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Preface

Undergraduate students studying psychology have different reactions to the
field of cognitive psychology. Some find it exciting and elegant, covering topics
essential to understanding the human mind. Cognitive psychology, after all,
raises questions about how the mind works—how we perceive people, events,
and things; how and what we remember; how we mentally organize informa-
tion; how we call on our mental information and resources to make important
decisions. Other students find the field of cognitive psychology technical and
“geeky”—filled with complicated models of phenomena far removed from
everyday life. My goal in writing this book is to try to bridge that gap—to try to
reach out to students who are in the latter camp to show them what this field
offers to be excited about. I think much of the problem is due to the discon-
nection of laboratory phenomena from everyday life. Too often, cognition texts
focus exclusively on the lab research, without showing students how that work
bears on important, real-world issues of consequence. I hope when students
finish this book, they see why cognitive psychologists are so passionate about
their topic and their research.

Pedagogical Philosophy: Encouraging
Instructor Customization

A textbook author can choose either to be comprehensive and strive for ency-
clopedic coverage or to be selective and omit many worthwhile topics and stud-
ies. I hope I've struck a balance between these extremes but must confess |
prefer the latter. This reflects my own teaching goals; I like to supplement text-
book chapters with primary literature from journals. | have tried to keep chap-
ters relatively short, in the hope instructors will supplement the text with other
readings. My firm belief is that the best courses are those in which instructors
are enthusiastic about the material; the relative brevity of the text is intended
to encourage instructors to supplement and customize it with added coverage
on topics they find especially interesting.

All important material is integrated into the text, rather than pulled out into
boxes, asides, or extras that students might skip. This choice reflects my own
experience as a student, as well as feedback from my students who say they
find boxed material distracting and often treat it as optional.

xiii
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The Role of Context: What Shapes
and Constrains Cognition

My goal is to encourage instructors and students alike to consider cognitive
phenomena as having contexts that both foster and constrain their occurrence.
Universals assumed or generalized from the laboratory do not always translate
to every person in every situation. Too often, topics in cognitive psychology are
presented as absolute, unchanging aspects of everyone’s experience. Recent
work in developmental psychology, cross-cultural psychology, and individual
differences strongly suggests that this presentation is, at best, oversimplifica-
tion and, at worst, fiction. I hope newer work in cognitive psychology can re-
tain its rigor and elegance but can frame questions and issues more inclusively,
reflecting a recognition of the ways in which people and situations differ as
well as share similarities.

Organization of This Book

This book is intended for a one-semester or one-term course for students
who have already completed an introductory psychology course. It is organ-
ized into five parts. The first, containing the introductory chapter, locates the
field historically, theoretically, and methodologically. In this chapter I intro-
duce the major schools of thought that underlie the field of cognitive psy-
chology and review the major methodological designs typically used by
researchers in the field. A second chapter, newly added for this edition,
reviews the major structures of the brain and major neuroscientific methods
of study.

Part 11 is a review of topics that would generally be regarded as core as-
pects of cognition: perception, attention, and memory. The emphasis in these
chapters is to review both the “classic” studies that define the field and the
newer approaches that challenge long-standing assumptions. The focus of
Part 111 is on knowledge representation and organization. These chapters cen-
ter on questions of how we mentally represent and store the vast amounts of
information we acquire throughout our lives. Part IV covers topics such as rea-
soning and decision making perhaps more extensively than in other books,
probably due to my own research interests. In these chapters especially, I have
tried to draw several connections between laboratory-based models and real-
world problems.

Part V is the one that departs most from a “prototypical” cognitive psy-
chology textbook. The last two chapters, on individual differences and cross-
cultural approaches, include material not often covered in cognitive psychol-
ogy courses. | feel strongly that these topics belong in a thorough examination
of cognitive phenomena. Although traditional cognitive psychologists don't
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always consider these issues in their work, I believe they ought to and, in the
future, will.

New to This Edition

In response to feedback from students and faculty who have used this book, as
well as other reviewers, several changes have been incorporated into the fourth
edition. First, a new chapter—Chapter 2—has been added. It reviews major
brain structures, as well as the topics of localization and lateralization of func-
tion, and includes an updated section (formerly a part of Chapter 1) on brain
imaging techniques.

Chapter 3 introduces the perception of visual art, and discusses the missing
letter effect in the context of research on word superiority. Chapter 4 includes
a new section on inattentional blindness (integrated with the corresponding
section on change blindness in Chapter 3). Chapter 4 introduces fMRI studies
of remembered versus not-remembered material, and discusses new work on
individual differences in working memory. Chapter 6 incorporates fMRI stud-
ies of false memories, recent work on flashbulb memories for 9/11, and
research on false memories for pictures versus verbal material.

Chapter 7 clarifies information on how connectionist networks are trained,
and expands the coverage of ACT models of memory. Chapter 8 clarifies the
schema/concept distinction as well as the notion of an exemplar. Chapter 9
presents a new section on spatial cognition, including studies of people’s
knowledge of familiar spaces.

Chapter 10 presents a more complete listing of phonemes of English.
Chapter 11 clarifies the concept of backtracking in problem solving. Chapter 12
incorporates recent work on “emotional” reasoning and the workings of the pre-
frontal cortex in reasoning. Chapter 13 includes a new example of recognition-
primed decision making.

Throughout the book, new references and photographs are included. A spe-
cial effort has been made to point the student to relevant work in cognitive
neuroscience. A number of new figures have been added as well.

Teaching Tools

References are made throughout the book to CoglLab, Wadsworth’s web-based
program for presenting demonstrations and experiments in cognitive psychol-
ogy. Instructors can arrange to buy access to this resource with the text. In
addition, Key Terms in each chapter can be used as search terms in online

databases such as PsycINFO, PsycFIRST, and InfoTrac College Edition®,

available at many undergraduate institutions.

Xv
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This book is about cognitive psychology—
that branch of psychology concerned with
how people acquire, store, transform, use,
and communicate information (Neisser,
1967). Put differently, cognitive psychol-
ogy deals with our mental life: what goes
on inside our heads when we perceive, at-
tend, remember, think, categorize, reason,
decide, and so forth.

To get a better feel for the domain of
cognitive psychology, let’s consider a few
examples of cognitive activity.

You're walking along a dark, unfamiliar
city street. It's raining and foggy, and you
are cold and a bit apprehensive. As you
walk past a small alley, you catch some
movement out of the corner of your eye.
You turn to look down the alley and start
to make out a shape coming toward you.
As the shape draws nearer, you are able to
make out more and more features, and
you suddenly realize that its . . .

What cognitive processes are going on in
this admittedly melodramatic example? In
general, this example illustrates the initial
acquisition and processing of information.
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In particular, the cognitive processes depicted include attention, mentally
focusing on some stimulus (the mysterious shape); perception, interpreting
sensory information to yield meaningful information; and pattern recogni-
tion, classifying a stimulus into a known category. In recognizing the shape as
something familiar, you no doubt called on memory, the storage facilities and
retrieval processes of cognition. All this processing occurred rapidly, probably
within a few seconds or less. Most of the cognitive processing in this example
appears so effortless and automatic that we usually take it for granted.
Here’s another example:

You're in a crowded public place, such as a shopping mall during the holiday
season. Throngs of people push past you, and you're hot and tired. You head for
a nearby bench, aiming to combine some rest with some people watching. As
you make your way, a young woman about your age jostles up against you. You
both offer polite apologies (“Oh, excuse me!” “Sorry!”), glancing at each other
as you do. She immediately exclaims, “Oh, it's you! How are you? | never
thought I'd run into anyone 1 know here—can you believe it?” You immediately
paste a friendly but vague smile on your face to cover your frantic mental
search: Who is this woman? She looks familiar, but why? Is she a former class-
mate? Did you and she attend camp together? Is she saying anything that you
can use as a clue to place her?

This example illustrates your use of memory processes, including recognition
(you see the woman as familiar) and recall (you try to determine where you
know her from). Other cognitive processes are involved here too, although they
play a lesser role. For instance, you perceive the entity talking to you as a per-
son, specifically a woman, more specifically a vaguely familiar woman. You pay
attention to her. You may be using various strategies or techniques of reason-
ing and problem solving to try to figure out who she is. Your success or fail-
ure at this task may also depend on your mental organization of the knowledge
you have accumulated in your lifetime—your knowledge representation. To
communicate with her, you use language as well as nonverbal cues or signals.
Eventually, you'll have to use decision making to determine how to deal with
the situation: Will you admit your forgetfulness, or will you try to cover it up?

As these two examples demonstrate, our everyday lives involve a great deal
of cognition. Furthermore, this everyday cognition is complex, often involving
several cognitive processes. We tend to remain unaware of this complexity,
however, because much of our cognitive processing occurs so often, so rapidly,
and with so little effort that we may not even know it is taking place.

In both of the preceding examples, several cognitive processes were occur-
ring either simultaneously or very closely in time. In fact, it is nearly impossible
to specify, in either of these examples, exactly how many cognitive processes

3
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occurred or in what sequence. This uncertainty typifies everyday situations:
So much is going on so quickly that we can’t be sure of even what informa-
tion is being received or used. How, then, can cognition be studied with any
precision?

This kind of problem is one all scientists face: how to study a naturally
occurring phenomenon with sufficient experimental rigor to draw firm conclu-
sions. The answer, for many, is to try to isolate the phenomenon and bring it
(or some stripped-down version of it) into the laboratory. The challenge, then,
is to decide what is essential and what is inessential about the phenomenon
under study.

For example, in studying how memory works, psychologists have often used
experiments in which people are presented with lists of words or nonsense
syllables. The experimenters then control or systematically vary variables such
as the complexity, length, frequency, meaningfulness, relatedness, and rate of
presentation of items on the list, along with the state of alertness, expertise,
practice, and interest of the research participants. The experimenters assume
factors that increase or decrease performance in the laboratory will also in-
crease or decrease performance under less controlled conditions. Further, the
researchers assume that although in everyday life people do not encounter
material to be remembered in this manner, the processes of memory work in
essentially the same ways in laboratory experiments as in everyday life. So if
increasing the number of items to be remembered decreases memory perfor-
mance in a laboratory, then we can also expect having to remember more
information in an everyday situation would be more difficult than remember-
ing less under the same circumstances.

The key challenge for all scientists, however, is to make sure the laboratory
tasks they develop really do preserve the essential workings of the processes
under study. The most rigorously controlled experiment is of at best limited
value if the phenomenon being studied does not occur or occurs in signifi-
cantly different ways outside the laboratory. Unfortunately, there is no simple
or guaranteed way to ensure that laboratory tasks model everyday tasks. There-
fore, students and other “consumers” of science must take a critical stance
when considering how experimental situations apply to everyday ones.
Throughout this book, we will be looking at how laboratory models do or don't
accurately describe, explain, and predict cognitive processing in real life. We
will also consider how situational and personal factors, such as people’s level of
development, personality variables, degree of expertise, gender, and cultural
background, affect cognitive processing.

Before we discuss specific cognitive processes, however, an overview of the
field of cognitive psychology will provide a useful framework within which to
consider specific topics, experiments, and findings in the field. We will first
examine the historical roots of cognitive psychology to see how the field has
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An ordinary activity, such as reading a map, involves a great deal

of cognitive processing.

developed. Next, we'll look at traditional and common research methods used
in cognitive psychology. Finally, we'll consider four paradigms, or schools of
thought, that represent the current streams of thought in the field.

B INFLUENCES ON THE STUDY OF COGNITION

A complete treatise on how modern cognitive psychology has evolved over the
course of human history could fill several volumes and would obviously be be-
yond our scope. Worth noting, however, is that several ideas about certain
mental abilities date back to at least the Greek philosophers Aristotle and Plato
(Murray, 1988). For example, both these philosophers wrote extensively on the
nature of memory. Plato, for instance, likened storing something in memory to
writing on a wax tablet. In other writings, he compared the mind to an aviary in
which many birds are flying, and memory retrieval to trying to catch a specific
bird: Sometimes you can, but at other times you can grab only a nearby bird.
Similarly, when I try to recall the name of the girl who sat behind me in third
grade, I have trouble latching onto exactly the right one (was it Joan? Joanne?
Anne?), but my choices are probably pretty close.

Other historians of psychology trace the field’s roots to the philosophers of
the 17th to 19th centuries, including John Locke, David Hume, John Stuart Mill,
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René Descartes, George Berkeley, and Immanuel Kant. These philosophers
also debated the nature of mind and knowledge, with Locke, Hume, Berkeley,
and Mill following Aristotle and a more empiricist position, and Descartes and
Kant aligning with Plato and a nativist position.

Briefly, empiricism rests on the tenet that knowledge comes from an indi-
vidual's own experience—that is, from the empirical information that people
collect from their senses and experiences. Empiricists recognize individual dif-
ferences in genetics but emphasize human nature’s malleable, or changeable,
aspects. Empiricists believe people are the way they are, and have the capabil-
ities they have, largely because of previous learning. One mechanism by which
such learning is thought to take place is through the mental association of
two ideas. Locke (1690/1964) argued that two distinct ideas or experiences,
having nothing to do with each other, could become joined in the mind simply
because they happened to occur or to be presented to the individual at the
same time. Empiricists accordingly believe the environment plays a powerful
role in determining one’s intellectual (and other) abilities.

Nativism, by contrast, emphasizes the role of constitutional factors—of
native ability—over the role of learning in the acquisition of abilities and ten-
dencies. Nativists attribute differences in individuals’ abilities less to differ-
ences in learning than to differences in original, biologically endowed capaci-
ties and abilities. Nativism is an important idea in cognitive psychology, as we
will see. Nativists often suggest that some cognitive functions come built in, as
part of our legacy as human beings. “Hard-wired” functions such as short-term
memory, for example, are attributed to innate structures of the human mind
that are present in at least rudimentary form at birth and are not learned,
formed, or created as a result of experience.

Interestingly, only in the last 120 years have central cognitive issues such as
the nature of mind and the nature of information in the mind been seen as
amenable to scientific psychological investigation. Indeed, until the 1870s
no one really thought to ask whether actual data could help resolve any of
these questions. When people began doing so, experimental psychology was
born. However, the nativist—empiricist debate is still a controversial one in the
21st century (Pinker, 2002, p. 10). We will look next at different schools of exper-
imental psychology that laid the foundations for cognitive psychology today.

Structuralism

Many students are surprised to find out that psychology as a formal discipline
has been around for little more than a century. Historians often date the
“founding” of the actual field of psychology back to 1879, when Wilhelm
Wundt converted a laboratory into the first institute for research in experimen-
tal psychology (Fancher, 1979). Wundt wanted to establish a “science of
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mind,” to discover the laws and principles that explained our immediate
conscious experience. In particular, Wundt wanted to identify the simplest
essential units of the mind. In essence, he wanted to create a table of “mental
elements,” much like a chemist’s periodic chart. Once the set of elements was
identified, Wundt believed, psychologists could determine how these units
combine to produce complex mental phenomena. Wundt foresaw an entire
field devoted to the study of how systematically varying stimuli would affect
or produce different mental states; he described this field in a volume titled
Principles of Physiological Psychology (Fancher, 1979).

Wundt and his students carried out hundreds of studies, many involving a
technique of investigation called introspection. Although this term today
connotes “soul searching,” Wundt's technique was much more focused. It con-
sisted of presenting highly trained observers (usually graduate students) with
various stimuli and asking them to describe their conscious experiences.
Wundt assumed that the raw materials of consciousness were sensory and thus
“below” the level of meaning. In particular, Wundt thought any conscious
thought or idea resulted from a combination of sensations that could be
defined in terms of exactly four properties: mode (for example, visual, auditory,
tactile, olfactory), quality (such as color, shape, texture), intensity, and duration.

Wundt's goal was to “cut through the learned categories and concepts that
define our everyday experience of the world” (Fancher, 1979, p. 140). Wundt
believed strongly that with proper training, people could detect and report the
workings of their own minds. A student of Wundt, Edward B. Titchener,
applied the term structuralism to his own endeavors as well as to Wundt’s
(Hillner, 1984). The term was meant to convey Wundt's focus on what the
elemental components of the mind are rather than on the question of why the
mind works as it does.

The method of introspection, unfortunately, proved problematic, as we'll
see shortly. Nonetheless, modern cognitive psychologists owe Wundt more
than a historical debt. A pioneer in the study of many cognitive phenomena, he
was the first to approach cognitive questions scientifically and the first to try to
design experiments to test cognitive theories.

Functionalism

While Wundt was working in Leipzig, an American named William James was
working to establish the new discipline of psychology in the United States. In
many ways, Wundt and James were opposites. A prolific researcher who per-
sonally carried out or supervised hundreds of rigorous experiments, Wundt
was not known for his interpersonal style. James (the brother of the writer
Henry James), in contrast, carried out little original research but wrote elo-
quently about psychological findings and their relevance to everyday life

7
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(Fancher, 1979). His textbook The Principles of Psychology (1890/1983) is still
highly regarded and widely cited today.

James regarded psychology’s mission to be the explanation of our experi-
ence. Like Wundt, James was interested in conscious experience. Unlike
Wundt, however, James was not interested in the elementary units of con-
sciousness. Instead, he asked why the mind works the way it does. He assumed
that the way the mind works has a great deal to do with its function—the pur-
poses of its various operations. Hence the term functionalism was applied to
his approach.

James’s writings, which introduced psychological questions to American
academics, still offer food for thought to students and teachers of psychology,
perhaps because they so directly address everyday life. Consider one of the
best-known chapters in his textbook, on “habit.” James saw habit as the “fly-
wheel of society” (1890/1983, Vol. 1, p. 125), a mechanism basic to keeping
our behavior within bounds. He saw habits as inevitable and powerful and
drew from this a practical conclusion:

Every smallest stroke of virtue or of vice leaves its ever so little scar. The
drunken Rip Van Winkle, in Jefferson’s play, excuses himself for every fresh
dereliction by saying, “I won't count this time!” Well! he may not count it, and
a kind Heaven may not count it; but it is being counted none the less. Down
among his nerve-cells and fibres the molecules are counting it, registering and
storing it up to be used against him when the next temptation comes. (James,
1890/1983, Vol. 1, p. 131)

James’s point, of course, is that people should take great care to avoid bad habits
and establish good ones. He offered advice about how to do so, urging people to
never allow an exception when trying to establish a good habit, to seize oppor-
tunities to act on resolutions, and to engage in a “little gratuitous effort” every
day to keep the “faculty of effort™ alive (James, 1890/1983, Vol. 1, p. 130).

Other American psychologists shared James’s assumptions and approaches.
Fellow functionalists such as John Dewey and Edward L. Thorndike, for ex-
ample, shared James’s conviction that the most important thing the mind did
was to let the individual adapt to her or his environment.

