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Preface

It all started in the summer of 1966 when the two of us first met at a
conference in Driebergen, The Netherlands. We were both on circuitous
paths to La Jolla—PHL from Toronto, DAN from Harvard. The University of California had just started its new campus at San Diego and
the undergraduate program in psychology did not yet exist. We decided
to teach an introductory course jointly. So began Psychology 11.
Our goal was to try to convey the excitement of modern experimental
psychology to the beginning student. We wanted to explain what we, as
researchers, were doing in our laboratories. We wished to get the students actively involved in working with the concepts of psychology,
rather than simply committing to memory long lists of facts and experiments. We wanted to communicate how we think and how we approach
the study of the human mind.
We did not meet with immediate success. It was painful to discover
that things that seemed so interesting to us were not always so interesting to the student: but gradually we learned how to teach introductory psychology. As our experience developed, so did our backlog
of notes and ideas. The course took hold, the enrollment climbed.
But we were hampered by lack of a suitable text. The only way to get
one seemed to be by writing it ourselves.
So here it is. We have learned in the teaching and writing of this
material. It has forced us to crystallize our ideas and today we are
even more excited about psychology than when we began. We wait with
impatience the advances that will occur during the next few years. The
framework presented within this book has become our guide to the
study of psychology.
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Notes to the reader

We do not know all about the human mind. But we have learned how
to go about looking for what we do not know. This book introduces
some of the techniques that have been used in that search. More than
merely telling what is and is not known, we emphasize the way things
are learned. Throughout the book, we attempt to develop specific models
of particular phenomena. By using these models, we can uncover the
reasoning underlying particular theoretical explanations as well as point
up the strengths and weaknesses of the theories.
Although the models in this book cannot accurately reflect the complexity and sophistication of human thought processes, they do help to
clarify the issues and pinpoint the important and unimportant aspects
of a problem. But the simplicity of our models is to be expected. Man
is just beginning to understand his own mind.
In the first seven chapters of the book we introduce some problems
in perception and ask what kind of a system is needed to produce the
properties of human perception. After grappling with some of the
theoretical problems, the actual physiological mechanisms are presented in some detail. The ways in which neurological circuits can be
constructed to perform many of the necessary first steps in pattern
recognition is considered. After examining the basic properties of neural
circuits and of seeing and hearing, we return to the general problem of
perception to show that what is known about the physiological mechanisms cannot provide the whole explanatory picture: Some major psychological problems remain unsolved.
We move from perception and pattern recognition to memory, which
occupies the next section of the book, Chapters 8-11. Memory plays an
essential role in all human intellectual activity, and its nature and function must be thoroughly explored. We begin with an examination of
intellectual processes in humans, centering around the properties of the
memory system. In Chapter 8 the neural basis of memory is studied, including what is known about physiological substrates of memory and the
impairments to human memory caused by various types of physiological
disorders. Chapter 9 introduces the literature on short-term memory and
on attention. The reconstructive nature of short-term memory and its
role in a number of aspects of human performance is explored.

