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Prerace

That psychology has a long past but a short history is an observation particularly
applicable to cognitive psychology. The questions of main interest to the con-
temporary cognitive psychologist—how we perceive, how we acquire knowledge,
understand the world and each other, solve problems, how we store information
in memory—all these are questions people have puzzled over for centuries.
But it is only recently that these questions have been examined from the per-
spective of a scientific discipline. This examination began in the nineteenth
century, when psychology gradually emerged from philosophy with the in-
sistence that observations concerning the mind had to be quantified. Although
contemporary cognitive psychology, about twenty years old, has its roots in such
traditional experimental psychology, it differs from it in both method and inter-
pretation of data, and has a view of human behavior broader than the one of the
early experimentalists. This book aims to describe and summarize the develop-
ments that have derived from this new orientation and, in so doing, to give a
comprehensive and unified picture of contemporary cognitive psychology.

The number of articles and research reports reviewed in preparation of the
manuscript was many times that now presented in the completed book. Many
worthwhile reports, then, have been omitted simply because their inclusion
would have made for an unmanageably long volume. Those chosen were se-
lected, first, according to whether they represented the mainstream of cognitive
psychology. Of those satisfying the first requirement, studies that changed
the course of cognitive psychology, added a new dimension, or opened a new
area to research were given preference over those that amplified or validated
results of earlier studies. Final winnowing was on the basis of the interest in-
herent in the experimental design or the manner of presentation; of course, no
significant source was discarded simply because it was not readily accessible
or was inelegantly presented.

The book is meant primarily for use at the undergraduate level, though, of
course, the line between undergraduate and graduate education is no more
fixed than is the curriculum of a given institution or the backgrounds of its
students. | have avoided jargon and technical terms wherever possible. The
book progresses, in general, from sensation to thinking. The first part—the de-
tection and initial processing of information —encompasses perception, pattern
recognition, word and letter processing, and attention. The second part, on
memory, devotes separate chapters to memory models, short-term memory,
long-term memory, semantic memory, and mnemonics. The last part, which deals



\'A
PREFACE

with “higher-order” cognitive functions, includes chapters on imagery, language,
developmental cognition, thinking, and computer simulation of cognition.

Each chapter should require about a week of classroom time. In some cases
it will be useful to exclude some chapters and concentrate on others. For ex-
ample, a course emphasizing memory might concentrate on Chapter 1 and
Chapters 5-11, while one emphasizing the sensory-perceptual side of cognitive
psychology could concentrate on Chapters 1-5 and perhaps 13 and 15.

Two experiences greatly influenced my decision to attempt a comprehen-
sive book on cognitive psychology. The first was serving as coordinator of the
Loyola Symposium on Cognitive Psychology between 1972 and 1974 and my
subsequent editing of the three volumes based on it. This put me in direct con-
tact with many of the theorists in the field and with their writings, providing me
with a corpus of information. The second was a year spent at Stanford University,
where Professor Edward E. Smith’s lucid exposition of courses in human mem-
ory shaped my orientation toward cognitive psychology.

Deserving of particular acknowledgment for their contribution to the making
of this book are the hundreds of previous writers and researchers whose work
is its basis. | have made every effort to report accurately each author's results
and interpretations—even where | differed with him or her. Acknowledged with
thanks, too, are the comments (and patience) of undergraduate and graduate
students from the University of Idaho, Stanford University, and Washington State
University who used this book in manuscript form.

| wish also to express my appreciation to the many colleagues and friends
listed below who read and criticized parts of this manuscript. Each provided
expert advice that greatly enhanced the final product.