Functionalists drew heavily on Darwinian evolutionary theory and tried to
extend biological conceptions of adaptation to psychological phenomena
(Hillner, 1984). Structuralists and functionalists differed in their methods as
well as their focus. The structuralists were convinced the proper setting for ex-
perimental psychology was the laboratory, where experimental stimuli could be
stripped of their everyday meanings to determine the true nature of mind. Func-
tionalists disagreed sharply with this approach, attempting instead to study
mental phenomena in real-life situations. Their basic belief was that psycholo-
gists should study whole organisms in whole, real-life tasks (Hillner, 1984).
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Behaviorism

You probably learned the terms classical conditioning and instrumental condi-
tioning in your introductory psychology class. The Russian psychologist Ivan
Pavlov used the first, and psychologists such as Edward Thorndike used the
second, to explain psychological phenomena strictly in terms of observable
stimuli and responses.

In the United States, a school of psychology known as behaviorism took
root in the 1930s, dominating academic psychology until well into the 1960s.
Many regard it as a branch of functionalism (Amsel, 1989). One of the general
doctrines of behaviorism is that references to unobservable, subjective mental
states (such as consciousness), as well as to unobservable, subjective processes
(such as expecting, believing, understanding, remembering, hoping for, decid-
ing, and perceiving), were to be banished from psychology proper, which be-
haviorists took to be the scientific study of behavior.

Behaviorists rejected such techniques of study as introspection, which they
found in principle to be untestable. In an article published in 1913, John Watson
most directly described his view of what psychology is and isn't:

Psychology as the behaviorist views it is a purely objective natural science. Its
theoretical goal is the prediction and control of behavior. Introspection forms
no essential part of its methods, nor is the scientific value of its data dependent
upon the readiness with which they lend themselves to interpretation in terms
of consciousness. The behaviorist, in his efforts to get a unitary scheme of ani-
mal response, recognizes no dividing line between man and brute. The behav-
ior of man, with all of its refinement and complexity, forms only a part of the
behaviorist’s total scheme of investigation. (p. 158)

Why did behaviorists so disdain the technique of introspection? Mainly
because of its obviously subjective nature and its inability to resolve disagree-
ments about theory. Suppose two observers are presented with the same stim-
ulus, and one reports an experience of “greenness” and the other an experience
of “green-yellowness.” Which one is correct? Is one misrepresenting or misin-
terpreting his or her experience? If no physiological cause (for example, color
blindness) explains the different reports, then the scientist is left with an
unresolvable dispute. Titchener restricted his research participants to graduate
students trained to introspect “properly” (advising those who couldn’t learn
to do this to find another career). This, however, created more problems
than it solved. The reasoning was circular: How do we know that a particular
sensation is a true building block of cognition? Because trained observers
report it to be so. How do we know the observers are trained? Because they
consistently report that certain sensations and not others are the true elements
of consciousness.

9
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Watson, in fact, regarded all “mental” phenomena as reducible to behav-
ioral and physiologic responses. Such things as “images” and “thoughts,” he be-
lieved, resulted from low-level activity of the glands or small muscles. In his
first textbook, Watson cited evidence showing that when people report they are
“thinking,” muscles in the tongue and larynx are actually moving slightly.
Thought, for Watson, simply amounted to perception of these muscle move-
ments (Fancher, 1979).

Watson'’s contribution to cognitive psychology—banishing all “mental lan-
guage” from use—was largely negative, insofar as he believed the scientific
study of mental phenomena was simply not possible. Watson and his followers
did, however, encourage psychologists to think in terms of measures and re-
search methods that moved beyond subjective introspection, thereby challeng-
ing later psychologists to develop more rigorous and more testable hypotheses
and theories, as well as stricter research protocols.

B. F. Skinner (1984), psychology’s best-known behaviorist, took a different
tack with regard to mental events and the issue of mental representations.
Skinner argued that such “mentalistic” entities as images, sensations, and
thoughts should not be excluded simply because they are difficult to study.
Skinner believed in the existence of images, thoughts, and the like and agreed
they were proper objects of study but objected to treating mental events and
activities as fundamentally different from behavioral events and activities. In par-
ticular, he objected to hypothesizing the existence of mental representations
(internal depictions of information), which he took to be internal copies of ex-
ternal stimuli. Skinner believed images and thoughts were likely to be no more
or less than verbal labels for bodily processes. But even if mental events were real
and separate entities, Skinner believed, they were triggered by external environ-
mental stimuli and gave rise to behaviors. Therefore, he held, a simple func-
tional analysis of the relationship between the stimuli and behaviors would avoid
the well-known problems of studying mental events (Hergenhahn, 1986).

Other behaviorists were more accepting of the idea of mental representations.
Edward Tolman, for example, believed even rats have some goals and expecta-
tions. As he explained it, a rat learning to run a maze must have the goal of attain-
ing food and must acquire an internal representation—some cognitive map or
other means of depicting information “in the head” about the maze—to locate the
food at the maze’s end. Tolman’s work centered on demonstrating that animals
had both expectations and internal representations that guided their behavior.

Gestalt Psychology

The school of Gestalt psychology began in 1911 in Frankfurt, Germany, at a
meeting of three psychologists: Max Wertheimer, Kurt Koffka, and Wolfgang
Koéhler (Murray, 1988). As the name Gestalt (a German word that loosely
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FIGURE 1-1 B Examples of Gestalt figures. Although (A), (B), and (C) all contain
eight equal lines, most people experience them differently, seeing (A) as four pairs of
lines, (B) as eight unrelated lines, and (C) as a circle made up of eight line segments.
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translates to “configuration” or “shape”) suggests, these psychologists’ central
assumption was that psychological phenomena could not be reduced to simple
elements but rather had to be analyzed and studied in their entirety. Gestalt
psychologists, who studied mainly perception and problem solving, believed an
observer did not construct a coherent perception from simple, elementary sen-
sory aspects of an experience but instead apprehended the total structure of an
experience as a whole.

As a concrete example, consider Figure 1-1. Notice that (A), (B), and (C)
contain the same elements—namely, eight equal line segments. However,
most people experience the three arrays quite differently, seeing (A) as four
pairs of line segments, (B) as eight line segments haphazardly arranged, and
(C) as a circle, or more precisely, an octagon, made up of eight line segments.
The arrangement of lines—that is, the relationships among the elements as a
whole—plays an important role in determining our experience.

The Gestalt psychologists thus rejected structuralism, functionalism, and
behaviorism as offering incomplete accounts of psychological and, in particu-
lar, cognitive experiences. They chose to study people’s subjective experience
of stimuli and to focus on how people use or impose structure and order on
their experiences. They believed that the mind imposes its own structure and
organization on stimuli and, in particular, organizes perceptions into wholes
rather than discrete parts. These wholes tend to simplify stimuli. Thus, when
we hear a melody, we experience not a collection of individual sounds but
larger, more organized units: melodic lines.

Genetic Epistemology

Jean Piaget, a Genevan scientist known as a naturalist, philosopher, logician,
educator, and developmental psychologist (Flavell, 1963), conducted studies
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of the cognitive development of infants, children, and adolescents that have
also helped to shape modern cognitive psychology. Piaget’s work was largely
sympathetic to the Gestalt idea that the relationship between parts and wholes
is complex. Piaget sought to describe the intellectual structures underlying
cognitive experience at different developmental points through an approach he
called genetic epistemology. We'll discuss Piagetian theory in much more
detail in Chapter 14; for now, only a brief overview will be given.

Piaget’s observations of infants and children convinced him that a child’s in-
tellectual structures differ qualitatively from those of a mature adult. As he
watched young children, for example, Piaget noticed that their assumptions
about the numerosity of objects seemed to differ from those of an older child
or adult. Specifically, young children seemed to believe that a row of, say, five
buttons becomes more numerous if the row is simply spread out—an assump-
tion a 6- or 7-year-old finds laughable.

Char [aged 4 years, 4 months] also began by making a compact row of 11 but-
tons to equal the 6 spaced out buttons of the model, then as his row was longer
than the other he removed 3 from the end, thus obtaining the same length: “Are
they the same?>—Yes.—Exactly?—Yes.—(The 6 elements of the model were
then put further apart, and the 8 in his copy were put closer together.) And
now?—There are more there (the 6).” (Piaget, 1965, p. 75)

In this example, Char seems to be confusing the length of the row with the
numerosity of the row. In other words, a typical child of this age regards the num-
ber of buttons as being the same thing as the length of the row they are in. More
generally, Piaget believed that most children of this age—in what he called the
preoperational stage of development—confuse the way things look with the way
things really are. We'll see more details about this topic in Chapter 14.

Piaget believed that children in different stages of cognitive development
used different mental structures to perceive, remember, and think about the
world. In fact, the mental structures available at any given point of develop-
ment limited and constrained the cognitive abilities of a child, making them
cognitively different from those of an older child in a different stage, or of an
adult.

The Study of Individual Differences

Yet another strand of the history of psychology is important to mention here,
even though no particular “school” is associated with it: the investigations into
individual differences in human cognitive abilities by Sir Francis Galton and
his followers. Galton, a half-cousin of Charles Darwin, inherited a substantial
sum in his early 20s that afforded him the time and resources to pursue his
interests. A child prodigy himself (he read and wrote by the age of 2}5), Galton
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trained in medicine and mathematics at Cambridge University, England. Like
many of his fellow students (and many of today’s college students), Galton felt
a great deal of academic pressure and competitiveness and “was constantly
preoccupied with his standing relative to his fellow students” (Fancher, 1979,
p. 257). This strong preoccupation (which may have contributed to a break-
down he suffered at Cambridge) developed into a lifelong interest in measur-
ing intellectual ability.

Galton’s interest in intellectual differences among people stemmed in part
from his reading of his cousin Charles Darwin’s writings on evolution. Darwin
believed animals (including humans) evolved through a process he called natural
selection, by which certain inherited traits are perpetuated because individuals
possessing those traits are more likely to survive and reproduce. Galton won-
dered whether intellectual talents could also be inherited. Galton noticed “intel-
ligence” or “smartness” or “eminence” seemed to run in families; that is, smart
parents appeared to produce smart children. Of course, this could be explained
in terms of either genetics or environment (for example, intelligent parents may
have greater resources to spend on their children’s education and/or greater in-
terest or motivation to do so). Thus Galton’s question of how large a role genet-
ics plays in intelligence was difficult to answer. To address it, Galton put his
mathematical training to use in analyzing data (usually family trees of “eminent”
men) and, later, inventing statistical tests, some of which are still used today.

Galton (1883/1907) studied a variety of cognitive abilities, in each case
focusing on ways of measuring the ability and then noting its variation among
different individuals. Among the abilities he studied (in both laboratory and
“naturalistic” settings) was mental imagery. He developed a questionnaire, in-
structing respondents to “think of some definite object—suppose it is your
breakfast-table as you sat down this morning—and consider carefully the
picture that rises before your mind’s eye” (p. 58). He then asked, Is the image
dim or clear? Are all of the objects in the image well defined? Does part of the
image seem to be better defined? Are the colors of the objects in the image
distinct and natural? Galton was surprised to discover much variability in this
capacity: Some respondents reported almost no imagery; others experienced
images so vividly they could hardly tell they were images!

Galton left a large legacy to psychology, and to cognitive psychology in par-
ticular. His invention of tests and questionnaires to assess mental abilities
inspired later cognitive psychologists to develop similar measures. His statis-
tical analyses, later refined by other statisticians, allowed hypotheses to be rig-
orously tested. His work on mental imagery is still cited by current investiga-
tors. Most broadly, Galton’s work challenged psychologists, both those who
believed in the importance of genetic influences and those strongly opposed
to the idea, to think about the nature of mental—that is, cognitive—abilities
and capacities.
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The “Cognitive Revolution”

Despite the early attempts to define and study mental life, psychology, espe-
cially American psychology, came to embrace the behaviorist tradition in the
first five decades of the 1900s. A number of historical trends, both within and
outside academia, came together in the years during and following World War
IT to produce what many psychologists think of as a “revolution” in the field of
cognitive psychology. This cognitive revolution, a new series of psychologi-
cal investigations, was mainly a rejection of the behaviorist assumption that
mental events and states were beyond the realm of scientific study or that men-
tal representations did not exist. In particular, the “revolutionaries” came to be-
lieve no complete explanation of a person’s functioning could exist that did not
refer to the person’s mental representations of the world. This directly chal-
lenged the fundamental tenet of radical behaviorism, that concepts such as
“mental representation” were not needed to explain behavior.

One of the first of these historical trends was a product of the war itself: the
establishment of the field of human factors engineering. During the war, mil-
itary personnel had to be trained to operate complicated pieces of equipment.
Engineers quickly found they needed to design equipment (such as instrument
operating panels, radar screens, and communication devices) to suit the capac-
ities of the people operating it. Lachman, Lachman, and Butterfield (1979)
offered an anecdote about why such problems were important to solve:

One type of plane often crashed while landing. It turned out that the lever that
the pilot had to use for braking was near the lever that retracted the landing gear.
During landing, the pilot could not take his eyes off the runway: He had to work
by touch alone. Sometimes pilots retracted their landing gear instead of putting
on their brakes; they touched the ground with the belly of the plane at top speed.
The best way to keep them from crashing was not to exhort them to be careful;
they were already highly motivated to avoid crashing and getting killed. Improv-
ing training procedures was also an inefficient approach; pilots with many safe
landings behind them committed this error as well as rookie pilots.

The most reasonable approach was to redesign the craft’s controls so that
completely different arm movements were required for braking and for retract-
ing the landing gear. (p. 57)

Psychologists and engineers thus developed the concept of the man—machine
system, now more accurately referred to as the person—machine system: the
idea that machinery operated by a person must be designed to interact with the
operator’s physical, cognitive, and motivational capacities and limitations.
Psychologists in World War I also borrowed concepts, terminology, and
analogies from communications engineering. Engineers concerned with the
design of such things as telephones and telegraph systems talked about the
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exchange of information through various “channels” (such as telegraph wires
and telephone lines). Different kinds of channels differ in how much informa-
tion they can transmit per unit of time and how accurately.

Psychologists learning of this work started to describe human beings as
“communication channels,” examining their capacities for receiving, sending,
and processing information and the circumstances under which they distort
the information they receive. Humans were quickly seen to share properties
with better known, inanimate communications channels and came to be de-
scribed as limited-capacity processors of information.

What is a limited-capacity processor? As the name suggests, it means that
people can do only so many things at once. When I'm typing, [ find it difficult
(actually, impossible) to simultaneously keep up my end of a conversation or
read an editorial or follow a television news broadcast. Similarly, when I con-
centrate on balancing my checkbook, I can't also recite multiplication tables or
remember all the teachers I've had from kindergarten on. Although 1 can do
some tasks at the same time (I can fold the laundry while 1 watch television),
the number and kinds of things I can do at the same time are limited. Many
landmark studies of cognitive psychology—those that cognitive psychologists
regard as “classics”—date from just after World War II and clearly focus on
exploring the nature of our capacity limitations.

For instance, George Miller, in his 1956 paper “The Magical Number
Seven, Plus or Minus Two,” observed that (a) the number of unrelated things
we can perceive distinctly without counting, (b) the number of unrelated
things on a list we can immediately remember, and (c) the number of stimuli
we can make absolute discriminations among is for most normal adults be-
tween five and nine. Miller’s work thus exemplified how the limits of people’s
cognitive capacities could be measured and tested.

At about the same time, developments in the field of linguistics, the study
of language, made clear that people routinely process enormously complex
information. Work by linguist Noam Chomsky revolutionized the field of lin-
guistics, and both linguists and psychologists began to see the central importance
of studying how people acquire, understand, and produce language.

In addition, Chomsky’s early work (1957, 1959, 1965) showed that behav-
iorism could not adequately explain language. Consider the question of how
language is acquired. A behaviorist might explain language acquisition as a
result of parents’ reinforcing a child’s grammatical utterances and punishing
(or at least not reinforcing) ungrammatical utterances. However, both linguists
and psychologists soon realized such an account had to be wrong. For one
thing, psychologists and linguists who observed young children with their par-
ents found that parents typically respond to the content rather than to the form
of the child’s language utterances (Brown & Hanlon, 1970). For another, even
when parents (or teachers) explicitly tried to correct children’s grammar, they
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could not. Children seemed simply not to “hear” the problems, as is evident in
the following dialogue (McNeill, 1966, p. 69):

CHILD: Nobody don't like me.

MOTHER: No, say, “Nobody likes me.” [eight repetitions of this dialogue]
MOTHER: No, now listen carefully; say, “Nobody likes me.”

CHILD: Oh! Nobody don't likes me.

(Clearly, this mother was more focused on the child’s linguistic than emotional
development!)

Chomsky’s work thus posed a fundamental challenge to psychologists: Here
were human beings, already shown to be limited-capacity processors, quickly
acquiring what seemed an enormously complicated body of knowledge—
language—and using it easily. How could this be?

Reversing engineers’ arguments that machines must be designed to fit peo-
ple’s capabilities, many linguists tried to describe structures complex enough to
process language. Chomsky (1957, 1965) argued that underlying people’s
language abilities is an implicit system of rules, collectively known as a genera-
tive grammar. These rules allow speakers to construct, and listeners to under-
stand, sentences that are “legal” in the language. For example, “Did you eat all
the oat bran cereal?” is a legal, well-formed sentence, but “Bran the did all oat
eat you cereal?” is not. Our generative grammar, a mentally represented system
of rules, tells us so, because it can produce (generate) the first sentence but not
the second.

Chomsky (1957, 1965) did not believe all the rules of a language are con-
sciously accessible to speakers of that language. Instead, he believed the rules
operate implicitly: We don’t necessarily know exactly what all the rules are, but
we use them rather easily to produce understandable sentences and to avoid
producing gobbledygook.

Another strand of the cognitive revolution came from developments in
neuroscience, the study of the brain-based underpinnings of psychological
and behavioral functions. A major debate in the neuroscience community had
been going on for centuries, all the way back to Descartes, over the issue of
localization of function. To say a function is “localized” in a particular
region is, roughly, to claim that the neural structures supporting that function
reside in a specific brain area. In a major work published in 1929, a very
influential neuroscientist, Karl Lashley, had claimed there was no reason to
believe that major functions (such as language and memory) are localized
(Gardner, 1985).