xxvi

NOTES T O T H E

READER

In Chapters 10 and 11 we consider a possible model for representing
the storage of information within long-term memory. This is an area of
investigation that is relatively untouched in modern psychological investigations, yet is fundamental for understanding many of the higher
mental processes in humans. This memory model plays a central role
in the chapters that follow.
In the final tacit division of the text, Chapters 12-17, we examine
cognitive process. Building on the material of Chapters 10 and 11,
Chapter 12 presents the study of language as a means of communication.
Communication is emphasized because it is the central reason for the
existence of language. The development of language in children is analyzed from this framework. Chapter 13 examines the mechanisms for
learning, and the stages of intellectual development that a child goes
through from birth through adolescence.
In Chapters 14-16 we consider adult intellectual behavior, with an
analysis of problem-solving behavior, an examination of decision making,
and an analysis of social influences upon human decisions. In the last
chapter, motivation and emotion are discussed. In doing so, we return to
some of the problems raised in Chapters 1 and 3. Starting with a prototypical model of a motivational system, we explore the way in which
the chemical and biological states of the body interact with cognition
to control emotions and human behavior.
Chapters 1-17 complete the text, but the appendices, which present
some of the more technical material, remain. Appendix A briefly discusses
the problem of measurement in psychology and then, at greater length,
discusses magnitude estimation procedures, including some sample
tasks. Appendix B presents a problem in decision making and introduces the important technique of operating characteristics (commonly
known as d! and ROC curves).
The literature of a science constitutes its foundation. We introduce this
literature in two ways. References to the points discussed in the book
are cited in the chapter text and in the "Suggested Readings" at the
end of each chapter. This special section serves several purposes. First,
there is an expansion, with brief comment, of the references used for the
chapter material. This is where major credit is given to the sources of the
materials in the text. By following both the references given in the
chapter itself as well as those in the "Suggested Readings," it is possible
to trace the history and the details of the material presented within the
chapter.
Second, there is a list of reading matter that can be used to guide
those who wish to pursue any of the topics in more detail. General
review articles and books that cover the material are cited. These
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sources will in turn lead to even more specific (and usually more
advanced) readings. We often cite works that we found interesting in
the course of our studies, even though they may not have been used
directly in the material within the chapter itself. Information on how to
search for additional reference material is given in the section "Using
Basic Reference Material" at the end of the book. The complete reference for any citation given in the text or "Suggested Readings" can be
found in the "References" at the end of the book.
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INTERPRETING SENSORY MESSAGES

The goal is to understand the mechanisms of perception. The task before
us is to discover the psychological processes that are operating and
as much as possible of the wiring diagram of the neural networks that
are involved. The problems are numerous. When we read the printed
letters on a page of text, the conversion from the visual symbols on
the page to meaningful phrases in the mind is performed rapidly and
without effort. Similarly, speech is heard as meaningful words, not as
a jumble of sounds that must somehow then be translated to make
sense. When we walk about in the environment, we recognize the objects
before us immediately and without effort. If there is a sound on the
left, we hear it on the left. When we come to a curb, we step up
or down at the right time, and when we pick up a pencil, no conscious
thought processes are involved, either in the recognition of that object
as a pencil, in the control of the arms and hands to grasp the object,
or in the way by which the pencil gets is put to use.
We start the story of perception with the study of pattern recognition:
how the external signals arriving at the sense organs are converted into
meaningful perceptual experiences. Ordinarily, the objects and events
around us are recognized with such apparent ease and immediacy that
it is easy to assume that the operations involved are simple and direct.
But the experience of engineers has proven the illusiveness of the task.
There exists no machine that is capable of recognizing sounds and symbols normally encountered in the environment. The numerous attempts
to build pattern recognition systems have failed to achieve the flexibility
and power of the perceptual systems of even primitive animals. Let
us start by seeing why the task is so difficult.

INTERPRETING
SENSORY MESSAGES

Template matching is the simplest of all the possible schemes for classifying and recognizing patterns. For template matching, there must be some
representation—a template—for each of the patterns to be recognized.
Recognition is accomplished by matching the external signal against
the internal template. The one that matches best identifies the pattern
present.
Consider how a template scheme might work in detecting signals
that are presented visually. Suppose the task is to recognize letters of
the alphabet. For the present discussion, assume that when a letter
is presented, its image falls upon the rear surface of the eye, the area
called the retina. The retina is composed of many hundreds of thousands
of light-sensitive nerve cells, called receptors. Details of how these receptors operate will be discussed in later chapters; for the moment, let us see
how they might be interconnected to recognize the letters of the alphabet.

Matching

templates

1 HUMAN PERCEPTION

2
Receptors

FIGURE 1-1

Letter to
be recognized

The eye

If the letter A is presented to the eye, it excites a pattern of receptors
on the retina. If we were to interconnect these receptors together to
a single detector cell, we would have a template of receptor cells specifically designed to detect the occurrence of the letter A. Thus, a possible template for A is shown in Figure 1-2.1 When the light pattern
FIGURE 1-2

Retinal detectors

stimulates just the right set of receptors, the "A detector" begins responding vigorously.
1