Charles Clifton, University of Massa-
chusetts

Fergus Craik, University of Toronto

A. Brady Farrand, Stanford University

Robert Gregory, University of Idaho

Robert Haygood, Arizona State Uni-
versity

Keith Holyoak, University of Michigan

Ronald Hopkins, Washington State
University

Earl Hunt, University of Washington

Connie Juel, University of Texas

Jerome Kagan, Harvard University

Judith Kroll, Rutgers University

Carol Krumhansl|, Rockefeller Univer-
sity

Dominic Massaro, University of Wis-
consin

Mark Mayzner, Loyola University

Douglas Medin, University of lllinois

David Meyer, Bell Laboratories

Philip Mohan, University of Idaho

Gary Olson, University of Michigan

Dorothy Piontkowski, Stanford Univer-
sity

David A. Rosenbaum, Bell Labora-
tories

Professor Fred Morrison of the University of Minnesota wrote most of Chap-

ter 13; his skillful contribution is deeply appreciated. | wish also to express
particular appreciation to Professors Earl Hunt and Mark Mayzner, whose expert
advice significantly affected the content and organization of the book. Professor



Charles Clifton of the University of Massachusetts labored over each revision of
the manuscript and deserves special thanks and praise. The highly skilled and
professional staff at Harcourt Brace Jovanovich has my sincere thanks—
especially Judith Greissman and Phil Ressner. Barbara Scrivner typed the manu-
script from my handwritten notes, and her skill and patience are gratefully
acknowledged.

In a discipline like cognitive psychology, in which new research is the
keynote, a book can never be said to be truly completed; nevertheless, | can
now genuinely appreciate fellow Nebraskan Willa Cather's comment that “there
are few experiences more delicious than the completion of a book.”

ROBERT L. SOLSO
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PREFACE



conTenTs

Preface v

i 1
i iti hol , 4/Antecedents of modern cognitive psy-
The domain of cogmtlvepsyc ology /' ‘n g psy INTRODUCTION
chology, 8/Conceptual science and cognitive psychology, 14/ 4

ParT 1 DETeCcTIoON anb Processing

Sensation and perception, 26/Signal detection theory, 31/Perceptual span, 34/ 2
Preperceptual visual store (iconic memory), 36/Preperceptual auditory store DETECTION OF
(echoic memory), 45/Function of sensory stores, 48/ SENSORY
SIGNALS 25
3

Approaches to visual pattern recognition, 53/Pattern recognition —the role of

the perceiver, 83/ PATTERN REC-

OGNITION 51

4
Perceptual span, 89/Communication and information theory, 95/Familiariza- LETTERS,
. - ) WORDS, AND
tion: word frequency and word recognition, 97/Contextual effects: words and INFORMATION
letter identification, 103/Word recognition: three hypotheses, 114/ )
4 P PROCESSING
THEORY 85
Processing capacity and selective attention, 120/Models of selective attention, 5

126/Control and attention, 140/Consciousness, 142/ ATTENTION 117



PArT 2 memory: STructure anb Process

6
MEMORY STRUC-
TURES AND
MODELS 147

7
SHORT-TERM
MEMORY 173

8
LONG-TERM
MEMORY 203

9
SEMANTIC OR-
GANIZATION AND
MEMORY 233
10
MNEMONICS AND
MEMORY 263

Early studies, 148/The structure of memory, 152/Memory in the larger cognitive
domain, 156/Models of memory, 158/

Capacity of STM, 176/The coding of information in STM, 184/Retrieval of infor-
mation from STM, 194/Forgetting in STM, 201/

LTM: storage and structure, 204/Very-long-term memory (VLTM), 208/Forgetting,
214/LTM organization and retrieval of information, 229/

Theories of semantic organization, 234/Associationist approach: development,
236/Semantic memory: cognitive models, 242/

Mnemonic systems, 264/Faculties underlying mnemonics, 276/Extraordinary
memories, 277/

ParT 3 HIGHEer-orber cocniTion

1
MENTAL
IMAGERY 289

12
LANGUAGE 311

CONTENTS

Historical overview, 290/Quantitative assessment, 292/Cognitive approach,
292/Against mental imagery: Pylyshyn, 309/

Linguistic hierarchy, 313/Chomsky's transformational grammar, 316/Psycho-
linguistic aspects, 319/Non-verbal abstraction, 337/



