the puzzle that are
considered by conventional approaches
to mind (e.g., Gregory) that are based on a
dyadic model of the semiotic problem. In fact,
the focus has been primarily on the middle
piece (perspicacity — internal logic) with the
other two pieces (intention — motivation;
and effectivity — motor control) being of

relatively peripheral interest, because these

52

today. This is one source of confusion within
the field of psychology'. A common term
like ‘stimulus’ has a very different meaning
across the various modeling perspectives.
For the psychophysicist the stimulus is a
physical property of an object, for others the
stimulus might be a sensation, satisfaction of
a biological need, a symbol, or an error with
respect to a goal.

Perspective

elements were more closely associated with
the physical body, rather than the mind.

One may characterize this approach as
focusing on how the internal information
processes (the perspicacity piece) connects
intention with action (the effectivity piece).
For this approach, the right side of the
puzzle is of little interest. This approach has
assumed a dualistic ontology, separating
Mind and Matter as different realities. The
sources of information outside the head are
typically treated as arbitrary, consistent with
Saussure’s dyadic model of semiotics.

Thus, Matter is left to the physical
sciences and What Matters is left to domain
experts. For design, the focus of classical
approaches (i.e, human factors; HCI) has
been on generalizations to insure that the
Red button in the earlier cartoon (Chapter 3)
is easily seen and easily activated. However,
this approach has little to offer with respect
to what is on the other side of the button.
The focus exclusively on the elements on
the left side of the puzzle has been justified



with the claim that ‘it is the same head.” The
implication is that anything we learn about
the head/brain, in whatever context, will
generalize to other contexts. The implication
is that context doesn’t matter. The implication
is that the internal mechanisms of information
processing can be understood as independent
elements from the ecologies within which
they have evolved.

Interestingly, = modern  Ecological
Psychologists (e.g., Michael Turvey?) have
also assumed an effectively dualistic
ontology. However, for them the right
side of the puzzle matters, because they
have framed the problem of cognition as a
closed-loop triadic semiotic system. Thus, in
addition to exploring what'’s inside the head,
it becomes important to consider the ecology
that the head is inside of. Thus, the construct
of affordance was invented by Gibson to
characterize both the functional opportunities
(i.e., possibilities) and consequences that an
ecology offers to an animal.

Additionally, the information structure
in the ecology (e.g., in terms of invariants
or patterns in optical flow fields) becomes
important as the potential information link
between mind and matter (e.g., to specify
reachable). So,
approach has a more holistic view of the
system that includes both Mind and Matter.
The ecological approach is based on the

what is the Ecological

strong assertion that context does matter!

Thus, the key difference between Gregory’s
and Turvey’s view has to do with the
semiotic systems. Gregory frames the
semiotic problem as one of interpreting
arbitrary signs or impoverished cues. For
Gregory, meaning exists only in the mind of
the observer and there is an implication that

the observer is a passive receiver of stimuli,

which then are actively processed (i.e., it is
an open-loop process).

In contrast Turvey assumes that the
external world is full of meaning and the
meanings are well specified to an observer
who is capable of exploring that world. For
Turvey perception and action are intimately
linked in a closed-loop dynamic that allows
the achievement of a skilled fit between
situations (matter - the ecology) and
awareness (mind).

Despite  the

Gregory and Turvey with respect to the

differences  between
semiotics, they share an essentially dualistic
ontology. This can be a problem and a
potential source of many contradictions for
exploring problems associated with What
Matters. In both cases, there remains the
ultimate problem of two realities — one real
world that exists out there independently
from the observer and another different real
world in the mind of the observer.

Although the gap between mind and matter
is much bigger in Gregory’s approach,
there remains a gap for Turvey to cross. In
particular, there have been endless debates
about the construct of Affordance. Where
does it fit into the puzzle? Is an affordance
a property of the ecology (matter)? Or is
an affordance a property of mind? Peter
Hancock once posed the question: “if the
hand is in Ohio and the cup is in China
does it afford grasping?” Another, problem
that some have is with the relation between
affordances and information. If the cup is on
the table within arms reach, but the lights
are out and it can’t be seen, does it afford
reaching and/or grasping? Thus, there is
another dualistic dilemma. What reality does
affordance belong to?
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An answer to this dilemma is represented as
the central portion of the opening plate. This
represents a unified ontology of experience
where each of the fundamental elements is
a joint function of Mind and Matter. Thus,
the element of Satisfying is the coupling
(Mind) with
consequences (Matter). This element helps

of intentions and values
to answer questions about ‘why’ an agent
is attracted to some things and repelled
by others. This addresses the values that
motivate and direct action.

The element Specifying is the coupling
or attunement between the
information (e.g., geometric structure
of optical flow field) (Matter) and the
‘subjective’ interpretation (e.g., whether a
field will be reachable in a glide) (Mind). This

element is associated with what an agent can

‘objective’

‘see” or ‘’know’ about the state of experience.
It provides the ‘feedback’ that can potentially
guide the agent to act in ways that might
be satisfying. = Constraints  associated
with specifying play an important role in
determining the experience of awareness.
The element Affording is the coupling of
motor effectivities (e.g., an opposable thumb
- agent-based) and the opportunities in the
ecology (e.g. the size of the cup - object-
based). The affording element provides the
means for changing state and, thus sets the
constraints on what states can be reached.
Thus, the

affording help to determine the nature of the

constraints associated with

situation.
Note that controlled action is a
function of all three components - a

direction (satisfying), a means for moving
(affording), and feedback to discriminate
whether motions are in the right direction
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(specifying). The ability to consistently
achieve satisfactory outcomes based on
accurate assessment of the situation is what
pilots mean when they say that a person has
‘good situation awareness.’

Thus, an answer to Peter Hancock’s
question is that the cup in China affords
grasping, but it does not afford reaching, and
the information to specify the grasp-ability is
not available to the person in Ohio. So, the
possibility of grasping exists, but it cannot
be realized due to situation and awareness
constraints.

As to the cup in the dark, it affords
reaching and grasping, but this is not
though it
discovered through proprioceptive feedback

specified visually, may be