In the diagrams that follow, the fact that the lens of the eye inverts the image is
conveniently ignored. This makes it easier to draw the diagrams and talk about the
various pattern recognition schemes. Obviously, the principles of connecting together
the receptors are unchanged whether the retinal image be upside down or rightside
up.

s
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FIGURE 1-3

""-"-Retinal detectors

Image

\

A
"No"

FIGURE 1-4

X. detector )
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4
Figure 1-4

A different selection of receptors makes a template for L. Still another
arrangement produces a template for N. By continuing in this fashion,
it is possible to make templates for each pattern to be recognized.
Template matching is a straightforward scheme for recognizing patterns. Note that it does have one interesting feature: It matches the
incoming pattern against all of the possible templates simultaneously.
That is, it doesn't have to go through the cumbersome procedure of
trying out a succession of templates one at a time to find the one that
fits best. It looks for all of the letters at the same time: The template
that provides the closest match to the incoming pattern is the one that
is most strongly activated.
This simple version, however, is easy to dismiss as a model of human
pattern recognition. Look what happens if the letter is printed slightly
crooked, too big, or too small, respectively:

FIGURE 1-5A
TEMPLATE MATCHING ORIENTATION
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TEMPLATE MATCHING SIZE

"No"

FIGURE l-5b

TEMPLATE MATCHING SIZE

FIGURE l-5c

Thus, the system fails unless it has an exact template for the incoming
pattern.
There is a choice of strategies for modifying the template scheme
to handle these problems. More templates can be added—one for each
possible size and orientation of the letter to be recognized:

6

1 HUMAN PRECEPTION

FIGURE 1-6

TEMPLATE MATCHING DIFFERENT SIZES

Alternatively, the symbols can be preprocessed to put them into a standard format before attempting a template match.
Many computer programs and machines that use a template system
for recognizing patterns perform preprocessing. Before attempting to
recognize the pattern, the letter is rotated so that its long axis is vertically
oriented. It is then scaled in size to a preset height and width. Finally,
the preprocessed signal is matched against a standard set of templates.
FIGURE 1-7
"Yes"

A

Adjust
size

The best known working example of a template-matching scheme
illustrates some of its limitations as a method for pattern recognition.
On the bottom of bank checks, the serial number and checking account
number are printed in special characters that can be read both by humans and by the check-sorting machines connected to the computers
of the bank's clearing house. The characters are read off the check by

PATTERN
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RECOGNITION

a scanning device and are identified by an electronic template-matching
system. Note the characters.

m

SOUTHERN CALIFORNIA
FIRST N A T I O N A L BANK

LA JOLLA SHORES OFFICE
2256Avenida Oe La Playa. La Jolla.California 9 2 0 3 7
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FIGURE 1-8
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A great deal of effort went into designing them to be as distinct
as possible from one another. They must be printed on the checks with
a special machine to ensure the exact size and positioning of the letters.
When the checks are read by the scanning device, misalignment can
lead to errors. Template matching is the simplest scheme to build; it
is also the easiest to go wrong.
It seems unlikely that templates could account for human pattern
recognition. The variety in the patterns that must be dealt with poses
considerable problems for a template scheme. They can be handled,
but each must be treated as a special case, and the system soon becomes
very complex and unwieldy. Moreover, a template scheme cannot recognize novel versions of patterns for which it has no template. Humans
can succeed. Clearly then, a more powerful and flexible system is needed
to account for the capabilities of human pattern recognition.
Analysis by template matching fails. We need no experiments to discover
this; simple logic is enough. But what are the alternatives? It is time
to examine the phenomena of perception.
Things do not always appear as they actually are. What we see or
hear is not always what is. Often, the perceptual system makes errors:
Sometimes we see illusions, sometimes the perceptual system requires
time to recover from prolonged stimulation, and sometimes it requires
time to interpret the image presented to it. All these phenomena are
valuable to us because the mechanics of a system are frequently revealed
primarily through its errors and distortions. When all works smoothly
and properly, it is difficult to know where to begin the search. But
when failures occur, the analysis of those failures can be very revealing.
So now let us examine some perceptual phenomena for the basic principles that can be extracted from them.
Let us start by examining how sensory information gets interpreted.
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