However, research in the late 1940s and 1950s accumulated to challenge
that view. Work by Donald Hebb suggested that some kinds of functions, such
as visual perceptions, were constructed over time by the building of cell
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assemblies—connections among sets of cells in the brain. In the 1950s and
1960s, Nobel Prize—winning neurophysiologists David Hubel and Torsten
Wiesel discovered that specific cells in the visual cortex of cats were in fact
specialized to respond to specific kinds of stimuli (orientation of lines, particu-
lar shapes). Equally important, Hubel and Weisel demonstrated the impor-
tance of early experience in nervous system development. Kittens who were
experimentally restricted to an environment with only horizontal lines would
fail to develop the ability to perceive vertical lines. This work suggested that at
least some functions are localized in the brain (Gardner, 1985).

There is yet one more thread to the cognitive revolution, also dating from
about World War 1I: the development of computers and artificially intelligent
systems. In 1936, a mathematician named Alan Turing wrote a paper describ-
ing universal machines: mathematical entities that were simple in nature but
capable in principle of solving logical or mathematical problems. This paper
ultimately led to what some psychologists and computer scientists call the
computer metaphor: the comparison of people’s cognitive activities to an
operating computer. Just as computers have to be fed data, people have to
acquire information.

Both computers and people often store information and must therefore
have structures and processes that allow such storage. People and computers
often need to recode information—that is, to change the way it is recorded or
presented. People and computers must also manipulate information in other
ways—transform it, for example, by rearranging it, adding to or subtracting
from it, deducing from it, and so on. Computer scientists working on the prob-
lem of artificial intelligence now study how to program computers to solve
the same kinds of problems humans can and whether computers can use the
same methods that people apparently use to solve such problems.

Current Trends in the Study of Cognition

During the 1970s, researchers in different fields started to notice they were
investigating common questions: the nature of mind and of cognition; how
information is acquired, processed, stored, and transmitted; and how knowledge
is represented. Scholars from fields such as cognitive psychology, computer
science, philosophy, linguistics, neuroscience, and anthropology, recognizing
their mutual interests, came together to found an interdisciplinary field known
as cognitive science. Gardner (1985) even gave this field a birth date—
September 11, 1956—when several founders of the field attended a symposium
on information theory at the Massachusetts Institute of Technology (MIT).
Gardner (1985) pointed out that the field of cognitive science rests on cer-
tain common assumptions. Most important among these is the assumption
that cognition must be analyzed at what is called the level of representation.
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This means cognitive scientists agree that cognitive theories incorporate
such constructs as symbols, rules, images, or ideas—in Gardner’s words, “the
stuff . . . found between input and output” (p. 38). Thus cognitive scientists
focus on representations of information rather than on how nerve cells in the
brain work or on historical or cultural influences.

Another approach to studying cognitive issues comes from clinical work.
Practitioners of cognitive neuropsychology (Ellis & Young, 1988) study cog-
nitive deficits in certain brain-damaged individuals. Ellis and Young described
P.H., a 19-year-old who lost his right arm in a motorcycle accident and sus-
tained a severe head injury that left him in a coma for almost two weeks. Four
years after his accident, P.H. appeared to have normal language abilities,
including reading, and he tested normal in many short- and long-term memory
tests. His [1Q (91) also seemed normal. His head injury seemed to have caused
at least one cognitive deficit, however:

One of P.H.’s problems was most resistant to rehabilitation; he could not
recognize people’s faces. As soon as a familiar person spoke he would know
who it was but, to P.H., all faces seemed unfamiliar. He could tell if a face
belonged to a man or a woman, an old or a young person, and he could
describe the general appearance and facial features reasonably accurately.
But P.H. had no sense of recognizing people who had previously been very
familiar to him. In neuropsychological terms, his accident had left P.H.
prosopagnosic—able to see, but unable to recognize once familiar faces.
(Ellis & Young, 1988, pp. 1-2)

Cognitive neuropsychologists proceed by identifying people with certain
patterns of brain damage and examining their cognitive performance. What
cognitive processes can these individuals no longer perform? What cognitive
activities have been spared? By finding answers to such questions, cognitive
neuropsychologists not only might help certain people but might better under-
stand how everyone’s cognitive processes operate. In later chapters of the book,
we'll be returning to examples from cognitive neuropsychology.

General Points

Each school of psychology described so far has left a visible legacy to modern
cognitive psychology. Structuralism asked the question, What are the elementary
units and processes of the mind? Functionalists reminded psychologists to focus
on the larger purposes and contexts that cognitive processes serve. Behaviorists
challenged psychologists to develop testable hypotheses and to avoid unresolv-
able debates. The Gestalt psychologists pointed out that an understanding of in-
dividual units would not automatically lead to an understanding of whole
processes and systems. Piaget reminded cognitive psychologists to consider how
cognition develops and evolves, and Galton demonstrated that individuals can
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differ in their cognitive processing. Developments in engineering, computer
science, linguistics, and neuroscience have uncovered processes by which infor-
mation can be efficiently represented, stored, and transformed, providing analo-
gies and metaphors for cognitive psychologists to use in constructing and testing
models of cognition. As we take up particular topics, we will see more of how
cognitive psychology’s different roots have shaped the field.

Keep in mind that cognitive psychology shares in the discoveries made in
other fields, just as other fields share in the discoveries made by cognitive psy-
chology. This sharing and borrowing of research methods, terminology, and
analyses gives many investigators a sense of common purpose. It also all but
requires cognitive psychologists to keep abreast of new developments in fields
related to cognition.

B RESEARCH METHODS
IN COGNITIVE PSYCHOLOGY

Throughout this book, we will be reviewing different empirical studies of cog-
nition. Before we plunge into those studies, however, we will look at some of
the different kinds of studies that cognitive psychologists conduct. The follow-
ing descriptions do not exhaust all the studies a cognitive psychologist could
conduct but should acquaint you with the major methodological approaches to
cognitive psychology.

Naturalistic Observation

As the name suggests, naturalistic observation consists of an observer
watching people in familiar, everyday contexts going about their cognitive busi-
ness. For example, an investigator might watch as people try to figure out
how to work a new automated teller machine (ATM) at an airport. Ideally, the
observer remains as unobtrusive as possible, so as to disrupt or alter the behaviors
being observed as little as possible. In this example, for instance, the investiga-
tor might stand nearby and surreptitiously note what people who use the
ATM do and say. Being unobtrusive is much harder than it might sound. The
observer needs to make sure the people being observed are comfortable and
do not feel as though they are “under a microscope.” At the same time, the
observer wants to avoid causing the people being observed to “perform” for the
observer. In any case, the observer can hardly fully assess his or her own effects
on the observation: After all, how can one know what people would have done
had they not been observed?

Observational studies have the advantage that the things studied really do
occur in the real world and not just in an experimental laboratory. Psychologists
call this property ecological validity. Furthermore, the observer has a chance
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to see just how cognitive processes work in natural settings: how flexible they
are, how they are affected by environmental changes, how rich and complex
actual behavior is. Naturalistic observation is relatively easy to do, doesn’t typ-
ically require a lot of resources to carry out, and does not require other people
to formally volunteer for study.

The disadvantage of naturalistic observation is a lack of experimental
control. The observer has no means of isolating the causes of different be-
haviors or reactions. All he can do is collect observations and try to infer rela-
tionships among them. However plausible different hypotheses may seem, the
observer has no way of verifying them. Some psychologists believe that natu-
ralistic observation is most appropriately used to identify problems, issues, or
phenomena of interest to be investigated with other research methods.

A second problem, which all scientists face, is that an observer’s recordings
are only as good as her initial plan for what is important to record. The settings
and people she chooses to observe, the behaviors and reactions she chooses to
record, the manner of recording, and the duration and frequency of observation
all influence the results and conclusions she can later draw. Moreover, what-
ever biases the observer brings to the study (and, as we will see in Chapter 13,
all of us are subject to a large number of biases) limit and possibly distort the
recordings made.

Introspection

We have already seen one special kind of observation, dating back to the labo-
ratory of Wilhelm Wundt. In the technique of introspection, the observer ob-
serves his or her own mental processes. For example, participants might be
asked to solve complicated arithmetic problems without paper or pencil and to
“think aloud” as they do so.

Introspection has all the benefits and drawbacks of other observational
studies, plus a few more. One additional benefit is that observing one’s own re-
actions and behavior may give one better insight into an experience and the
factors that influenced it, yielding a richer, more complete picture than an out-
sider could observe. But observing yourself is a double-edged sword. Although
perhaps a better observer in some ways than an outsider, you may also be more
biased in regard to your own cognition. People observing their own mental
processes may be more concerned with their level of performance and may be
motivated to subtly and unconsciously distort their observations. They may try
to make their mental processes appear more organized, logical, thorough, and
so forth, than they actually are. They may be unwilling to admit when their
cognitive processes seem flawed or random. Moreover, with some cognitive
tasks (especially demanding ones), observers may have few resources left with
which to observe and record.
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Controlled Observation and Clinical Interviews

As the term controlled observation suggests, this method gives researchers
a little more influence over the setting in which observations are conducted.
Investigators using this research method try to standardize the setting for all
participants, in many cases manipulating specific conditions to see how partic-
ipants will be affected. In the ATM machine example, for instance, the inves-
tigator might arrange for the ATM machine to display different instructions to
different people. The study would still be observational (because the re-
searcher would not control who used the machine or when), but the researcher
would be trying to channel the behavior in certain ways.

In clinical interviews, the investigator tries to channel the process even
more. The investigator begins by asking each participant a series of open-
ended questions. In the introspection example cited earlier, for instance, the
interviewer might again ask the participant to think about the problem and
describe his approaches to it. With the clinical interview method, however, in-
stead of allowing the participant to respond freely, the interviewer follows up
with another set of questions. Depending on the participant’s responses, the
interviewer may pursue one or another of many possible lines of questioning,
trying to follow each participant’s own thinking and experience while focusing
on specific issues or questions.

Experiments and Quasi-Experiments

The major distinction between experiments and observational methods is the
investigator’s degree of experimental control. Having experimental control
means the experimenter can assign participants to different experimental con-
ditions so as to minimize preexisting differences between them. Ideally, the
experimenter can control all variables that might affect the performance of
research participants other than the variables on which the study is focusing. A
true experiment is one in which the experimenter manipulates one or more
independent variables (the experimental conditions) and observes how the
recorded measures (dependent variables) change as a result.

For example, an experiment in cognitive psychology might proceed as
follows: An experimenter recruits a number of people for a study of memory,
randomly assigns them to one of two groups, and presents each group with ex-
actly the same stimuli, using exactly the same procedures and settings and
varying only the instructions (the independent variable) for the two groups of
participants. The experimenter then observes the overall performance of the
participants on a later memory test (the dependent variable).

This example illustrates a between-subjects design, wherein different ex-
perimental participants are assigned to different experimental conditions and
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the researcher looks for differences in performance between the two groups. In
contrast, a within-subjects design exposes the same experimental partici-
pants to more than one condition. For example, participants might perform sev-
eral memory tasks but receive a different set of instructions for each task. The
investigator then compares the performance of the participants in the first con-
dition to the performance of the same participants in another condition.

Some independent variables preclude random assignment (that is, having
the experimenter assign a research participant to a particular condition in an
experiment). For example, experimenters cannot reassign participants to a dif-
ferent gender, ethnicity, age, or educational background. Studies that appear in
other ways to be experiments but that have one or more of these factors as in-
dependent variables (or fail to become true experiments in other ways) are
called quasi-experiments (Campbell & Stanley, 1963).

Scientists value experiments and quasi-experiments because they enable
researchers to isolate causal factors and make better supported claims about
causality than is possible using observational methods alone. However, many ex-
periments fail to fully capture real-world phenomena in the experimental task or
research design. The laboratory setting or the artificiality or formality of the task
may prevent research participants from behaving normally, for example. Further,
the kinds of tasks amenable to experimental study may not be those most im-
portant or most common in everyday life. As a result, experimenters risk study-
ing phenomena that relate only weakly to people’s real-world experience.

The general point to draw here is that the various research methods are all
ways of investigating questions. Ultimately, cognitive psychologists hope that
the findings from different studies will converge on similar explanations.

Investigations of Neural Underpinnings

Much work in cognitive neuropsychology involves examining people’s brains.
Before the second half of the 20th century, this kind of examination could
be conducted only after a patient died, during an autopsy. However, since
the 1970s various techniques of brain imaging, the construction of pictures
of the anatomy and functioning of intact brains, have been developed. We will
discuss many of these techniques in Chapter 2.

General Points

This brief outline of different research designs barely scratches the surface of
all the important things we could look at. There are a few general points to
note, however. First, cognitive psychologists use a variety of approaches to
study cognitive phenomena. In part, these approaches reflect philosophic
differences among psychologists over what is important to study and how
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tradeoffs should be made between certain drawbacks and benefits. In part,
they reflect the intellectual framework in which researchers find themselves
working. They may also reflect how amenable different areas of cognition are
to different research approaches.

Second, no research design is perfect. Each has certain potential benefits
and limitations that researchers must weigh in designing studies. Students,
professors, and other researchers must also examine the design of studies, both
critically and appreciatively, thinking carefully about how well the research
design answers the research question posed. I hope you'll keep these thoughts
in mind as you read in the rest of the book examples of the wide variety of
research studies that cognitive psychologists have carried out.

Table 1-1 presents a summary (oversimplified) of the different traditions
within cognitive psychology and/or cognitive neuropsychology. For each tradi-
tion, it lists one of the major researchers associated with the tradition, the central

question posed by the tradition, and the research methods typically used.
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Table 1-1 Antecedents of Cognitive Psychology

Tradition Name Question Method

Individual differences  Galton How do people differ? Tests, statistical

analysis

Physiology Broca What kinds of disruptions  Tests, observations,
accompany specific autopsy
kinds of brain damage?

Structuralism Titchener ~ What are the basic Introspection under
building blocks of controlled conditions
consciousness?

Genetic epistemology ~ Piaget How do mental structures  Observation,
develop? interview

Functionalism James Why does the mind have Introspection under
the operations it has? naturalistic conditions

Gestalt psychology Koffka What organization does Introspection under
the mind impose on controlled conditions
different configurations
of simple stimuli?

Behaviorism Skinner How is behavior affected ~ Observation under
by context? controlled conditions

Human factors Broadbent  What leads to maximally Observation under

engineering

efficient use of a
machine by a person?

controlled conditions

Source: Komatsu (1995).
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B PARADIGMS OF COGNITIVE PSYCHOLOGY

Having looked at cognitive psychology’s historical roots and research methods,
we can now focus on cognitive psychology today. In this section, we will exam-
ine the four major paradigms that cognitive psychologists use in planning and
executing their research.

First of all, what is a paradigm? The word has several related meanings,
but you can think of it as a body of knowledge structured according to what its
proponents consider important and what they do not. Paradigms include the
assumptions investigators make in studying a phenomenon. Paradigms also
specify what kinds of experimental methods and measures are appropriate for
an investigation. Paradigms are thus intellectual frameworks that guide inves-
tigators in studying and understanding phenomena.

In this section, we'll review four paradigms used by cognitive psychologists
today. In learning about each one, ask yourself the following questions: What
assumptions underlie the paradigm? What questions or issues does the para-
digm emphasize? What analogies (such as the analogy between the computer
and the mind) does the paradigm use? What research methods and measures
does the paradigm favor?

The Information-Processing Approach

The information-processing approach dominated cognitive psychology
in the 1960s and 1970s and remains strong and influential today (Atkinson
& Shiffrin, 1968). As its name implies, the information-processing approach
draws an analogy between human cognition and computerized processing
of information. Central to the information-processing approach is the idea
that cognition can be thought of as information (what we see, hear, read
about, think about) passing through a system (us or, more specifically, our
minds).

Researchers following an information-processing approach often assume
that information is processed (received, stored, recoded, transformed, re-
trieved, and transmitted) in stages and that it is stored in specific places while
being processed. One goal within this framework, then, is to determine what
these stages and storage places are and how they work.

Other assumptions underlie the information-processing approach as well.
One is that people’s cognitive abilities can be thought of as “systems” of interre-
lated capacities. We know different individuals have different cognitive
capacities—different attention spans, memory capacities, and language skills, to
name a few. Information-processing theorists try to find the relationships be-
tween these capacities, to explain how individuals go about performing specific
cognitive tasks.
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FIGURE 1-2 B A typical information-processing model.
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In accordance with the computer metaphor, information-processing theorists
assume that people, like computers, are general-purpose symbol manipulators.
In other words, people, like computers, can perform astonishing cognitive feats
by applying only a few mental operations to symbols (such as letters, numbers,
propositions, or scenes). Information is then stored symbolically, and the way
it is coded and stored greatly affects how easy it is to use it later (as when we
want to recall information or manipulate it in some way).

A general-purpose information-processing system is shown in Figure 1-2.
Note the various memory stores where information is held for possible later
use and the different processes that operate on the information at different
points or that transfer it from store to store. Certain processes, such as detec-
tion and recognition, are used at the beginning of information processing; oth-
ers, such as recoding or retrieval, have to do with memory storage; still others,
such as reasoning or concept formation, have to do with putting information
together in new ways. In this model, boxes represent stores, and arrows repre-
sent processes (leading some to refer to information-processing models as
“boxes-and-arrows” models of cognition). Altogether, the model is depicted
best by something computer scientists call flowcharts, which illustrate the
sequential flow of information through a system.

The information-processing tradition is rooted in structuralism, in that its
followers attempt to identify the basic capacities and processes we use in cog-
nition. The computer metaphor used in this approach also shows an indebted-
ness to the fields of engineering and communications. Psychologists working in
the information-processing tradition are interested in relating individual and
developmental differences to differences in basic capacities and processes.
Typically, information-processing psychologists use experimental and quasi-
experimental techniques in their investigations.
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The Connectionist Approach

Early in the 1980s, researchers from a variety of disciplines began to explore
alternatives to the information-processing approach that could explain cognition.
The framework they established is known as connectionism (sometimes also
called parallel-distributed processing, or PDP). Its name is derived from models
depicting cognition as a network of connections among simple (and usually
numerous) processing units (McClelland, 1988). Because these units are some-
times compared to neurons, the cells that transmit electrical impulses and un-
derlie all sensation and muscle movement, connectionist models are sometimes
called neural networks (technically speaking, there are distinctions between
connectionist and neural network models, but we will not review them here).

Each unit is connected to other units in a large network. Each unit has
some level of activation at any particular moment in time. The exact level of
activation depends on the input to that unit from both the environment and
other units to which it is connected. Connections between two units have
weights, which can be positive or negative. A positively weighted connection
causes one unit to excite, or raise the level of activation of units to which it is
connected; a negatively weighted connection has the opposite effect, inhibit-
ing or lowering the activation of connected units.