13

Piagetian perspective, 348/The information-processing perspective, 360/Pia- COGNITIVE
getian vs. information-processing perspectives, 368/ DEVELOPMENT
347
14
THINKING,
Thinking, 373/Concept acquisition, 383/Problem solving, 395/ CONCEPT FORMA-
TION, PROBLEM
SOLVING 371
15
Computer capacities, 414/Memory and Al, 425/Al and language processing, ARTIFICIAL
429/Problem solving and Al, 436/Robots, 442/ INTELLIGENCE
411
Appendixes 445
Bibliography 453
Author Index 483
Subject Index 493
Xi

CONTENTS



Cognitive psychology deals with how we gain information of the world, how such
information is represented and transformed as knowledge, how it is stored,
and how that knowledge is used to direct our attention and behavior. It involves
the total range of psychological processes—from sensation to perception,
pattern recognition, attention, learning, memory, concept formation, thinking,
imaging, remembering, language, emotions, and developmental processes—
and cuts across all of the diverse fields of behavior.

Although this chapter is called an “introduction,” in a sense the topic of
the entire book is an introduction to cognitive psychology. This chapter, how-
ever, in contradistinction to the remainder of the book, offers a general picture
of cognitive psychology and reviews its history and the question of how knowl-
edge is represented in the human mind.

We begin with an example of a common event; a motorist asking a police-
man for directions. Though the cognitive process involved would seem to be
simple, it is not.
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Motorist: Say, I'm new in this town; can you tell me how to get to
Pay-n-Pak?
Policeman: Well, did you want the sporting goods or hardware, be-
cause they have two different stores.
M:  Oh. Well . ..
P: | guess it doesn't make any difference because they're
across the street from each other.

M: I'm looking for plumbing actually; a novelty toilet seat.

P:  Well, they've got that in hardware.

M: In the hardware.

P: Yes, in the plumbing area. So . . . do you know where the
coliseum is?

M: Is that the building with the kind of cone-shape or is that

the one that . . .

P:  No, but you know where that is—that's the Expo site; re-
member, they had the Expo in 1974.
Oh yes, | know where the Expo is.
Okay, that's the Expo site. Well, it's kind of hard to get
there from there, but if you go down from where you are
now, if you go down this street one stop-light and then to
the flagpole, turn right one block to another light, and
then make a left, go over the train tracks past the lake to
the next stop-light near the old mill ... Do you know where
the old mill is?

M: Is that the street on the bridge that says one-way street
up to the old mill?

P: No, it's two-way.

M: Oh, it must be the other bridge. Okay, | know which
street . . .

P: Okay, you go up past the old mill —that's where Klinker-
dagger's is—and you turn left—no, right—then one block
turn left and that's Boone. On Boone Street you can't miss
it. It's on the right-hand side of the street.

S

M: You're kidding. I'm staying in a motel on Boone Street.

P: Yeh?

M: | was going the wrong direction. Here | am in the other end
of town. Two blocks from my motel room! | could've
walked there.

P:  What motel are you in?

M:  The Oxford Motel.

P: Oh, the Oxford. Couldn't you get a better room?

M: No, but they have a pretty good library.

P: Huh?

The episode described took less than two minutes, yet the amount of infor-
mation perceived and analyzed by the two people is staggering. How might a
psychologist view the process? One way is in simple stimulus-response (S-R)
terms: for example, a stop-light (stimulus) and a left turn (response). Some psy-
chologists, especially those representing a traditional behavioristic approach
to psychology, feel that the entire sequence of events can be adequately de-
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scribed (in a much more detailed way) in these terms. This position, however,
although it has certain appeal in its simplicity, cannot adequately describe the
cognitive systems involved in the exchange. In order to do so it is necessary to
define and analyze specific components and then integrate them into a larger
cognitive model. Cognitive psychologists examine the complex phenomena of
human behavior from just such a standpoint.

