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PREFACE

ne of the most challenging mysteries remaining to science is the human mind.

"The brain, which serves as the core engine of the mind, is the most complex object
in the universe. It is made up of billions of cells sending signals back and forth to each
other over trillions of connections. How can we make sense of all this? Recent years have
seen great strides in our understanding, and this has been due in part to developments
in technology. In this book, we provide an up-to-date introduction to the study of the
mind, examining it from an interdisciplinary perspective. We attempt to understand the
mind from the perspective of different fields. Among these are philosophy, psychology,
neuroscience, networks, evolution, emotional and social cognition, linguistics, artificial
intelligence, robotics, and the new framework of embodied cognition. Beyond this, we
make attempts to bridge some of these fields, showing what research at the intersection
of these disciplines is like. Each chapter in this text is devoted to a particular disciplinary
approach and examines the methodologies, theories, and empirical findings unique to
each. Come with us as we explore the next great frontier—our inner world.

WHAT’S NEW IN THIS EDITION

For this fourth edition, new content has been added throughout. In Chapter 1 (Intro-
duction), the treatment of formal logic and production systems has been more richly
elaborated with concrete examples. Also, a summary of the new Embodied Ecological
Approach in Chapter 14 has been included. In Chapter 2 (The Philosophical Approach),
a more in-depth exploration of syllogistic reasoning has been added, along with a
more detailed discussion of reductionism and how it contrasts with emergence. Also,
the discussion of Searle’s Chinese room thought experiment has been expanded. In
Chapter 3 (The Psychological Approach), a discussion of intelligence tests has been
added. In Chapter 4 (The Cognitive Approach I), the description of Anne Treisman’s
feature integration theory of visual attention was expanded, along with some discus-
sion of Desimone and Duncan’s biased competition account. In Chapter 5 (The Cogni-
tive Approach II), a section on conceptual representation has been added. In Chapter 6
(The Neuroscience Approach), the descriptions of various brain-recording methods
have been expanded, and discussions of the somatosensory homunculus and of sparse
distributed coding were added. In Chapter 7 (The Network Approach), treatments of
Elman’s simple recurrent network and McClelland and Rogers’s connectionist model
of category knowledge have been added, along with an expanded discussion of pattern
completion. In Chapter 8 (The Evolutionary Approach), a discussion of foraging skills in
animals has been included, and the treatment of gender differences in spatial abilities has

Xix



XX

been expanded. Chapter 9 (The Linguistic Approach) has been substantially rearranged.
The role of linguistics (and Chomsky in particular) in the formation of cognitive science
is emphasized early on. The treatment of phonology, morphology, syntax, semantics,
and language acquisition has been expanded significantly. Also, sections on spoken word
recognition and cognitive linguistics have been added. In Chapter 10 (The Emotional
Approach), Lisa Feldman Barrett’s proposal that emotions are not discrete but can par-
tially overlap one another has been added, as well as a discussion of how color perception
can influence affect. In Chapter 11 (The Social Approach), the discussions of the mir-
ror neuron system, autism, the prisoner’s dilemma, and stereotype formation have been
slightly expanded. Chapter 12 (The Artificial Intelligence Approach I) has been substan-
tially rearranged in its treatment of Alan Turing and Lotfi Zadeh, with a new focus on
intelligent agents, Bayesian probability, deep learning, and brain—computer interfaces.
In Chapter 13 (The Artificial Intelligence Approach II), the discussion of reactive and
deliberative architectures has been expanded and sections have been added on robotic
embodied intelligence, evolutionary algorithms, and swarming robotics. Chapter 14
(The Embodied Ecological Approach) was converted from a “future-looking conclu-
sion” chapter into a “state-of-the-art dynamical, embodied, ecological” chapter. The dis-
cussions of dynamical systems theory and ecological perception have been significantly
expanded, and a section on embodied cognition has been added.

COGNITIVE SCIENCE
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CHAPTER O N E

INTRODUCTION

Exploring Mental Space

A BRAVE NEW WORLD

We are in the midst of a scientific revolution. For centuries, science
has made great strides in our understanding of the external observ-
able world. Physics revealed the motion of the planets, chemistry
discovered the fundamental elements of matter, and biology has told
us how to understand and treat disease. But during much of this
time, there were still many unanswered questions about something
perhaps even more important to us—the human mind.

What makes mind so difficult to study is that, unlike the phe-
nomena described above, it is not something we can easily observe,
measure, or manipulate. In addition, the mind is the most complex
entity in the known universe. To give you a sense of this complexity,
consider the following. The human brain is estimated to contain
10 billion to 100 billion individual nerve cells or neurons. Each of
these neurons can have as many as 10,000 connections to other neu-
rons. This vast web of neural tissue is the core engine of the mind
and helps generate a wide range of amazing and difficult-to-under-
stand mental phenomena, such as perception, memory, language,
emotion, and social interaction.

The past several decades have seen the introduction of new
technologies and methodologies for studying this intriguing organ,
and its relationship to the body, and to the environment. We have
learned more about the mind in the past half-century than in all the
time that came before that. This period of rapid discovery has coin-
cided with an increase in the number of different disciplines—many
of them entirely new—that study mind. Since then, a coordinated
effort among the practitioners of these disciplines has come to pass.
This diversely interdisciplinary approach has since become known
as cognitive science. Unlike the sciences that came before, which
were focused solely on the world of physical events in physical space,
this new endeavor now turns its full attention to discovering the
fascinating mental events that take place in mental space.

Learning
Objectives

After reading this chapter,
you will be able to:

1. Listatleast five
disciplines that participate in
the field of cognitive science.

2. Describe what a mental
representation is.

3. Describe what mental
computation is.

4. Define what
interdisciplinary means.