Figure 1-3 depicts a connectionist network, showing both units and their con-
nections. In this example, the units are the black circles at the center of the fig-
ure, with all the arrows pointing to them. Each of these units (sometimes called
nodes) represents a particular individual. Each unit is connected to other units
(shown as small ellipses) that depict certain information about individuals—
for example, their names, cars, or professions. The arrows between units depict
excitatory, or positively weighted, connections. When any unit reaches a cer-
tain level of activation, it activates all the other units to which it has positively
weighted connections. In this example, all units within the same larger ellipse
have negatively weighted, or inhibitory, connections. Thus, if the node for “Joe”
is activated, it inhibits activation of the nodes “Claudia,” “Fred,” “Frank,” and
“Harold.” At the same time, the “Joe” node activates the top left-hand node in
the center circle, and activates the nodes “male,” “professor,” “Subaru,” and
“brie.” The activation of these nodes inhibits, or lowers, the activation of all
other nodes in their respective ellipses.

One major difference between the information-processing and the con-
nectionist approaches is the manner in which cognitive processes are
assumed to occur. In information-processing models, cognition is typically as-
sumed to occur serially—that is, in discrete stages (first one process occurs,
feeding information into the next process, which feeds information into the
next process, and so on). In contrast, most (but not all) connectionist models
assume that cognitive processes occur in parallel, many at the same time.



Chapter 1 m Cognitive Psychology: History, Methods, and Paradigms

FIGURE 1-3 B A typical connectionist model.
SOURCE: Martindale (1991, p. 15).
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The connectionist framework allows for a wide variety of models that can
vary in the number of units hypothesized, number and pattern of connections
among units, and connection of units to the environment. All connectionist
models share the assumption, however, that there is no need to hypothesize a
central processor that directs the flow of information from one process or stor-
age area to another. Instead, different patterns of activation account for the
various cognitive processes (Dawson, 1998). Knowledge is not stored in vari-
ous storehouses but within connections between units. Learning occurs when
new connective patterns are established that change the weights of connec-
tions between units.

Feldman and Ballard (1982), in an early description of connectionism,
argued that this approach is more consistent with the way the brain functions
than an information-processing approach. The brain, they argued, is made up
of many neurons connected to one another in various complex ways. The
authors asserted that “the fundamental premise of connectionism is that indi-
vidual neurons do not transmit large amounts of symbolic information. Instead
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they compute by being appropriately connected to large numbers of similar
units. This is in sharp contrast to the conventional computer model of intelli-
gence prevalent in computer science and cognitive psychology” (p. 208).
Rumelhart (1989, p. 134) puts the issue more simply: “Connectionism seeks
to replace the computer metaphor of the information-processing framework
with a brain metaphor.”

Like the information-processing approach, connectionism draws from
structuralism an interest in the elements of cognitive functioning. However,
whereas information processors look to computer science, connectionists look
to cognitive neuropsychology and cognitive neuroscience for information to
help them construct their theories and models. Information-processing ac-
counts of cognition try to provide explanations at a more abstract, symbolic
level than do connectionist accounts. Connectionist models are more con-
cerned with the “subsymbolic” level: how cognitive processes actually could be
carried out by a brain. Connectionism, being much newer than information
processing, is just beginning to map out explanations for individual and devel-
opmental differences. Most connectionist work seeks to replicate the findings
of experimental and quasi-experimental research using computer programs
based on a neural network model.

The Evolutionary Approach

Some of our most remarkable cognitive abilities and achievements are ones
we typically take for granted. Two that come immediately to mind are the
ability to perceive three-dimensional objects correctly and the ability to un-
derstand and produce language. These abilities may seem rather trivial and
mundane—after all, a 3-year-old can do quite a bit of both. However,
researchers in the field of artificial intelligence quickly found that it is not so
easy to program computers to carry out even rudimentary versions of these
tasks (Winston, 1992).

So why can young children do these tasks? How can a wide range of peo-
ple carry them out seemingly with little effort, even people who don't seem
particularly gifted intellectually? Some psychologists search for an answer in
evolutionary theory (Cosmides & Tooby, 2002; Richerson & Boyd, 2000). The
argument goes something like this: Like other animal minds, the human mind
is a biological system, one that has evolved over generations. Like other
animal minds, it too is subject to the laws of natural selection. Therefore, the
human mind has responded to evolutionary pressures to adapt in certain ways
rather than others in response to the environments encountered by our pre-
decessors. Evolutionary psychologist Leda Cosmides (1989) notes that the
environments our ancestors experienced were not simply physical, but eco-
logical and social as well.
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The idea here is that humans have specialized areas of competence pro-
duced by our evolutionary heritage. Cosmides and Tooby (2002) argue that
people have “a large and heterogeneous set of evolved, reliably developing,
dedicated problem-solving programs, each of which is specialized to solve a
particular domain or class of adaptive problems (e.g., grammar acquisition,
mate acquisition, food aversion, way finding).” In other words, people have
special-purpose mechanisms (including cognitive mechanisms) specific to a
certain context or class of problems.

Cosmides and Tooby (2000, 2002) believe that some of the most significant
issues our ancestors faced involved social issues, such as creating and enforc-
ing social contracts. To do this, people must be especially good at reasoning
about costs and benefits, and be able to detect cheating in a social exchange.
Therefore, evolutionary psychologists predict that people’s reasoning will be
especially enhanced when they are reasoning about cheating, a topic we exam-
ine in much greater detail in Chapter 12.

In general, evolutionary psychologists believe we understand a system best
if we understand the evolutionary pressures on our ancestors. Explaining how
a system of reasoning works, they believe, is much easier if we understand how
evolutionary forces shaped the system in certain directions rather than other,
equally plausible ones.

The Ecological Approach

A fourth major approach to the study of cognition comes from both psycholo-
gists and anthropologists, and overlaps much more with the evolutionary
approach than it does with either the information-processing or connectionist
approach. The central tenet of this approach is that cognition does not occur
in isolation from larger cultural contexts; all cognitive activities are shaped by
the culture and by the context in which they occur.

Jean Lave, a current theorist in this tradition, has conducted some fasci-
nating work that illustrates the ecological approach. Lave (1988) described
the results of the Adult Math Project as “an observational and experimental in-
vestigation of everyday arithmetic practices” (p. 1). Lave, Murtaugh, and de la
Rocha (1984) studied how people used arithmetic in their everyday lives. In
one study, they followed people on grocery-shopping trips to analyze how and
when people calculate “best buys.” They found that people’s methods of
calculation varied with the context. This was somewhat surprising, because
students in our culture are taught to use the same specified formulas on all
problems of a given type to yield one definite numerical answer. To illustrate,
compare a typical third-grade arithmetic problem presented by teachers to
students—Brandi had eight seashells. Nikki had five more. How many
seashells did the two of them have together?”—with the following problem,
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posed and solved by one of the grocery shoppers, regarding the number of
apples she should purchase for her family for the week:

There’s only about three or four [apples] at home, and T have four kids, so you
figure at least two apiece in the next three days. These are the kinds of things I
have to resupply. T only have a certain amount of storage space in the refrigera-
tor, so | can’t load it up totally. . . . Now that I'm home in the summertime, this
is a good snack food. And I like an apple sometimes at lunchtime when I come
home. (Murtaugh, 1985, p. 188)

Lave (1988) pointed out a number of contrasts between this arithmetic
problem solving and the kind used in solving school problems. First, the
second example has many possible answers (for example, 5, 6, 9), unlike the
first problem, which has one (13). Second, the first problem is given to
the problem solver to solve; the second is constructed by the problem solver
herself. Third, the first problem is somewhat disconnected from personal
experience, goals, and interests, whereas the second comes out of practical
daily living.

Although there has been much recent interest in the ecological ap-
proach, the idea of studying cognition in everyday contexts actually arose

Nancy J. Ashmore

Research following the ecological approach examines the cognitive processing of

people in everyday situations.
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several years earlier. A major proponent of this viewpoint was J. ]J. Gibson,
whose work on perception we will discuss at length in Chapter 3. Ulric
Neisser, a friend and colleague of Gibson, wrote a book in 1976 aimed at
redirecting the field of psychology toward studying more “realistic” cognitive
phenomena.

We can see the influences of both the functionalist and the Gestalt schools
on the ecological approach. The functionalists focused on the purposes served
by cognitive processes, certainly an ecological question. Gestalt psychology’s
emphasis on the context surrounding any experience is likewise compatible
with the ecological approach. The ecological approach would deny the useful-
ness (and perhaps even the possibility) of studying cognitive phenomena in
artificial circumstances divorced from larger contexts. Thus this tradition relies
less on laboratory experiments or computer simulations and more on naturalis-
tic observation and field studies to explore cognition.

General Points

Each of these four paradigms makes an important contribution to cognitive
psychology, and in some ways the four offer complementary perspectives on
how the underlying principles of cognition ought to be investigated and under-
stood. The information-processing paradigm, for example, focuses researchers
on the functional aspects of cognition—what kinds of processes are used to-
ward what ends. The connectionist approach, in contrast, focuses on the
underlying “hardware”—how the global cognitive processes described by an
information-processing model are implemented in the human brain. The evo-
lutionary approach centers on questions of how a cognitive system or function
has evolved over generations. The ecological approach stresses the need to
consider the context of any cognitive process to understand more completely
how that process functions in the real world.

Not all cognitive research fits neatly into one of these three paradigms.
Some research incorporates parts of different paradigms; some fits no para-
digm neatly. However, | hope these four paradigms will provide a useful back-
drop against which to consider individual studies.

This framework offers a sense of where we're headed in the rest of the
book, as we take up specific cognitive topics in more detail. Throughout, you
should examine how the research studies discussed bear on cognitive activities
in your everyday life. Are the questions posed, and the research approaches
used to answer them, appropriate? How do the theoretical assumptions shape
the way the questions are posed? What do the research findings mean, and
what new questions do they raise?

Cognitive psychology is my field. Not surprisingly, I've found it full of fasci-
nating, deeply rooted questions, complex as well as elegant, and relevant to
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many real-world issues. | hope, after reading this book, that you too will find
this field an important one, a field worth knowing about.

§ SUMMARY
|

1. Cognition plays a large role in our everyday existence. We take much of our cog-
nitive experience for granted because the ways in which we function cognitively
are so routine we simply don't pay attention to them. Nonetheless, on closer
inspection we see that many cognitive activities are astonishingly complex.

2. We've examined different traditions in the study of cognition, tracing the history
of study back at least as far as Wundt's Leipzig laboratory. We've seen how
different major schools of thought—structuralism, functionalism, behaviorism,
and Gestalt approaches—have framed cognitive questions.

3. Structuralism, a school of psychology associated with Wilhelm Wundt, sought
to discover the laws and principles that explain our immediate conscious
experience. In particular, structuralists wanted to identify the simplest essential
units of the mind and to determine how these units combine to produce

complex mental phenomena.

4. Functionalism, a school of psychology associated with William James, took as

the basic aim of psychology understanding the function of the mind—the ways
| in which mental functions let individuals adapt to their environment.

5. Behaviorism, regarded by some as a branch of functionalism, took as the
central aim of psychology the scientific study of behavior, an observable
consequence of psychological experience. Radical behaviorists insisted that

B

references to unobservable, subjective, mental states (such as consciousness)
as well as to unobservable, subjective processes (such as expecting, believing,
understanding, remembering, hoping for, deciding, perceiving) should be
banished from psychology proper.

6. The school of Gestalt psychology held as its central assumption that psycho-
logical phenomena cannot be reduced to simple elements but must be analyzed
and studied in their entirety. Gestalt psychologists believed observers do not con-
struct a coherent perception from simple, elementary sensory aspects of an expe-
rience but instead apprehend the total structure of an experience as a whole.

7. Work by Jean Piaget illustrated the fact that cognitive processes change in
predictable ways as children develop. Francis Galton emphasized the idea that
individuals differ, even as adults, in their cognitive capacities, abilities, and
preferences.

8. We've also seen how the present study of cognitive psychology grows out of, and
contributes to, innovations in other fields, such as computer science,
communications, engineering, linguistics, evolution, and anthropology.
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9. Cognitive psychology draws upon many different research methods, including
experiments, quasi-experiments, controlled observation, and naturalistic
observation.

10. Finally, we've reviewed four major approaches to the modern study of cognitive
phenomena: the information-processing, connectionist, evolutionary, and
ecological paradigms. We've seen that the information-processing approach
emphasizes stagelike processing of information and specific storage of that
information during processing. The connectionist approach instead depicts
cognitive processing as a pattern of excitation and inhibition in a network of
connections among simple (and usually numerous) processing units that operate
in parallel. The evolutionary paradigm examines how a cognitive process has
been shaped by environmental pressure over long periods of time. The ecological
paradigm stresses the ways in which the environment and the context shape the
way cognitive processing occurs.

. RevieEw QUESTIONS

1. What roles do laboratory experiments and naturalistic observation play in cognitive
research?

2. What similarities and differences exist among the following three “schools” of
psychology: structuralism, functionalism, behaviorism?

3. What is a mental representation, and how is this concept viewed by Gestalt
psychologists, information-processing psychologists, behaviorist psychologists, and
connectionists?

4. Describe how research on cognitive development and individual differences might
bear on cognitive psychology.

5. What was the “cognitive revolution”? What resulted from it?
6. Describe and critique the major research methods of cognitive psychology.

7. Compare and contrast the four major paradigms of cognitive psychology reviewed
in this chapter (information processing, connectionism, the evolutionary approach,
the ecological approach).

Key TErmS
artificial intelligence brain imaging computer metaphor
association clinical interview connectionism
attention cognitive neuropsychology  controlled observation
behaviorism cognitive revolution decision making

between-subjects design cognitive science ecological approach
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ecological validity
empiricism
experiment
experimental control
functionalism
genetic epistemology
Gestalt psychology
human factors
engineering

individual differences
information-processing

approach

introspection

knowledge representation
language

limited-capacity processor
linguistics

localization of function
memory

mental representation
nativism

naturalistic observation
neural network

paradigm

Coalab DeMONSTRATIONS

pattern recognition
perception
person—machine system
problem solving
quasi-experiment
reasoning

recall

recognition
structuralism
within-subjects design

To check your knowledge of the key concepts in this chapter, take the chapter
quiz at http://www.thomsonedu.com/psychology/aalotti. Also explore the hot links
that provide more information.

@ WEB RESOURCES

Visit our website. Go to http://www.thomsonedu.com/psychology/salotti, where
you will find online resources directly linked to your book, including quizzes,
flashcards, crossword puzzles, and glossaries.
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CHAPTEHR

When the field of cognitive psychology
first began (in the 1950s and '60s), cogni-
tive psychologists found the workings of
the brain to be quite interesting, but not
necessarily relevant to their understanding
of how cognitive processes worked. The
idea was that description of cognitive
processes and structures was best done at
a level of abstraction above the neural
level, which was thought to be too inordi-
nately complicated. Many feared that a de-
scription of how each neuron in the brain
worked would not yield a comprehensible
explanation of, say, how your learning of
French verb endings takes place. The level
of detail of the neurons in your brain
would simply not provide a very useful ex-
planation, whereas one couched in terms
of theoretical ideas such as memory stor-
age areas (which might not physically exist)
would. Theorists began to distinguish be-
tween different “levels” of explanation—a
symbolic and abstract one for cognition, as
opposed to a neural level for the actual
functioning of cognitive processes in real
time.

- 2
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There is still strong argument among psychologists, biologists, philoso-
phers, and computer scientists over which level of explanation is most useful
for different kinds of understanding. However, increasing numbers of cognitive
psychologists have become interested in the functioning of the brain as an un-
derpinning for cognitive activity. Although the question of which level provides
the most useful explanation remains, many cognitive psychologists feel they
cannot investigate cognition without a working knowledge of how the brain
develops and functions.

Of course, the topic of brain functioning and its relationship to cognition is
itself a vast and complex one, and only brief highlights are given here. The
interested student is referred to other, in-depth treatments of the topic (e.g.,
Gazzaniga, 2004; Johnson, Munakata, & Gilmore, 2002). First, some growth
statistics: The brain grows from 0 to 350 grams (about three-quarters of a
pound) during the prenatal period, but this growth doesn’t stop at birth. The
maximum brain weight of 1350 grams (about three pounds) is achieved when
the individual is about 20 years old (Nowakowski & Hayes, 2002). Most post-
birth growth takes place before the child’s fourth birthday, but some changes
continue through adulthood.

B STRUCTURE OF THE BRAIN

There are obviously a lot of different structures to talk about when we talk
about the brain. We'll need to talk first about different divisions of the brain,
and we'll begin with a phylogenetic division. Figure 2-1 shows various struc-
tures of the adult brain, including the hindbrain, midbrain, and forebrain. In
our brief discussion, we will focus specifically on the cerebral cortex, a part of
the forebrain. However, it is worth talking briefly about the hindbrain and mid-
brain first.

The Hindbrain and Midbrain

The hindbrain develops originally as one of three bulges in the embryo’s
neural tube. Evolutionarily, structures within the hindbrain are the most prim-
itive (Zillmer & Spiers, 2001). The brain stem (a structure consisting of the
medulla and pons in the hindbrain, as well as the midbrain and certain struc-
tures of the forebrain), shown in Figure 2-2, comprises about 4.4% of the total
weight of an adult brain; the cerebellum accounts for an additional 10.5%.
The hindbrain contain three major structures. The medulla oblongata
(sometimes referred to simply as the medulla) transmits information from the
spinal cord to the brain and regulates life support functions such as respira-
tion, blood pressure, coughing, sneezing, vomiting, and heart rate (Pritchard &
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FIGURE 2-1 B Major structures in the brain.
SOURCE: Wilson (2003, p. 95).
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Alloway, 1999). The pons (the name derives from the Latin word for bridge)
also acts as a neural relay center, facilitating the “crossover” of information
between the left side of the body and the right side of the brain and vice versa.
It is also involved in balance and in the processing of both visual and auditory
information.

The cerebellum contains neurons that coordinate muscular activity
(Pritchard & Alloway, 1999). It is one of the most primitive brain structures. It
also governs balance and is involved in general motor behavior and coordination.
Brain lesions in the cerebellum can cause irregular and jerky movements,
tremors, and impairment of balance and of gait. It has also been implicated in
people’s ability to shift attention between visual and auditory stimuli, and in deal-
ing with temporal stimuli such as rhythm (Akshoomoff & Courchesne, 1994).