In the example cited above, what are the specific components and how
might a cognitive psychologist view the episode? We can begin by making
certain assumptions about the cognitive characteristics possessed by the
policeman and the motorist, which include:

e The ability to detect and interpret sensory stimuli and meaningful events

e The tendency to focus on certain sensory stimuli and to disregard others

e A detailed knowledge of the physical characteristics of the environment
The ability to abstract certain parts of the event and integrate those parts
into a well-structured schema that gives meaning to the total episode

* The capacity to retain immediate events and to integrate those events
into an ongoing sequence

e The ability to form an image of a “cognitive map”

¢ An understanding on the part of each of the role of the other

* An inference that the directions can accurately be translated into a com-
plex motor response (driving an automobile)

e The ability to quickly recall from long-term memory specific information
that is immediately applicable to the present situation

e The ability to translate visual events into spoken language

¢ The inability to perform perfectly

INTRODUCTION



These assumptions can be integrated into a larger system, or cognitive
model. One model commonly embraced by cognitive psychologists is an
information-processing model, the historical development of which is discussed
in some detail in Chapter 4.

An information-processing model assumes that cognition can be analyzed
into a series of stages, each represented as a hypothetical entity during which
certain unique operations are performed on incoming information. The eventual
response (for example, saying "Oh yes, | know where the Expo is.”) is assumed
to be the outcome of this series of stages and operations: (for example, per-
ception, coding of information, recall of information from memory, concept
formation, judgment, and language production). Each stage receives informa-
tion from preceding stages and then performs its unique function. Since all
components of the information-processing system are in some way related to
other components, it is difficult to identify an initial stage, but for convenience
we can think of the sequence as starting with incoming stimuli.*

These stimuli—the environmental cues in our example—are not directly
represented in the policeman's brain, but are transformed to meaningful sym-
bols, what some cognitive psychologists have labeled “internal representa-
tions.” On the most fundamental level, light (or sound) energy emanating from
the perceived stimulus is transduced (converted) to neural energy, which in
turn is processed through the abovementioned hypothetical stages to form the
“internal representation” of the perceived object. This internal representation
is understood by the policeman and, when combined with other contextual in-
formation, provides the basis for his answering of the question.

Two important questions raised by the information-processing model are
the subject of considerable debate among cognitive psychologists: What are
the stages through which information is processed? and In what form is informa-
tion represented in the human mind? Although there are no easy answers to
these questions, a major portion of this book will deal with both issues, and it
will be useful to keep these questions in mind. One way cognitive psychologists
have attempted to answer them is by incorporating into their research the tech-
niques and theories of specific psychological disciplines, of which several are
described below.

the domain of cognitive psychology

INTRODUCTION

Modern cognitive psychology freely draws theories and techniques from eight
principal areas of research (Figure 1.1) — perception, attention, memory, imagery,
language functions, developmental psychology, thinking and problem solving,
and artificial intelligence—each of which will be covered in its own chapter.

* It can be argued that the sequence of events starts with the subject's knowledge of the world, which
allows him to selectively attend to certain aspects of the visual stimuli, while disregarding other
aspects. For example, the policeman's description generally focused on where the driver would go;
he did not (at least actively) attend to other cues: the buildings, pedestrians, the sun, other landmarks.
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The branch of psychology directly involved with the detection and interpreta-
tion of sensory stimuli is perception. From experiments in perception we have
a good understanding of the sensitivity of the human organism to sensory
signals and—more important to cognitive psychology —of the way we interpret
sensory signals.

The policeman’s description of the street scene is essentially dependent
upon his ability to “see” the pertinent environmental cues. “Seeing,” however,
is not a simple matter. The sensory stimuli—in this case, largely visual stimuli—
must be of a certain magnitude in order to be perceived: if the motorist is to
execute the described maneuvers, the cues must be of a certain strength. In
addition, the scene is an ever-changing one. As the motorist's location changes,
new cues emerge. Several cues become more important than others in the per-
ceptual process. Signposts are distinguishable by their color, location, shape,
etc. Many of these images are in constant flux, and in order to translate the
directions into performance the motorist must make rapid adjustment in his
behavior.

The experimental study of perception has helped identify many of the
parts of this process, and we shall encounter some of these in the next chapter.
But the study of perception alone does not adequately account for the expected
performance; other cognitive systems are involved, including attention.