The midbrain is located (unsurprisingly) in the middle of the brain. Many
of the structures contained in the midbrain (such as the inferior and superior
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FIGURE 2-2 B The human brain in midline and brain stem.
SOURCE: Kalat (1998, p. 87).
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colliculi) are involved in relaying information between other brain regions,
such as the cerebellum and forebrain. Another midbrain structure, the reticu-
lar formation, helps keep us awake and alert and is involved in the sudden
arousal we may need to respond to a threatening or attention-grabbing stimu-
lus (Pritchard & Alloway, 1999).

The Forebrain

Because of our interest in cognitive issues, we will focus the remainder of our
discussion of the brain on the forebrain. Some of the structures of the fore-
brain are presented in Figure 2-3. The thalamus, for example, is yet another
structure for relaying information, especially to the cerebral cortex (Pritchard
& Alloway, 1999), which we will talk about shortly. The hypothalamus con-
trols the pituitary gland by releasing hormones, specialized chemicals that
help to regulate other glands in the body. The hypothalamus also controls so-
called homeostatic behaviors, such as eating, drinking, temperature control,
sleeping, sexual behaviors, and emotional reactions. Other structures, such as
the hippocampus, involved in the formation of long-term memories, and the
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FIGURE 2-3 B Subcortical structures of the brain.
SOURCE: Goldstein (1994, p. 89).
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amygdala, which modulates the strength of emotional memories and is in-
volved in emotional learning, are also located in the forebrain, as are the basal
ganglia, which are involved in the production of motor behavior.

We will discuss many of these structures, including the hippocampus and
amygdala, in the chapters to come. For the present, we will focus on the cere-
brum (from the Latin word for brain), the largest structure in the brain. It con-
sists of a layer called the cerebral cortex, consisting of about a half-dozen lay-
ers of neurons with white matter beneath, that carries information between the
cortex and the thalamus or between different parts of the cortex.

Figure 2-4 presents a more detailed diagram of the cerebral cortex, which
neurologists divide into four lobes: frontal (underneath the forehead), pari-
etal (underneath the top rear part of the skull), occipital (at the back of the
head), and temporal (on the side of the head) (Pritchard & Alloway, 1999).
The left and right hemispheres are connected by either the corpus callosum (in
the case of the frontal, parietal, and occiptal lobes) or the anterior commisure
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FIGURE 2-4 B The cerebrum in two views: in the skull and removed from the skull.
SOURCE: Wilson (2003, p. 101).

Left Right
hemisphere hemisphere
Central sulcus
Parietal ___ Frontal
lobe = lobe
Frontal
lobe

Central sulcus

Parietal |
Occipital arietal lobe

lobe Occipital lobe

Sylvian
Temporal fissure
lobe
Anatomical areas (left lateral view) Anatomical areas (top view)

Primary gyrus

Precentral gyrus (somatosensory cortex)

(motor cortex)

Prefontal lobe

Broca’s speech area

Central sulcus
Sylvian fissure
Olfactory bulb
and tract

Primary visual
cortex

lob

ove lobe
Occipital

Temporal P

lobe lobe

Anatomical areas (left lateral view)

(in the case of the temporal lobes). A structure known as the central sulcus
(a prominent shallow groove on the surface of the brain) divides the frontal and
parietal lobes; another sulcus, the lateral sulcus, helps define the temporal
lobe. Actually, since our heads have two sides, right and left, we have two lobes
of each kind—the right frontal, left frontal, right parietal, left parietal, and so
forth (Pritchard & Alloway, 1999).
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The parietal lobes contain the somatosensory cortex, which is contained in
the postcentral gyrus (a gyrus is a convolution or ridge of the brain), the area
just behind the central sulcus. It is involved in the processing of sensory infor-
mation from the body—for example, sensations of pain, pressure, touch, or
temperature (Pritchard & Alloway, 1999). The occipital lobes process visual in-
formation, and the temporal lobes auditory information, as well the ability to
recognize certain stimuli such as faces. Because the temporal lobes are right
above structures such as the amygdala and hippocampus, both involved in
memory, damage to the temporal lobes can result in memory disruption as well.

The frontal lobes have three separate regions. The motor cortex (located
in the precentral gyrus) directs fine motor movement; the premotor cortex
seems to be involved in planning such movements. The prefrontal cortex
or lobe is involved with what neuroscientists call executive functioning—
planning, making decisions, implementing strategies, inhibiting inappropriate
behaviors, and using working memory to process information. Damage to cer-
tain parts of the prefrontal cortex can also result in marked changes in person-
ality, mood, affect, and the ability to control inappropriate behavior (Pritchard
& Alloway, 1999).

The prefrontal cortex shows the longest period of maturation; it appears
to be one of the last brain regions to mature (Casey, Giedd, & Thomas, 2000).
Interestingly, this region may also be one of the “first to go” in aging effects seen
toward the end of life. It has been hypothesized that brain regions that show
the most plasticity over the longest periods may be the most sensitive to envi-
ronmental toxins or stressors.

H LOCALIZATION OF FUNCTION

When [ describe a particular brain region or structure as having a particular
role to play (as in memory or attention), you may wonder what the basis of such
a claim is. That is, how do neuroscientists kzow what brain region does what?
The answer lies in studies of localization of function, a means of mapping
the brain.

The original idea of localization of function traces back to an Austrian
anatomist named Franz Gall (1758-1828), who proposed an early localization
theory. Gall believed in something called faculty psychology, a term that has
nothing to do with why your college instructors are or are not crazy! Faculty
psychology was the theory that different mental abilities, such as reading or
computation, were independent and autonomous functions, carried out in
different parts of the brain (Fodor, 1983). Gall believed that different loca-
tions in the brain were associated with such faculties as parental love, com-
bativeness, acquisitiveness, and secretiveness, to name a few. Later, Gall’s

an
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FIGURE 2-5 B Phrenology head. Specific locations on the skull were thought to
correspond to specific abilities.
SOURCE: Zillmer & Spiers (2001, p. 16).

student Johan Spurzheim carried on Gall’s teachings, developing the study of
phrenology (see Figure 2-5), a now discredited idea that psychological
strengths and weaknesses could be precisely correlated to the relative sizes of
different brain areas.

The major problem with phrenology was not the assumption that different
parts of the brain controlled different functions, but rather with two subsidiary
assumptions: (1) that the size of a portion of the brain corresponded to its
relative power and (2) that different faculties were absolutely independent.
We now know that different mental activities—for example, perception and
attention—are not wholly distinct and independent, but rather interact in
many different ways. We also know that the overall size of a brain or brain area
is not indicative of the functioning of that area. Therefore, having a different
configuration of bumps and indentations in a brain does not determine or even
predict how an individual will function cognitively or socially.
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Image not available due to copyright restrictions

More modern approaches to localizing function in the brain date back to
Paul Broca (1824-1880), who in the early 1860s presented findings at a med-
ical conference that brain injury to a particular part of the left frontal lobe (the
posterior, inferior region shown in Figure 2-6) resulted in a particular kind of
aphasia, or disruption of expressive language (Springer & Deutsch, 1998).
This brain region has become known as Broca’s area; injury to this area leads to
a kind of aphasia known as Broca’s or nonfluent aphasia, in which the person
is unable to produce many words or to speak very fluently.

A decade after Broca’s discovery, Carl Wernicke (1848-1904) announced
the discovery of a second “language center” in the brain, this one thought to
control language understanding (as opposed to language production). This re-
gion, which has come to be known as Wernicke’s area, is located in the superior,
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FIGURE 2-6 B Classic speech centers.
SOURCE: Wilson (2003, p. 227).
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posterior region of the temporal lobe, also typically in the left hemisphere, and
is also shown in Figure 2-6. Patients with so-called Wernicke’s aphasia (also
called fluent aphasia) are able to produce speech with seemingly fluent con-
tours of pitch and rhythm. However, the speech often makes no sense and con-
tains gibberish. Moreover, these patients show impairments in their ability to
understand speech (Pritchard & Alloway, 1999).

Work by other neuropsychologists began to establish connections between
lesions in particular brain regions and loss of specific motor control or sensory
reception. Using research performed either on animals or as part of neurosur-
gical procedures intended to address problems such as epilepsy, scientists
began to “map out” the portion of the frontal lobe known as the motor cortex,
as shown in Figure 2-7.

In addition, neuropsychologists have mapped out a second area of the
brain, located in the parietal lobe just behind the motor cortex, known as
the primary somatosensory cortex (see Figure 2-8). Like the motor cortex,
the primary somatosensory cortex is organized such that each part of it receives
information from a specific part of the body. As with the motor cortex, the total
amount of “brain real estate” devoted to a particular part of the body is not
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FIGURE 2-7 B The motor cortex in the frontal lobe. Neurons in the motor cortext
stimulate motor neurons that control specific muscles in the body.
SOURCE: Wilson (2003, p. 157).
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FIGURE 2-8 B Primary and secondary somatosensory areas. The primary and
secondary somatosensory areas are located in the parietal lobe. Like the motor
cortex, the primary somatosensory cortex is topographically organized.

SOURCE: Wilson (2003, p. 234).
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proportional to the size of that body part. In other words, a large region of the
body, such as a leg, corresponds to only a small portion of the primary so-
matosensory cortex. A more sensitive body part, such as the fingers or lips, has
a correspondingly larger amount of cortex devoted to it.

The previous discussion may have given you the idea that every part of the
brain can be mapped to some specific sensation, behavior, idea, thought, mem-
ory, or cognitive processes. This idea, however, is false. Although motor and
sensory reception have the kinds of mapping depicted in Figures 2-7 and 2-8,
most so-called higher order cognitive processes, such as thinking and remem-
bering, do not.

Many neuroscientists subscribe to the principle that higher order cognitive
processes are too complicated and interconnected to be localized to any one re-
gion (Pritchard & Alloway, 1999). This view drew support from the work of
Karl Lashley (1890-1958), who performed several landmark studies in neuro-
science, studying the effects of brain ablation (removal of parts of the brain)
on the maze-running ability of rats. Lashley (1929) reported that impairment
in maze running was related to the total amount of cortex removed, not to
which specific area was removed.

Complicating this already involved picture is the notion of the plasticity of
the brain (Black, 2004). Some brain regions can adapt to “take over” functions
of damaged regions, depending on the injury and the function involved. In gen-
eral, the younger the patient and the less extensive the injury, the better is the
chance of regaining function.

B LATERALIZATION OF FUNCTION

Paul Broca’s report of a “language center” in his patients did more than argue
for localization of function. Broca and many neuropsychologists since have
been able to show that the two cerebral hemispheres seem to play different
roles when it comes to some cognitive functions, especially language. We call
this phenomenon lateralization.

Most individuals (around 95%) show a specialization for language in the left
hemisphere. In these individuals, the left hemisphere is likely to be larger in
size, especially in the areas where language is localized (Springer & Deutsch,
1998). We say that these individuals have a left-hemisphere dominance in lan-
guage. A small percentage or people do not show such specialization, having
language function in both hemispheres (these are called bilateralized individu-
als), and an even smaller percentage have language centers located in the right
hemisphere.

If the left hemisphere is dominant for language, then what role does the right
hemisphere play? Structurally, the right hemisphere often has larger parietal
and temporal areas, and it is speculated that this leads to better integration of
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visual and auditory information and better spatial processing by the right than
the left hemisphere. The right hemisphere is associated with working on geo-
metric puzzles, navigation around familiar spaces, and even musical ability
(Springer & Deutsch, 1998).

Some describe the difference in function between the two hemispheres by
labeling the left hemisphere as the analytical one and the right hemisphere as
the synthetic one (Carlson, 2004). The idea here is that the left hemisphere is
particularly good at processing information serially—that is, information with
events occurring one after another. If you think about processing a sentence,
the events would be the individual words that are spoken or read in sequence.
By contrast, the right hemisphere is thought to be more synthetic, putting in-
dividual elements together to make up a whole. Cognitive processes here
might include constructing maps or other spatial structures, drawing sketches,
and navigating through mazes.

Popular press articles have made much of the difference between the two
cerebral hemispheres, going so far in some cases as to classify people as either
right-brained or left-brained. It’s very important to remember that this is a gross
oversimplification. The vast majority of individuals have two quite functional
cerebral hemispheres that continually interact to process information and carry
out cognitive functions. The odds that only one hemisphere would be active in
any everyday task are remote. Moreover, the two hemispheres are connected by
a large neural structure known as the corpus callosum, which sends informa-
tion from one hemisphere to another very quickly.

B BRAIN IMAGING TECHNIQUES

In Broca’s day, neurologists had to wait until a patient died to really investigate
the structural features of his or her brain. In the early part of the 20th century,
more information came from studies performed as patients underwent brain
surgery—to remove a tumor or stop the spread of epilepsy, most commonly.
Fortunately for people but unfortunately for science, ethical considerations
precluded doing brain surgery on healthy people, which limited our under-
standing of how “normal” brains functioned.

However, in the last four decades, technology has advanced to the point
where neurologists and neuropsychologists can examine the functioning of
normal brains using noninvasive means. We will briefly review some of these
methods, known collectively as brain imaging techniques.

Some of these methods give us information about neuroanatomy—the
structures of the brain. One of the earliest such brain-imaging techniques,
developed in the 1970s, was X ray computed tomography—also called X ray
CT, computerized axial tomography, or CAT scan—a technique in which
a highly focused beam of X rays is passed through the body from many different
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FIGURE 2-9 B C'I' scanner. A person’s head is placed into the device (A), and then a
rapidly rotating source sends X rays through the head while detectors on the opposite
side make photographs (B). A computer then constructs an image of the brain.

SOURCE: Kalat (1995, p. 136).

angles. Differing densities of body organs (including the brain) deflect the X
rays differently, allowing visualization of the organ. Figure 2-9 depicts a person
undergoing a CAT scan.

Typically, CAT scans of a person’s brain result in 9 to 12 different “slices” of
the brain, each one taken at a different level of depth. CAT scans depend on
the fact that structures of different density show up differently. Bone, for ex-
ample, is denser than blood, which is denser than brain tissue, which is in turn
denser than cerebrospinal fluid (Banich, 2004). Recent brain hemorrhages are
typically indicated by the presence of blood; older brain damage, by areas of
cerebrospinal fluid. Thus clinicians and researchers can use CAT scans to pin-
point areas of brain damage and also to make inferences about the relative
“age” of the injury.

Although an important diagnostic tool in neuropsychology, CAT scans are
used less often than a newer brain-imaging technique, magnetic resonance
imaging, or MRI. Like CAT scans, MRI provides information about neu-
roanatomy. Unlike CAT scans, however, MRI requires no exposure to radiation
and often permits clearer pictures, as you can see in Figure 2-10 (D), which
shows an MRI scan of a brain.

Someone undergoing an MRI typically lies inside a tunnel-like structure
that surrounds the person with a strong magnetic field. Radio waves are directed
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Images not available due to copyright restrictions

at the head (or whatever body structure is being scanned), causing the centers
of hydrogen atoms in those structures to align themselves in predictable ways.
Computers collate information about how the atoms are aligning and produce
a composite three-dimensional image from which any desired cross section can
be examined further.

MRI scans are often the technique of choice, as they now produce “textbook-
quality anatomy pictures” of a brain (Carlson, 2004, p. 192). However, not
everyone can undergo an MRI scan. The magnetic fields generated in an MRI
scan interfere with electrical fields, so people with pacemakers are not candi-
dates for an MRI (pacemakers generate electric signals). Neither are people
with metal in their bodies, such as a surgical clip on an artery or a metal shav-
ing in the eye. The magnetic field could dislodge the metal in the body, caus-
ing trauma. Metal anchored to hard surfaces, such as dental fillings, is not a
problem. Because MRIs require people to lie very still in a tunnel-like machine
that often leaves little room for arm movements; people with claustrophobia
are also not good candidates for this technique.
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As I've already mentioned, these two techniques provide pictures of brain
structures, and investigators can use these pictures to pinpoint areas of damage
or other abnormality. However, these scans provide relatively static pictures of the
parts of a brain and do not give much information about how a brain functions—
that is, what areas of the brain show activity when people perform different tasks.
To answer such questions, different brain-imaging techniques are needed. Fortu-
nately, recent developments have created techniques that fit the bill.

A functional brain-imaging technique that also dates back to the 1970s is
called positron emission tomography, or PET. This technique involves in-
jecting a radioactively labeled compound (radioisotopes of carbon, nitrogen,
oxygen, or fluorine, subatomic particles that rapidly emit gamma radiation,
which can be detected by devices outside the head). PET scans measure the
blood flow to different regions of the brain, allowing an electronic reconstruc-
tion of a picture of a brain, showing which areas are most active at a particular
time (Posner & Raichle, 1994). A variation of the PET procedure involves mea-
suring local metabolic changes instead of blood flow, using an injection of flu-
orodeoxyglucose, a radioisotope structurally similar to glucose. Figure 2-10 (C)
provides a black-and-white representation of a PET scan, although more typi-
cally such visualizations are presented in color.

PET scans rely on the fact that when an area of the brain is active, more
blood flows to it, and its cells take up more glucose from the blood vessels that
penetrate it (Frith & Friston, 1997; Kung, 1993). People undergoing a PET
brain scan sit with their head in a ring of photocells. A radioactive tracer, typi-
cally O, (oxygen with one electron removed), is injected into a vein as water
(that is, as H,">O). Within 30 seconds, the tracer starts to reach the brain. The
tracer °O accumulates in the brain in direct proportion to the amount of blood
flowing to that brain region (Banich, 2004). Within the roughly 2 minutes be-
fore the radioactive tracer decays to its half-life, several scans can be made,
showing the amount of blood flowing to that region (Frith & Friston, 1997).

Another technique to measure cerebral blood flow is known as single-
photon emission computed tomography, or SPECT for short. The basic tech-
nique is similar to a PET scan, but does not require some of the expensive
equipment a PET scan does; thus it is sometimes known as a “poor person’s
PET” (Zillmer & Spiers, 2001).

Like CAT scans, PET and SPECT scans use radiation. Moreover, PET
scans show activity averaged over some amount of time, approximately a
minute and a half (for the tracer °O) up to an hour, making it hard to pinpoint
the time course of the brain activity. PET scans can also require very expensive
equipment not widely available.

A newer technique may offer a way out of these difficulties. Functional
magnetic resonance imaging, or fMRI, relies on the fact that blood has
magnetic properties. As blood is carried from the heart, it is maximally magnetic.
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A person undergoing a PET scan, with results showing on the screen at right.

As it passes through capillaries, it becomes less magnetic. Brain regions that
show activity show a change in the ratio of oxygenated to deoxygenated blood
(Banich, 2004). Such fMRI scans use existing MRI equipment but provide
clinicians and investigators with a noninvasive, nonradioactive means of as-
sessing blood flow to various brain regions.

These techniques for studying the way the brain functions make possible
new connections and new questions in cognitive psychology. Before the avail-
ability of these techniques, cognitive theories did not refer to the biological
mechanisms that implement various cognitive processes. Now cognitive neuro-
scientists offer us findings from studies based on a new assumption: “The map-
ping between physical activity in the brain and its functional state is such that
when two experimental conditions are associated with different patterns of
neural activity, it can be assumed that they have engaged distinct cognitive func-
tions” (Rugg, 1997, p. 5). A review of 275 PET and fMRI studies (Cabeza &
Nyberg, 2000), for example, showed different areas of activation for different
cognitive functions: attention, perception, imagery, language, and memory.

Another “window on the brain” can be obtained through electrical recording
methods. You may already know that when neurons in the brain (or anywhere
else, for that matter) fire, they generate electrical activity. Some animal re-
search has involved placing electrodes in individual neurons to detect when
and how often those single cells fire. Such work is not done with humans.

Roger Ressmeyer/CORBIS
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Instead, the sum total of electrical activity generated by a large number of
neurons comprises the information gathered (Banich, 2004).

Electroencephalography (EEG) is used to detect different states of
consciousness. Metal electrodes are positioned all over the scalp. The wave-
forms record changes in predictable ways when the person being recorded is
awake and alert, drowsy, asleep, or in a coma. EEGs provide the clinician or
researcher with a continuous measure of brain activity (Banich, 1997). A newer
technique, magnetoencephalography, or MEG, measures changes in magnetic
fields generated by electrical activities of neurons. It has been called the
“magnetic equivalent” of EEG (Springer & Deutsch, 1998). MEG gives a more
precise localization of brain region activity than does EEG.

Another electrical recording technique, called event-related potential,
or ERP, measures an area of the brain’s response to a specific event. Partici-
pants in an ERP study have electrodes attached to their scalp and are then pre-
sented with various external stimuli, such as sights or sounds. The recording
measures brain activity from the time before the stimulus is presented until
some time afterward. The brain waves recorded also have predictable parts, or
components. That is, the shape of the waveform can vary depending on
whether or not the participant expects the stimulus to occur or is attending to
the location in which the stimulus appears and whether the stimulus is physi-
cally different from other recent stimuli.

Brain imaging and recording techniques certainly include a lot of acronyms!
How can the novice keep them all straight? One way to do so is to categorize
the techniques according to the kind of information they provide. CAT and
MRI scans yield neuroanatomical information. PET, SPECT, and fMRI pro-
vide dynamic information about how blood flows during various cognitive ac-
tivities. MEG, EEG, and ERPs all measure electrical activity during cognitive
activities. In the chapters to come, we will see examples of studies that have
made use of each of these techniques to investigate the neural underpinnings
of different cognitive activities.

We have covered a lot of ground in this chapter, and yet we have still
only begun to grapple with the complexities of the human brain. The interested
student should refer to a text on neuropsychology, physiology, or biological
psychology for more detail on any of the topics introduced here (see, for exam-
ple, Banich, 2004, and Zillmer & Spiers, 2001).

What is important to remember is that cognitive processes are imple-
mented in human brains. Some researchers make an analogy between human
minds and computers; in this view, the brain is the “hardware” (“wetware”) and
the cognitive processes the software. Although the two aspects of functioning
can be distinguished, to really understand either we must have some familiar-
ity with both, and with how they interact. We'll return to this idea throughout
the upcoming chapters.
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y SUMMARY
u

1. The hindbrain, containing some of the most evolutionarily primitive structures, is
responsible for transmitting information from the spinal cord to the brain,
regulating life support functions, and helping to maintain balance.

2. The midbrain contains many “relay” centers to transfer information between
different brain regions.

3. The forebrain contains the thalamus, hypothalamus, hippocampus, amygdala, and
the cerebral cortex, structures that are most directly implicated in cognitive
processes such as memory, language, planning, and reasoning.

4. The cerebral cortex has four lobes: frontal (involved with movement and
planning), parietal (involving reception and integration of sensory information),
occipital (processing visual information), and temporal (processing auditory
information as well as information about taste and smell).

5. Although some specific brain areas have specific functions localized to them (for
example, the motor cortex or the primary somatosensory cortex), most higher order
cognitive processes do not map to one specific neural area.

6. Aphasia, a disorder of language, has been traced to two different areas of the
brain, Broca’s area and Wernicke’s area, although other brain areas are likely
involved as well.

7. Cerebral hemispheres have been shown to be lateralized in many individuals, with
the left hemisphere usually processing analytical information and the right
hemisphere synthesizing information. In normal operation, however, the two
hemispheres communicate extensively.

8. A variety of modern techniques have been developed to measure the functioning
of the brain during cognitive processing. Among the major techniques are CAT
scans, MRI, PET scans, fMRI, EEG recordings, and ERP recordings.

ReviEw QUESTIONS

1. Predict which brain areas are likely to be most involved with the cognitive
processes of perception, attention, memory, language, and problem solving.
Provide a rationale for your predictions.

2. Describe the functions of the four lobes of the cerebral cortex.
3. Explain how modern-day localization of brain function differs from phrenology.

4. What does it mean to say that the cerebral hemispheres show lateralization? What
is the typical pattern of lateralization?

5. Compare and contrast the various brain imaging and brain recording techniques.
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Key TErmS

ablation

amygdala

aphasia

CAT (computerized axial
tomography)

cerebellum

cerebral cortex

corpus callosum

EEG (electroencephalog-
raphy)

ERP (event-related
potential)

executive functioning

faculty psychology

fMRI (functional MRI)

forebrain

frontal lobe

hindbrain

hippocampus

hypothalamus

lateralization

localization of function

medulla oblongata

midbrain

motor cortex

MRI (magnetic resonance
imaging)

occipital lobe

CogLab DEemoONSTRATIONS

To check your knowledge of the key concepts in this chapter, take the chapter
quiz at http://www.thomsonedu.com/psychology/galotti. Also explore the hot links

that provide more information.

If you have access to Coglab, a web-based set of demonstrations in cogni-
tive psychology, you may want to try the Brain Asymmetry, Mapping the
Blind Spot, and Receptive Fields demonstrations, which will give you some
of the flavor of a research enterprise in cognitive neuroscience investigations.

@ WEB RESOURCES

Visit our website. Go to http://www.thomsonedu.com/psychology/galotti, where
you will find online resources directly linked to your book, including quizzes,

flashcards, crossword puzzles, and glossaries.
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pons

prefrontal cortex

primary somatosensory
cortex
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Perceiving Objects
and Recognizing
Patterns

Look across the room right now, and notice
the objects you see. Maybe, if you are
looking out a window, you see some trees
or bushes, perhaps a bicycle or car, maybe
a person walking or a group of children
playing.

What vyou've just done, cognitively
speaking, is an amazing achievement: You've
taken sensory input and interpreted it
meaningfully, in a process known as per-
ception. In other words, you have per-
ceived patterns, objects, people, and possi-
bly events in your world. You may not
consider this achievement at all remark-
able—after all, it's something you do every
day. However, computer scientists trying to
create artificially intelligent systems have
discovered just how complicated the
process of perception is. Neuroscientists
have estimated that the areas of our brain
responsible for visual processing occupy up
to half of the total cortex space (Tarr, 2000).

The central problem of perception is
explaining how we attach meaning to the
sensory information we receive. In the ex-
ample just given, you received and some-
how interpreted a great deal of sensory
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information: You “saw” certain objects as trees, people, and so forth. You recog-
nized certain objects—that is, saw them as things you had seen before. The
question for cognitive psychologists is how we manage to accomplish these
feats so rapidly and (usually) without error.

The vast topic of perception can be subdivided into visual perception,
auditory perception (the two best studied forms), olfactory perception, haptic
(touch) perception, and gustatory (taste) perception. For the purposes of this
chapter, we will concentrate on visual perception—in part to keep our discus-
sion manageable and in part because visual perception is the kind psycholo-
gists study most. From time to time, we will also look at examples of other
kinds of perception to illustrate different points.

Notice that when you look at an object, you acquire specific bits of infor-
mation about it, including its location, shape, texture, size, and (for familiar
objects) name. Some psychologists—namely, those working in the tradition
of James Gibson (1979)—would argue that you also immediately acquire
information about the object’s function. Cognitive psychologists seek to
describe how people acquire such information and what they then do to
process it.

Several related questions immediately arise. How much of the information
we acquire through perception draws on past learning? How much of our per-
ception do we infer, and how much do we receive directly? What specific cog-
nitive processes enable us to perceive objects (and events, and states, and so
on)? Where can the line be drawn between perception and sensation, the ini-
tial reception of information in a specific sensory modality—vision, hearing,
olfaction? Where can the line be drawn between perception and other kinds of
cognition, such as reasoning or categorization? Clearly, even defining percep-
tion so as to answer these questions is a challenge.

For the present, we will adopt what might be called the “classic” approach
to defining perception. Figure 3-1 illustrates this approach for visual percep-
tion. Out in the real world are objects and events—things to be perceived—
a book or, as in my earlier example, trees and shrubs. Each such object is a
distal stimulus. For a living organism to process information about these
stimuli, it must first receive the information through one or more sensory
systems—in this example, the visual system. The reception of information and
its registration by a sense organ make up the proximal stimulus. In our
earlier example, light waves reflect from the trees and cars to your eyes, in
particular to a surface at the back of each eye known as the retina. There, an
image of the trees and cars, called the retinal image, is formed. This image is
two-dimensional, and its size depends on your distance from the window and
the objects beyond (the closer you are, the larger the image). In addition, the
image is upside down and is reversed with respect to left and right.
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FIGURE 3-1 B Distal stimuli, proximal stimuli, and percepts.

Percept (recognition

of object as a book)
0O

Proximal stimulus

Distal stimulus (retinal image of book)

(book)

The meaningful interpretation of the proximal stimulus is the percept—
your interpretation that the stimuli are trees, cars, people, and so forth. From
the upside-down, backward, two-dimensional image, you quickly (almost in-
stantaneously) “see” a set of objects you recognize. You also “recognize” that,
say, the giant oak tree is closer to you than are the lilac shrubs, which appear to
recede in depth away from you. This information is not part of the proximal
stimulus. Somehow, you must interpret the proximal stimulus to know it.

Although researchers studying perception disagree about much, they do
agree that percepts are not the same things as proximal stimuli. Consider a
simple demonstration of size constancy. Extend your arm away from your
body, and look at the back of your hand. Now, keeping the back of your hand
facing you, slowly bring it toward you a few inches, then away from you. Does
your hand seem to be changing size as it moves? Probably not, although the
size of the hand in the retinal image is most certainly changing. The point here
is that perception involves something different from the formation of retinal
images.

Related to perception is a process called pattern recognition. This is the
recognition of a particular object, event, and so on, as belonging to a class of
objects, events, and so on. Your recognition of the object you are looking at as be-
longing to the class of things called “shrubs” is an instance of pattern recognition.
Because the formation of most percepts involves some classification and recog-
nition, most, if not all, instances of perception involve pattern recognition.

We will begin by considering proposals from the Gestalt school of psychol-
ogy that perception involves the segmentation, or “parsing,” of visual stimuli
into objects and backgrounds (and just how complicated this seemingly easy
process is). We will then turn to examine some (mostly) bottom-up models of
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perception. Then we will examine phenomena that have led many cognitive
psychologists to argue that some top-down processes must occur in perception
in interaction with bottom-up processing. We will examine some neurological
findings pertaining to object perception and will also consider a connectionist
model of word perception.

We will then review a very different view: work inspired by J. J. Gibson (1979)
on “direct perception.” Gibson’s view departs from most other theories of per-
ception in that he claims perceivers actually do little “processing” of information,
either bottom-up or top-down. Instead, he believes the information available in
the world is sufficiently rich that all the perceiver needs to do is detect or “pick up
on” that information. We will conclude by looking at some neuropsychological
work on patients who have an inability to perceive (but have intact visual abili-
ties) to help illustrate just what the process of perception is all about.

B GESTALT APPROACHES TO PERCEPTION

One of the most important aspects of visual perception has to do with how we
interpret stimulus arrays as consisting of objects and backgrounds. Consider,
for instance, Figure 3-2. This stimulus pattern can be seen in two distinct
ways: as a white vase against a black background or as two silhouetted faces
against a white background. This segregation of the whole display into objects
(also called the figure) and the background (also called the ground) is an im-
portant process known to cognitive psychologists as form perception.

Reversible figures aren’t just for perceptual psychologists, either! The artist
Salvador Dali exploits the existence of reversible figures in his work The Slave
Market with Disappearing Bust of Voltaire, shown in the top half of Figure 3-3.
Psychologist Robert Solso, who has written on the intersection of cognitive
psychology and the visual arts, presents a “blowup” of the hidden “bust of
Voltaire” in the bottom half of the figure.

FIGURE 3-2 B Goblet/silhouetted faces.
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The segregation of figure from ground has many consequences. The part of
the display seen as figure is seen as having a definite shape, as being some sort
of “thing,” and is better remembered than the part of the display interpreted as
ground, which is seen as more shapeless, less formed, and farther away in
space (Brown & Deffenbacher, 1979). Form perception is a cognitive task most
of us perform quickly and easily and thus take for granted. We assume, intu-
itively, that we perceive objects and backgrounds because there really are ob-
jects and backgrounds and all we do is see them.

But consider Figure 3-4. Almost everyone sees this figure as consisting of
two triangles, overlaid so as to form a six-pointed star. The corners of the top
triangle are typically seen as resting on three colored circles. Now look closely
at the figure, in particular at the top triangle. Recall that a triangle is defined as
a closed geometric figure that has three sides. Notice that in the figure itself
there are no sides. There is only white space that you, the viewer, interpret as
a triangle. You, the viewer, are somehow adding the three sides or contours.

FIGURE 3 -4 B Subjective, or illusory, contours.

Gregory (1972), who studied this phenomenon (called illusory contours or
subjective contours), believed that this relatively complex display is subject
to a simplifying interpretation the perceiver makes without even being aware of
making it: A triangle is lying on top of other parts of the figure and blocking them
from view. The point here is that this perception is not completely determined
by the stimulus display; it requires the perceiver’s active participation.

A number of individuals in the early part of the 20th century—among
them, Max Wertheimer, Kurt Koffka, and Wolfgang Kshler—were deeply in-
terested in how perceivers come to recognize objects or forms. As we saw in
Chapter 1, these researchers, who formed the Gestalt school of psychology,
were particularly concerned with how people apprehended whole objects, con-
cepts, or units. The Gestalt psychologists believed that perceivers follow cer-
tain laws or principles of organization in coming to their interpretations. They
first asserted that the whole, or Gestalt, is not the same as the sum of its parts.
To put it another way, Gestalt psychologists rejected the claim that we recog-

nize objects by identifying individual features or parts; instead, we see and rec-
ognize each object or unit as a whole.
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What are the Gestalt principles of perceptual organization that
allow us to see these wholes? The complete list is too long to describe (see
Koffka, 1935), so we will examine only five major principles. The first is the
principle of proximity, or nearness. Look at Figure 3-5(A). Notice that you
tend to perceive this as a set of rows, rather than as a set of columns. This is
because the elements within rows are closer than the elements within
columns. Following the principle of proximity, we group together things that
are nearer to each other.

Figure 3-5(B) illustrates the principle of similarity. Notice that you perceive
this display as formed in columns (rather than rows), grouping together those
elements that are similar. A third principle, the principle of good continuation,
depicted in Figure 3-5(C), states that we group together objects whose con-
tours form a continuous straight or curved line. Thus we typically perceive

FIGURE 3-5 B Gestalt principles of perceptual organization: (A) the principle of
proximity; (B) the principle of similarity; (C) and (D) the principle of good
continuation; (E) the principle of closure; and (F) the principle of common fate
(see text for further explanation).
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Figure 3-5(C) as two intersecting curved lines and not as other logically possi-
ble elements, such as Figure 35(D).

We encountered the fourth principle, the principle of closure, when we
looked at subjective contours. Figure 3-5(E) illustrates this principle more ex-
actly. Note that we perceive this display as a rectangle, mentally filling in the gap
to see a closed, complete, whole figure. The fifth principle, the principle of com-
mon fate, is difficult to illustrate in a static drawing. The idea is that elements
that move together will be grouped together, as depicted in Figure 3-5(F). You
can construct a better demonstration of this principle yourself (Matlin, 1988).
Take two pieces of transparent plastic (such as report covers cut in half). Glue
some scraps of paper on each. Lay one sheet upside down on top of the other,
and you will have a hard time telling which sheet of plastic any particular scrap
is on. Now move one sheet, holding the other still. You will suddenly see two
distinct groups of scraps.

Most of the Gestalt principles are subsumed under a more general law, the
law of Priignanz (Koffka, 1935). This law states that of all the possible ways of
interpreting a display, we will tend to select the organization that yields the
simplest and most stable shape or form. Thus simple and symmetric forms are
seen more easily than more complicated and asymmetric forms. This law may
help to explain our experience of Figure 3-4 with subjective contours. Because
the phantom “triangle” forms a simple, symmetric form, we “prefer” to interpret
the pattern as if the triangle were there.

In recent work, cognitive psychologists have shown a reawakened interest
in Gestalt principles. Consider Figure 3-6, and quickly describe what you see.
Did you first see four large letters: H, H, S, and S? If so, this is what most

FIGURE 3-6 B Compound letters.
SOURCE: Kimchi (1992, p. 26).

H H S S
H H S S
H H S S
HHHHH S§SSSS
H H S S
H H S S
H H S S
HHH S§SS
H H S S
H S
HHHHH SSSSS
H S
H H S S

HHH S§SS
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people report seeing first. But look more closely. The second H and the first S
are actually made up of little S’s and H’s, respectively. And indeed, in these two
figures, the processing doesn't seem to be disrupted by the fact that the ele-
mentary units (for example, little H’s) have entirely different angles and parts
(for example, straight lines) from the larger figure that they compose (for ex-
ample, the curves in the S). The perceptual immediacy of the larger figure over
the smaller components is well known and documented (Kimchi, 1992).

Many researchers of visual perception consider the Gestalt principles fun-
damental (Tarr, 2000), and researchers are beginning to demonstrate the use of
some Gestalt principles by infants as young as three to six months (Quinn,
Bhatt, Brush, Grimes, & Sharpnack, 2002). Some work on formalizing the
Gestalt law of Priignanz has begun, with a new theory called minimal model
theory (Feldman, 1999).