The number of environmental cues available to the policeman and motorist is
overwhelming. If the motorist attended to all of them or even a sizeable number
he would never find the hardware store. Although we are information-gathering
creatures it is evident that, under normal circumstances, we are also highly
selective in the amount and type of information we attend to. Our capacity to
process information seems to be limited on two levels—sensory and cognitive.
If too many sensory cues are imposed upon us atany given time we can become
“overloaded”; or if we try to process too many events in memory we also can
become overloaded. The consequences of this may be a breakdown in per-
formance.

Figure 1.1
Principal research
areas of cognitive
psychology.

PERCEPTION

ATTENTION

INTRODUCTION
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In our example, the policeman, intuitively inferring that if he overloaded the
system, performance would suffer, disregarded many cues the motorist un-
doubtedly would perceive. And, if the cartoon shown here is an accurate repre-
sentation of the motorist's cognitive map, he is indeed, hopelessly confused.

Could the policeman describe the scene without memory? Certainly not any-
more than he could function without perception—and, in fact, memory and per-
ception work together. In the example, two types of memory seem to be con-
tributing to the policeman’s answer. The first type seems to retain information
for a limited time —long enough for him to carry on a conversation. This memory
system seems to hold information for only a brief period, when new information
seems to displace it. The entire exchange would have taken only about 120
seconds, and it is unlikely that all of the details were permanently retained by
either the policeman or the motorist. However, these details were stored in
memory long enough for both of them to keep track of the sequence of elements
making up the dialogue,* and some of the information may have found its way
into their permanent memory. This first memory stage is called short-term
memory (STM) or, in this case, a specialized form of memory called working
memory.

On the other hand, a great amount of the answer is drawn from the police-
man’s long-term memory (LTM). Most obvious is his knowledge of the language.
He didn't refer to the lake as a kumquat, or the Expo site as a rubber tire, or a
street as a basketball; he drew words from his LTM and, more or less, used them
correctly. There are additional cues that indicate LTM is involved in his descrip-
tion: . . . remember they had the Expo in 1974." In a fleeting second, he was
able to recall information about an event of years before. That information did
not come from an immediate perceptual experience; it was stored along with
a vast number of other facts in his LTM.

The information available to the policeman, then, came from his percep-
tion, STM, and LTM. In addition, we can infer that he was a thinking person, that
the information was conceptualized in a scheme that "made sense.”

In order to answer the question successfully, the policeman had to have exten-
sive knowledge of the language. That knowledge involves knowing the proper
names for the landmarks, but, equally important, knowing the syntax—the cus-
tomary arrangement and relationships of the words— of the language. It is im-
portant to recognize that the sequence of words, although it might not satisfy a
fussy English professor, does communicate. In nearly every sentence, the essen-
tial grammatical rules are observed. The policeman didn't say “got well that
hardware in they've”; he did say “Well, they've got that in hardware" —and we

* For example, the police officer had to retain briefly that: the motorist was looking for “Pay-n-Pak,"
that he knew the location of Expo; even (at least until he finished asking, "What motel are you in?") that
the motorist was staying at a motel. Similarly, in the case of the motorist: He had to retain briefly
that there were two Pay-n-Paks (in order to be able to reply that he wanted the one selling plumb-
ing); that the policeman had asked if he knew the Expo site; that he had to pass the old mill, etc.



all can understand what is meant. In addition to forming grammatically correct
sentences and finding the appropriate word in his lexicon, the policeman had
to coordinate the complicated motor reactions necessary for the articulation of
the message.

In order for the policeman to answer the question, he formed a mental image of
the environment. This mental image was in the form of a cognitive map: a type
of internal representation of the juxtaposed buildings, streets, street signs,
stop-lights, etc. From the cognitive map he was able to draw out the significant
cues, order them in a meaningful sequence, and transform those images into
language which, it is hoped, would allow the motorist to construct a similar
cognitive map. That re-formed cognitive map would then provide the motorist
with a reasonable picture of the city, which could be later transformed into the
act of driving an automobile along a certain route.