Despite its intuitive appeal, the Gestalt approach to form perception leaves
a number of questions unanswered (Pomerantz & Kubovy, 1981). We don't
know, for instance, just how these principles are translated into cognitive or
physiological processes. Moreover, without further specification the law of
Prignanz can be seen as circular. (Why do we see two triangles in Figure 3-4?
Because this interpretation makes for a simple, stable figure. How do we know
this figure is simple and stable? Because we so readily see it.)

Many cognitive psychologists studying perception acknowledge their debt
to the Gestalt psychologists. The challenge for current researchers is to blend
the rich observations of Gestalt psychology with research techniques designed
to tell us just how the processes used to form perception operate.

B BOTTOM-UP PROCESSES

Psychologists studying perception distinguish between bottom-up and top-
down processes. The term bottom-up (or data-driven) essentially means that
the perceiver starts with small bits of information from the environment that
he combines in various ways to form a percept. A bottom-up model of percep-
tion and pattern recognition might describe your seeing edges, rectangular and
other shapes, and certain lighted regions and putting this information together
to “conclude” you are seeing doors and a hallway. That is, you would form a per-
ception from only the information in the distal stimulus.

In top-down (also called theory-driven or conceptually driven) processing,
the perceiver’s expectations, theories, or concepts guide the selection and com-
bination of the information in the pattern recognition process. For example, a
“top-down” description of the door-and-hallway example might go something
like this: You knew you were in your dorm room and knew from past experience
approximately how close to the window the various trees, shrubs, and other ob-
jects were. When you looked in that direction, you expected to see trees,
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shrubs, walkways with people on them, a street with cars riding by, and so on.
These expectations guided where you looked, what you looked at, and how you
put the information together.

In this section, we will focus on bottom-up models. The idea here is that
the system works in one direction, starting from the input and proceeding to a
final interpretation. Whatever happens at a given point is unaffected by later
processing; the system has no way of going back to an earlier point to make
adjustments.

To picture bottom-up processing, imagine a row of students seated at desks.
The student in the last seat of the row starts the process by writing a word
down on a piece of paper and handing the paper to the student in front of her.
That student adds some information (maybe another word, maybe an illustra-
tion) and, in turn, hands the paper to the student in front of him, and so on,
until the paper reaches the student at the front of the row. Students at the front
of the row have no opportunity to ask students behind them for any clarifica-
tion or additional information.

When psychologists speak of bottom-up perceptual processes, they typi-
cally have in mind something that takes information about a stimulus (by defi-
nition a “lower” level of processing) as input. Bottom-up processes are relatively
uninfluenced by expectations or previous learning (the so-called higher-level
processes). Posner and Raichle (1994) argued that bottom-up processes in-
volve automatic, reflexive processing that takes place even when the perceiver
is passively regarding the information. In this section we will consider three
distinct examples of bottom-up models of perception.

Template Matching

Figure 3-7 shows a copy of a check. Notice the numbers at the bottom of the
check. These numbers encode certain information about a checking account—
the account number, the bank that manages it, and so forth. These numbers
may look funny to you, but they wouldn't look at all funny to machines known

FIGURE 3-7 B A sample bank check. Note the numbers at the bottom.
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as check sorters, such as those the Federal Reserve banks use to sort checks and
deliver them to the correct banks for payment. These machines “read” the num-
bers and compare them to previously stored patterns, called templates. The
machines “decide” which number is represented by comparing the pattern to
these templates, as shown in Figure 3-8. A tour of your local Federal Reserve
bank can convince you that this system works most impressively.

FIGURE 3-8 B [llustration of template matching. The input “4” is compared either
serially or simultaneously with all of the available templates. The match to “4” is

the best.
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You can think of a template as a kind of stencil—one of the art supplies you
probably owned as a child. If you remember, those stencils let you trace as
many copies as you wanted of the same thing. Templates work like stencils in
reverse. An unknown incoming pattern is compared to all of the templates
(stencils) on hand and identified by the template that best matches it.

As a model of perception, template matching works this way: Every object,
event, or other stimulus that we encounter and want to derive meaning from is
compared to some previously stored pattern, or template. The process of per-
ception thus involves comparing incoming information to the templates we
have stored, and looking for a match. If a number of templates match or come
close, we need to engage in further processing to sort out which template is
most appropriate. Notice that this model implies that somewhere in our knowl-
edge base we've stored millions of different templates—one for every distinct
object or pattern we can recognize.

As may already be apparent to you, template-matching models cannot com-
pletely explain how perception works. First, for such a model to provide a com-
plete explanation, we would need to have stored an impossibly large number of
templates. Second, as technology develops and our experiences change, we be-
come capable of recognizing new objects—DVDs, Palm Pilots, laptop comput-
ers, cellular phones. Template-matching models thus have to explain how and
when templates are created and how we keep track of an ever-growing number
of templates.

A third problem is that people recognize many patterns as more or less the
same thing, even when the stimulus patterns differ greatly. Figure 3-9 illus-
trates this point. I constructed this figure by having nine people write the sen-
tence “I like cog. psych.” in their own handwriting. You should be able to read
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FIGURE 3-9 B Handwriting samples.

. ’;& “7 P
(_7[ /[/l-//ﬁ&, C/-/&f- -,/(7/¢ch (=

T S (bJ [)&‘aoﬂg.
S Len Log Barged,
S0 Lk cog. Tageh

each sentence despite the wide variation in the size, shape, orientation, and
spacing of letters.

How can a template-matching model explain your recognition that all nine
people have written the “same” sentence? In everyday life, much of the stimu-
lus information we perceive is far from regular, whether because of deliberate
alteration, degradation, or an unfamiliar orientation (compare an overturned
cup or bicycle with one that is right side up). Is a separate template needed for
each variation? And how is the perceiver to know whether an object should be
rotated or otherwise adjusted before she tries to match it to a template? Re-
member, matching information to templates is supposed to tell the perceiver
what the object is. The perceiver can’t know ahead of time whether an input
pattern should be adjusted before he tries to match it to different templates,
because presumably the perceiver does not yet know what the object is!

So although there are real technological examples of template matching, we
probably don’t rely heavily on such a process in our everyday perception. (We
will consider a possible exception to this generalization when we talk about
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experiments involving mental rotation of line drawings, in Chapter 9.) Tem-
plate matching works only with relatively clean stimuli, for which we know
ahead of time what templates may be relevant. It does not adequately explain
how we perceive as effectively as we typically do the “noisy” patterns and
objects—blurred or faint letters, partially blocked objects, sounds against a
background of other sounds—that we encounter every day.

Featural Analysis

I'm staring at the object | perceive to be my office door. As I do, I'm able to rec-
ognize not only the whole door but also certain parts of it: the narrow edge
facing me, the inside and outside doorknobs, the latch, the metal plate on the
bottom of the outside of the door to protect it from scuffing. Some psycholo-
gists believe such analysis of a whole into its parts underlies the basic
processes used in perception. Instead of processing stimuli as whole units, we
might instead break them down into their components, using our recognition
of those parts to infer what the whole represents. The parts searched for and
recognized are called features. Recognition of a whole object, in this model,
thus depends on recognition of its features.

Such a model of perception—called featural analysis—fits nicely with some
neurophysiologic evidence. Some studies of the retinas of frogs (Lettvin, Mat-
urana, McCullogh, & Pitts, 1959) involved implanting microelectrodes in in-
dividual cells of the retina. Lettvin et al. found that specific kinds of stimuli
could cause these cells to fire more frequently. Certain cells responded
strongly to borders between light and dark and were called “edge detectors”—
“edge” because they fired when stimulated by a visual boundary between light
and dark, “detectors” because they indicated the presence of a certain type of
visual stimulus. Others responded selectively to moving edges, and others, jok-
ingly called “bug detectors,” responded most vigorously when a small, dark dot
(much like an insect) moved across the field of vision. Hubel and Wiesel
(1962, 1968) later discovered fields in the visual cortexes of cats and monkeys
that responded selectively to moving edges or contours in the visual field that
had a particular orientation. In other words, they found evidence of separate
“horizontal-line detectors” and “vertical-line detectors,” as well as other distinct
detectors.

How does this evidence support featural analysis? Certain detectors appear
to scan input patterns, looking for a particular feature. If that feature is pre-
sent, the detectors respond rapidly. If that feature is not present, the detectors
do not respond as strongly. Each detector, then, appears designed to detect the
presence of just one kind of feature in an input pattern. That such detectors
exist, in the form of either retinal or cortical cells, confirms the applicability of
the featural analysis model.
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Irving Biederman (1987) proposed a theory of object perception that uses a
type of featural analysis that is also consistent with some of the Gestalt princi-
ples of perceptual organization discussed earlier. Biederman proposed that
when people view objects, they segment them into simple geometric compo-
nents, called geons. Biederman proposed a total of 36 such primitive compo-
nents, some of which are pictured in Figure 3-10. From this base set of units,
he believed, we can construct mental representations of a very large set of com-
mon objects. He made an analogy between object and speech perception: From
the 44 phonemes, or basic units of sound, in the English language, we can
represent all the possible words in English (a number well into the hundreds of
thousands). Likewise, Biederman argued, from the basic set of 36 geons, we
can represent the thousands of common objects we can quickly recognize.

As evidence for his theory (called “recognition by components”), Bieder-
man offered Figure 3-11, a line drawing of a fictional object probably none of
us has ever seen. Nonetheless, we would all show surprising agreement over

FIGURE 3-10 B Some examples of geons.
SOURCE: Biederman (1987, pp. 122-123).
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FIGURE 3-11 B A fictional object.
SOURCE: Biederman (1987, p. 116).

69



70

Part Il m Basic Processes

what the “parts” of the unknown object are: a central “box,” a wavy thing at the
lower left, a curved-handled thing on the lower right, and so on. Biederman be-
lieved the same perceptual processes we use to divide this unknown figure into
parts are used for more familiar objects. We divide the whole into the parts, or
geons (named for “geometrical ions”; Biederman, 1987, p. 118). We pay atten-
tion not just to what geons are present but also to the arrangement of geons. As
Figure 3-12 shows, the same two geons combined in different ways can yield
very different objects.

FIGURE 3-12 B Different objects containing the same geons in different arrangements.
SOURCE: Biederman (1987, p. 119).
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Biederman also showed that when people see incomplete drawings, such as
those in Figure 3-13, they can identify the object if the intact parts of the picture
include object vertexes—that is, segments that allow the identification of com-
ponent geons—as in the degraded pictures in the middle column. However,
when vertexes are deleted, as in the rightmost column, this destroys the per-
ceiver’s ability to recover the underlying geons and greatly reduces (almost to zero)
the probability of correctly identifying the object. (Note: Not all perception re-
searchers accept the notion of geons as fundamental units of object perception.
Tarr and Biilthoff, 1995, present a complex but interesting competing proposal.)

Other research has provided additional evidence of featural processing in
perception. For example, flashing letters on a computer screen for very brief
intervals of time typically results in certain predictable errors. For example,
people are much more likely to confuse a G with a C than with an F
Presumably this is because the letters C and G share many features: a curved
line, an opening to the right. Eleanor Gibson (1969) has tabulated the features
of capital letters for the Roman alphabet we use, as shown in Table 3-1.

Studies by Neisser (1963) confirmed that people use features to recognize
letters. Neisser had participants perform a visual search task in which
researchers presented them with arrays of letters, such as those shown in Fig-
ure 3-14. The researchers asked them to respond if they detected the presence
of a particular target, such as the letter Q or the letter Z. Shown an array such as
Figure 3-14(A), participants took much longer to find a Z than they did to find a
Q; the reverse was true for arrays similar to Figure 3-14(B). The nontarget let-
ters in array (A) all share features like straight and angular lines, whereas those
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FIGURE 3-13 B Five stimulus objects used in the experiment on degraded objects.
See text for explanation.
SOURCE: Biederman (1987, pp. 122-123).
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in array (B) share features such as roundness. Similarity between the target let-
ter (Z or Q) and the nontarget letters can make the search much harder.
Similar findings have been reported for auditory perception of syllables that
share many articulatory features. For example, da and ta are more likely to be
confused than are two syllables that share fewer similarities, such as da and sa
(Miller & Nicely, 1955). Examples of articulatory features (for consonants)
include voicing, or vibration of the vocal cords (b is voiced, for example, but p is

n
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HHHHHIHH“ Table 3-1 Features of Capital Letters
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Features

A

E

F

H

|

L

T

K

M

Straight

Horizontal

Vertical

Diagonal /

Diagonal \

Curve

Closed

Open V

Open H

Intersection

Redundancy

Cyclic change

Symmetry

Discontinuity

Vertical

Horizontal

+ |+

SOURCE : E. ]. Gibson (1969, p. 88).

FIGURE 3-14 B Visual search stimuli. Notice how long it takes to find a Z or a Q in

(A) and (B).
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not); nasality, whether the air is directed into the nasal passages (1) or not (1); du-
ration, how long the (consonant) sound lasts (compare s with t); and place of
articulation, where in the mouth the sound is formed (compare p and b, formed
in the front; t and d, formed in the middle; and k and g, formed in the back).

Selfridge (1959) developed a model for the perception of letters that was
based on featural analysis. The model was called Pandemonium, for reasons
that will soon become clear. It consists of a number of different kinds of
“demons,” which function basically as feature detectors. Demons at the bot-
tom (first) level of processing scan the input, and demons at higher levels scan
the output from lower-level demons. In response to what they find, the
demons scream. The first kind of demons are image demons, which convert
the proximal stimulus into representations, or internal depictions of informa-
tion, that higher-level demons can assess. Each representation is scanned
by several feature demons, each looking for a different particular feature
(such as a curved or a vertical line). If a demon finds such a feature, that
demon screams.

Feature demons communicate the level of confidence that the feature is
present by screaming more softly or loudly. Letter demons cannot look at the
stimulus itself but can only listen to the feature demons. The letter demons pay
particular attention to the demons associated with their particular letter. The A
demon, for instance, listens especially hard to the feature demons for “slanted
line” and “vertical line.” Letter demons scream when the output from the fea-
ture demons convinces them their letter is in the representation—again, more
loudly or softly, depending on the level of confidence. A single decision demon
listens to all this screaming and decides what letter is being presented.

Figure 3-15 illustrates the structure governing the screaming chaos of the
demons. The Pandemonium model, named with a sense of humor, illustrates a
number of important aspects of featural analysis. First, demons can scream
more loudly or softly, depending on the clarity and quality of the input. This
allows for the fact that real-life stimuli are often degraded or incomplete, yet
objects and patterns can still be recognized. Second, feature demons can be
linked to letter demons in such a way that more important features carry
greater weight. This takes into account that some features matter more than
others in pattern recognition.

Take the case of the letter A. In writing this letter, some people are sloppy
about their slanted vertical lines (sometimes the lines are almost parallel), yet
the A is still often recognizable. Without the horizontal line, however, the pat-
tern seems to stop being an A. In the Pandemonium model, then, the letter
demon for A would be more tightly connected to the horizontal-line feature
demon than it would be to the slanted-line demons. Last, the weights of the
various features can be changed over time, allowing for learning. Thus a
demon model could learn to recognize my mother’s handwritten A’s, even
though she makes her capital A’s with no slanted lines, only two very curved

13



74 Part Il m Basic Processes

FIGURE 3-15 B A depiction of Selfridge’s (1959) Pandemonium model.
SOURCE: Klatzky (1980).

Decision
demon

Cognitive )
Etc.

demons

Feature / | _ \ / ( )

demons

P
-

Image
demon

lines. With practice, this model could learn to read even my doctor’s hand-
writing—something even | have trouble with!

Featural analysis models are not without problems, however. To begin with,
there are at present no good definitions of what can be a feature and what can-
not, except in very restricted domains, such as the perception of letters or the
perception of line drawings of familiar objects. Consider the perception of a
face. Are there general features for eyes, nose, mouth? Are there specific fea-
tures for right nostril, left eyebrow, lower lip? Just how many features can there
be? Do different kinds of objects have different sets of features? Consider a ver-
tical line. Although this feature is no doubt important for perceiving the letter
A, how does it relate to perceiving a real human face? A beach ball? A wave
crashing on shore? If there are different sets of features for different objects,
how does the perceiver know which ones to use to perceive an object (remem-
ber, this must be decided before the perceiver knows what the object is). If the
same set of features applies to all objects, the list of possible features would
appear huge. How does the perceiver perceive objects so fast, then?
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By the way, we will encounter featural models again when we talk about
concepts in Chapter 8. All the questions and concerns about featural models
will appear there as well.

Prototype Matching

Another kind of perceptual model, one that attempts to correct some of the
shortcomings of both template-matching and featural analysis models, is
known as prototype matching. Such models explain perception in terms of
matching an input to a stored representation of information, as do template
models. In this case, however, the stored representation, instead of being a
whole pattern that must be matched exactly or closely (as in template-matching
models), is a prototype, an idealized representation of some class of objects or
events—the letter M, a cup, a VCR, a collie, and so forth.

You can think of a prototype as an idealization of the thing it represents. The
prototypical dog, for instance, would be a depiction of a very, very typical dog—
the “doggiest” dog you could think of or imagine. There may or may not be in
existence any particular dog that looks exactly like the prototype. Figure 3-16
shows variations of the letter M. If your intuitions agree with those of most
people I've shown this figure to, you'll judge the letters toward the center of the
figure to be more prototypical.

Prototype-matching models describe perceptual processes as follows.
When a sensory device registers a new stimulus, the device compares it with
previously stored prototypes. An exact match is not required; in fact, only an
approximate match is expected. Prototype-matching models thus allow for dis-
crepancies between the input and the prototype, giving prototype models a lot
more flexibility than template models. An object is “perceived” when a match
is found.

FIGURE 3-16 B Examples of the letter M.
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Many of you are familiar with Palm Pilots, handheld personal digital assis-
tants (PDAs) that allow users to keep calendars, date books, address books, and
so forth, all in a little box smaller than a deck of cards. Palm Pilots make use of
prototype matching in their “graffiti writing system,” depicted in Figure 3-17.
Although people’s handwriting differs (in size, amount of slant, steadiness of
the lines drawn), the PDA evidently tries to make the best match of an input
letter written by the user to one of the several letter or number prototypes, a
subset of which is shown in Figure 3-17.

FIGURE 3-17 B Basic “Graffiti” characters from the Palm Pilot personal digital
assistant.

SOURCE: Available on the Web at http://www.palm.com/support/handbooks/m125_gsg_US.pdf and accessed on
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Prototype models differ from template and featural analysis models in that
they do not require that an object contain any one specific feature or set of fea-
tures to be recognized. Instead, the more features a particular object shares
with a prototype, the higher the probability of a match. Moreover, prototype
models take into account not only an object’s features or parts but also the
relationships among them.