Although the experimental study of mental imagery is relatively new to psy-
chology, some significant research has recently been reported; it is discussed
in Chapter 11.

This is another important area of cognitive psychology that has been intensely
studied. Recent experiments and theories in developmental cognitive psy-
chology have greatly expanded our understanding of how cognitive structures
develop. In the case of the present example we can only infer that the speakers
share developmental experiences that allow them to (more or less) under-
stand each other. Chapter 13 deals with cognitive development.

Throughout this episode the policeman and the motorist exhibit an ability to
think and to form concepts. When asked how to get to Pay-n-Pak the policeman
replied, after some intermediate steps, “Do you know where the coliseum is?",
indicating that, if the motorist knew this landmark, he could be easily directed
to Pay-n-Pak. When he didn't, he developed another plan for answering the
question. In addition, the policeman seems baffled when the motorist told him
that the Oxford Motel had a pretty good library. Motels and libraries are gen-
erally incongruous categories and knowing this the policeman, as well as you,
might ask, “What kind of motel is that!” Finally, his use of some words (for
example, train tracks, old mill, “Klinkerdagger’s™) indicates that he had formed
concepts that were similar to the concepts shared by the motorist.

There is no direct tie between computer science and our example, but the
specialty within computer science called artificial intelligence (Al), which aims
at simulating human cognitive processes, has had an enormous influence on
the development of cognitive science, largely since the design of such Al com-
puter programs requires knowledge of how we process information. A related
and fascinating topic (dealt with in detail in Chapter 15) concerns the matter
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of whether a “"perfect robot” can simulate human behavior. Imagine, for ex-
ample, a super robot that has mastered all of the perceptual, memory, thinking,
and language abilities of humans. How would it answer the motorist's question?
If the robot were identical to a human, the results would be identical, but con-
sider the difficulty of developing a program that would make an error, as the
policeman did (“you turn left”), and then, realizing its error, correct it (“no,
right”).

antecedents of modern cognitive psychology

THE REPRE-
SENTATION OF
KNOWLEDGE:
THE EARLY
PERIOD

INTRODUCTION

As we have learned, a great portion of cognitive psychology deals with how
knowledge is represented in the mind. The very lively issue of representational
knowledge —what some cognitive psychologists call “internal representation”
or “codes” —has probably evoked the same fundamental questions over cen-
turies: How is knowledge acquired, stored, transformed, and used? What is the
nature of perception and memory? What is thought? and How do these abilities
develop? These questions reflect the essential issue of representational knowl-
edge—how ideas, events, things, are stored and schematized in the mind.

In pursuing this topic of the "“representation of knowledge,” we will trace
the impressions of many scholars as they approach the question of how events
outside the human subject are given internal action. A principal theme —one
that spans many centuries of thought—is the structure of knowledge and the
transformation or “processing’ of knowledge.

The fascination with knowledge can be traced to the earliest writings. Early
theories were concerned with the seat of thought and memory. Ancient Egyptian
hieroglyphics suggest that their authors believed that knowledge was localized
in the heart—a view shared by the early Greek philosopher Aristotle, but not by
Plato, who held that the brain was the locus of the mind.

The issue of mental representation was also discussed by the Greek philos-
ophers within the context of what we now identify as structure and process. Dis-
cussion of structure and of process was largely dormant until the seventeenth
century, and the focus of interest has passed continually from one to the other
over the years. Although modern psychologists still tend to emphasize one or
the other, there is an increased awareness that a definitive psychology of thought
embraces both working together. The dichotomy and interaction are something
like the structure of a bee's honeycomb and the processes that operate within
the comb. The structure or architecture of the honeycomb is formed by the bees
and is generally fixed (for example, its size, shape, position, and capacity are
relatively stable), while the activity or processes—such as the gathering, trans-
formation, and storage of honey —are constantly in flux, though acting in con-
junction with the structure. Much of the current excitement in cognitive psy-
chology is generated by the discovery of new structures and the processes