Where, though, do prototypes come from? Posner and Keele (1968) demon-
strated that people can form prototypes surprisingly quickly. These researchers
created a series of dot patterns by arranging nine dots in a 30-by-30 grid to form
a letter, a triangle, or a random pattern. The dots were then moved slightly to
different positions in the grid (Posner, Goldsmith, & Welton, 1967). The origi-
nal patterns were designated prototypes, and the others (which were really vari-

ations on the same basic patterns), distortions. Some examples are shown in
Figure 3-18.
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FIGURE 3-18 B Stimuli used by Posner and Keele (1968). The top left-hand box
shows the prototype; other boxes show distortions.
SOURCE: Posner et al. (1967, p. 30).

Participants viewed the various distortions but not the prototypes and were
not told that the distortions were in fact distortions. Participants learned to
classify the distortions into groups, based (unknown to the participants) on the
original pattern from which the distortion was derived. After they could per-
form this classification without errors, participants were shown another series
of dot patterns and asked to classify them in some way. The dot patterns shown
in this part of the experiment were of three types: old—distortions participants
had seen before; new—distortions participants had not previously encoun-
tered; and prototypes, also not previously seen. Participants correctly classified
about 87% of the old stimuli, about 67% of new stimuli (still better than
chance), and 85% of the prototypes.

Given that participants had never seen the prototypes before, their accuracy
in classifying them is truly surprising. How can it be explained? Posner and
Keele (1968) argued that during the initial classification task, people formed
some sort of mental representation of each class of items. These representa-
tions might be mental images or pictures. Some participants described verbal
rules for where dots were clustered and in what kinds of configurations. In any
event, they used these representations when classifying new patterns.

This work lends credence to the idea that we form and use prototypes in
our everyday perception. And the effects are not simply a function of artificial
stimuli such as dot patterns. Cabeza, Bruce, Kato, and Oda (1999) showed a
similar “prototype effect” with photographs of faces altered by displacing fea-
tures (for example, eyebrows, eyes, nose, and mouth) up or down by a certain
number of pixels. Figure 3-19 shows examples of the stimuli used. Reporting
findings similar to those of Posner and Keele, Cabeza et al. found that research
participants were more likely to “recognize” prototype faces they had never ac-
tually seen before than to recognize other, less prototypical new faces.
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FIGURE 3-19 B Stimuli used in the studies by Cabeza et al. (1999, p. 141).

SOURCE: From “The Prototype Effect in Face Recognition: Extensions and Limits,” by Cabeza, R., Bruce, V., Kato, T.,
& Oda, M. (1999). Memory and Cognition, 27, p. 141. Reprinted by permission of the Psychonomic Society.

12
pixels
up

pixels
up

proto-
types

pixels
down

12
pixels
down

We will encounter the idea of prototypes again in Chapter 8, when we talk
about concepts and categorization. The challenge, then, is to figure out when
and how we form and use prototypes, what kind of processing is involved in
matching, and how we know what prototypes to try to match inputs with. Note
that many of these issues, including the number and origins of the stored
representations, also arose for template-matching models.
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B TOP-DOWN PROCESSES

All bottom-up models share a number of problems in explaining how viewers
“make meaning” of the stimuli they perceive. Two of the biggest problems are
context effects and expectation effects.

Consider the display in Figure 3-20. Notice that the second character of
both words is identical. Despite this, you probably read the two words as “they
bake,” perceiving the character in question unambiguously as an h the first
time and then, milliseconds later, as an a. The context surrounding the char-
acter, ¢ and ey the first time and b and ke the second time, obviously influ-
enced what you perceived. The context in which a pattern or object appears
apparently sets up certain expectations in the perceiver as to what objects will
oceur.

FIGURE 3-20 B An example of context effects in perception.
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Similar context effects have been demonstrated with perceivers looking to
identify objects in real-world scenes: Both accuracy and the length of time
needed to recognize objects vary with the context (Biederman, Glass, & Stacy,
1973; Palmer, 1975). For example, people recognize objects such as food or
utensils faster in a scene depicting a kitchen than they do in the same scene
jumbled up (see photos on the next page). These effects have led many psy-
chologists to argue that any model of perception must incorporate context and
expectations. We will look next at further demonstrations of the need to in-
clude top-down processes in theories and models of perception and pattern
recognition.

Top-down, or conceptually driven, processes, are those directed by expec-
tations derived from context or past learning or both. If someone were to tell
you a fly is in the room you are in right now, where would you look? Notice how
this looking would change if you were to look for a spider or a cockroach. Your
past experience with such creatures guides where you look first—whether to
the walls, the floor, or the ceiling. You can think of the processing you do when
you look for different insects as being top-down, in that your expectations and
knowledge guide where you look.

Top-down processes have to interact with bottom-up processes, of course.
Otherwise, you would never be able to perceive anything you were not expect-
ing, and you would always perceive what you expected to perceive—clearly not
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The context surrounding an object can make perceiving it easy or
hard. If we were to measure reaction time, we might find that it took
people longer to recognize the toaster in the photo above than to
recognize the same toaster in the photo below. The coherent kitchen
scene sets up a context that aids perception of objects we expect to see
in kitchens. The jumbled version of the scene destroys this context.

Nancy J. Ashmore

Nancy J. Ashmare
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true. A well-known example of a largely perceptual model incorporating both
bottom-up and top-down processes is that of David Marr (1982). Marr’s model
is quite technical and mathematically elegant, and the interested reader is
referred to his full description of it. For our purposes here, I offer a very brief
sketch.

Marr proposed that perception proceeds in terms of several different, special-
purpose computational mechanisms, such as a module to analyze color, another
to analyze motion, and so on. Each operates autonomously, without regard to the
input from or output to any other module, and without regard to real-world
knowledge. Thus they are bottom-up processes.

Marr believed that visual perception proceeds by constructing three differ-
ent mental representations, or sketches. The first, called a primal sketch,
depicts areas of relative brightness and darkness in a two-dimensional image as
well as localized geometric structure. This allows the viewer to detect bound-
aries between areas but not to “know” what the visual information “means.”

According to Gardner (1985),

The primal sketch consists of a set of blobs oriented in various directions; these
are reminiscent of the sorts of features discerned by Hubel and Wiesel's
detectors—contrasts, spatial extent, general orientation at a local level. All these
reductions and simplifications are conceived of as mental representations or
symbolic depictions of the “raw information” transmitted by the light: Percep-
tion consists of a series of such simplified sketches en route to a more veridical
view of the world. (p. 302)

Once a primal sketch is created, the viewer uses it to create a more com-
plex representation, called a 24-D (two-and-a-half-dimensional) sketch. Using
cues such as shading, texture, edges, and others, the viewer derives informa-
tion about what the surfaces are and how they are positioned in depth relative
to the viewer’s own vantage point at that moment.

Marr believed that both the primal sketch and the 2/4-D sketch rely almost
exclusively on bottom-up processes. Information from real-world knowledge or
specific expectations (that is, top-down knowledge) is incorporated when the
viewer constructs the final, 3-D sketch of the visual scene. This sketch involves
both recognition of what the objects are and understanding of the “meaning” of
the visual scene.

Marr’s theory is not the only one to incorporate top-down processes. Other
perceptual phenomena in which these processes seem to operate are percep-
tual learning, change blindness, and the word superiority effect, each of which
we will cover in turn.

But first, here’s another connection between the psychology of perception
and the world of fine arts: a look at the technique of impressionist painting, as
depicted in Figure 3-21. The artist, Paul Signac, created a painting using small
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FIGURE 3-21 B Paul Signac, The Dining Room. This painting is an example of top-
down processing in viewing fine art.

SOURCE: Bridgeman-Giraudon/Art Resource, NY.
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dabs of paint in a style known as pointillism. If you were to examine these dabs
up close, they would not be very meaningful. However, when you view the
whole painting from a reasonable distance, the little dabs somehow cohere into
a meaningful interpretation: two patrons having coffee. Top-down processing
allows this meaningful interpretation to emerge as we gaze at the painting!

Perceptual Learning

That perception changes with practice has been well documented (E. J. Gibson,
1969); this phenomenon is called perceptual learning. A classic study by J. J.
Gibson and E. ]J. Gibson (1955) illustrates this. Participants (both children and
adults) were first shown the card in the very center of Figure 3-22, by itself, for
about 5 seconds. Call this the original. Next, they were shown other cards,



Chapter 3 m Perceiving Objects and Recognizing Patterns

FIGURE 3-22 B Stimuli used by Gibson and Gibson (1955).
SOURCE: ]. ]. Gibson and E. J. Gibson (1955, p. 36).
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randomly mixed in with which were four copies of the original. Their task was
to identify any instances of the original in the deck. Participants received no
feedback, but after seeing all the cards, they were shown the original card again
for 5 seconds, then shown the full deck of cards in a new order. This procedure
continued until each person correctly identified all and only the four copies of
the original.

When Gibson and Gibson (1955) analyzed the errors participants made on
this task, they found that the errors were not random. Rather, the number of
errors seemed to depend most on the number of similarities a stimulus shared
with the original. Participants were more likely to falsely recognize a stimulus
that had the same number of coils and was oriented in the same direction as
the original than to falsely recognize a stimulus that only had the same number
of coils.

Over time, participants seemed to notice more about the figures, responding
to features of the stimuli they apparently had not noticed earlier. This
explanation accords with other, everyday examples of perceptual learning. Take
wine tasting as an example. Experienced wine tasters will tell you that one needs
much practice to really taste subtle differences. Novice wine tasters may be able
to distinguish (by taste!) between a red and a white wine or even between a
fruity and a dry white wine. Experts, by contrast, may be able to identify the
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Perceptual learning is demonstrated at American Kennel Club-licensed dog shows.
Here, the judge is examining all the Old English sheepdogs to determine which one
best approaches an ideal standard. It takes years of practice to develop an eye to
distinguish among dogs that, to the novice, might all look the same.

vineyard that bottled a wine in a particular year. Novices simply miss this
information—their taste buds may work exactly like those of experts, but some
information seems to be overlooked.

What exactly is going on? Apparently, perceptually practiced individuals
learn what aspects of the stimulus to attend to and try harder to consciously dis-
tinguish between different kinds of stimuli. With regard to top-down processes,
a perceiver's experience appears to help guide what aspects of the stimulus to
focus on, and also to facilitate the “pickup” of more information (Gauthier &
Tarr, 1997a, 1997b; Gauthier, Williams, Tarr, & Tanaka, 1998).

Change Blindness

A recent area of research in visual perception concerns a phenomenon
known as change blindness (Rensink, 2002). This is the inability to detect
changes to an object or scene, especially when given different views of that
object or scene, and it illustrates the top-down nature of perception quite
compellingly.

American, Kennel Club
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This phenomenon occurs outside the laboratory very frequently during the
viewing of movies. Simons and Levin (1997) give the following examples: In
the movie Ace Ventura: When Nature Calls, the pieces on a chess board disap-
pear completely from one shot to the next. In Goodfellas, a child is playing with
blocks that appear and disappear across shots. One inevitable consequence of
film production is the need to shoot scenes out of order, and often to shoot
components of the same scene at different times. As a result, unintentionally,
many details within a scene may change from one view to the next. Although
filmmakers go to considerable effort to eliminate such errors, almost every
movie—in fact, almost every cut—has some continuity mistake. Yet, most of
the time, people are blind to the changes (p. 264).

Simons and Levin (1997) provided a laboratory demonstration of this
phenomenon. They showed undergraduate participants a short film clip
depicting a young man sitting at a desk, then rising from the desk and answer-
ing a phone (see photos on next page). There was a camera cut during this
sequence. Even when viewers were warned ahead of time there would be
“continuity errors,” they could not easily detect a fairly significant change: The
actor first shown at the desk (photo A) is replaced by another actor, wearing
different clothes (photo C)! One explanation for these findings is that the
visual representations people make of a scene encode the “gist” of the
scene (the basic meaning) but usually not the specific details. Thus changes to
the scene that don't interrupt the “meaning” of the sequence don't call atten-
tion to themselves.

This implies that our visual percepts are not precise copies of our visual
world. But is this simply a function of viewing motion pictures? Simons and
Levin (1997), in a very clever study, conducted a “real-world” version of the
laboratory study. They describe it as follows:

Imagine that a person approaches you and asks for directions. Kindly, you
oblige and begin describing the route. While you are talking, two people inter-
rupt you rudely by carrying a door right between you and the person you were
talking to. Surely you would notice if the person you were talking to was then
replaced by a completely different person. (p. 266)

But in fact, only about 50% of their “participants” did. (The replacement was
achieved by having the second “interviewer” carry the back half of the door up
to the first interviewer and the participant; the first “interviewer” then changed
places with him, in a scene reminiscent of a Candid Camera segment.) The
change in person went undetected even though the two interviewers were of
different heights and builds, had noticeably different voices, had different hair-
cuts, and wore different clothing!

Interestingly, student participants were more likely to notice the change
than were older participants (the study was conducted on the Cornell
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Images not available due to copyright restrictions

University campus). But when the two interviewers donned construction
worker clothing, fewer than half the students noticed the change. Simons and
Levin (1997) speculated that participants encoded the status (including age or
profession) of the interviewer only for gist; students would pay more attention
to the interviewers when they looked like other students, but less when the in-
terviewers looked like construction workers.

The change blindness paradigm reinforces the idea that perception does
seem driven by expectations about meaning. Instead of keeping track of every
visual detail, we seem to represent the overall meaning of the scene. This may
help prevent our perceptual system from being overwhelmed by the sheer
amount of information available in any one glance or view.

Rensink (2002) has argued that to detect change, viewers must be focusing
on the stimulus. Aginsky and Tarr (2002) further argue that some aspects of
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scene perception, such as presence and position of objects, automatically at-
tract attention, whereas other aspects of a scene, such as color of objects, do
not. We will turn to the topic of focused attention and a phenomenon known
as inattentional blindness (Mack, 2003)—the inability to see what is directly
in front of us unless we are paying attention—in Chapter 4.

The Word Superiority Effect

A study by Reicher (1969) illustrates another top-down phenomenon—the
effects of context on perception in practiced perceivers. The basic task
was simple: Participants were asked to identify which of two letters (for
instance, D or K) was briefly presented on a screen. Later, they were pre-
sented with two alternatives for what the letter might have been, displayed
directly above the letter’s original position. Figure 3-23 depicts the experi-
mental procedure.

The experiment contained an interesting twist, however. Sometimes a sin-
gle letter was presented. At other times the letter appeared in the context of a
word (such as WORD or WORK; notice that either D or K forms a common
English word in combination with the same three letters). At still other times,
the letter was presented with three other letters in a combination that did not
form a word (OWRD or OWRK, for instance). In each case, the stimuli were
then masked, and the participant was asked merely to say which letter, D or K,
had been presented.

FIGURE 3-23 B Stimulus displays and procedures used by Reicher (1969).
SOURCE: Reicher (1969, p. 277).
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Surprisingly, participants could much more accurately identify letters pre-
sented in the context of words than the same letters presented alone or in
the context of nonwords. This result, called the word superiority effect or the
word advantage, has been replicated several times (Massaro, 1979). Letters are
apparently easier to perceive in a familiar context (a word) than in an unfamiliar
context or in no context at all. Theoretical explanations of this effect have been
debated (Massaro, 1979; Papp, Newsome, McDonald, & Schvaneveldt, 1982).
Not clear, for instance, is whether people detect more features in the letter
when it occurs in a word or whether people make inferences about—guess at—
the letter that would best complete the word. The point for our present pur-
poses is that, once again, context and perceptual experience (for instance, at
reading words) influence even as straightforward a task as perceiving a single
letter. This insight has led to detailed models of letter perception that incorpo-
rate context-guided—that is, top-down—processes with bottom-up processes
such as feature detection (McClelland & Rumelhart, 1981; Rumelhart &
McClelland, 1982).

Interestingly, however, letter detection seems to operate very differently in
a different context. When readers are asked to read a written text and cross
out all the occurrences of a certain letter (say, f's), they are very likely to miss
the fin words like of or for, but to catch the f’s in words like function or future,
a phenomenon known as the missing letter effect (Greenberg, Healy, Koriat,
& Kreiner, 2004). Presumably, as readers read connected text, they quickly
divide the words into content words (which carry meaning) and function
words (which structure the content words); they focus their attention more
on the moderately familiar content words and thus are likely to miss the let-
ters in the highly familiar function words. We will explore this idea more fully
in Chapter 10 when we discuss text processing. The point for now is that the
ability to detect letters is enhanced by word familiarity when words appear in
isolation, but inhibited by increased familiarity or role when a word appears in
real text.

A Connectionist Model of Word Perception

One of the detailed models is a connectionist model of letter and word per-
ception, presented by McClelland and Rumelhart (1981). Figure 3-24 illus-
trates some of the processing levels the model assumes. Note that the model
assumes that input—whether written (visual), spoken (acoustic), or of a higher
level, such as arising from the context or the observer's expectations—is
processed at several different levels, whether in terms of features, letters,
phonemes (sounds), or words. Notice, too, the many arrows in the diagram,
indicating the assumption that the different levels of processing feed into one
another. Each level of processing is assumed to form a representation of the
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FIGURE 3-24 B McClelland and Rumelhart’s (1981) model of letter perception.
SOURCE: McClelland and Rumelhart (1981, p. 378).
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information at a different level of abstraction, with features considered less ab-
stract than letters, and letters less abstract than words.

The model is presented in more detail in Figure 3-25. Each circle and oval
in this figure depicts a node of processing in the model. The model assumes a
different node for each distinct word, letter, and feature. Nodes have a certain
level of activity at any given point in time. When a node reaches a given level of
activity, we can say that its associated feature, letter, or word is perceived.

Note all the lines between nodes. These represent connections, which can
be either excitatory or inhibitory. When an excitatory connection links two
nodes, the two nodes suggest each other. Consider the nodes for the word
TRAP and the letter T, for example. Imagine seeing a stimulus such as __RAP
in a crossword puzzle in a family newspaper: four blanks, the last three of which
are filled in with R, A, and P. Wouldn't this suggest the word TRAP to you? If
s0, a connectionist would say your node for TRAP had been activated.

Once a node is activated, that activation spreads along that node’s excita-
tory connections to other nodes. If the TRAP node has an excitatory connec-
tion to the T node, then the T node will become more active when the TRAP
node becomes more active, and vice versa. Excitatory connections are repre-
sented in Figure 3-25 by arrows ending with points. The lines ending in dots in
Figure 3-25 indicate inhibitory connections, as in the line between the TRAP

89



90 Part Il m Basic Processes

FIGURE 3-25 B Nodes and connections in McClelland and Rumelhart’s (1981)
model of word perception.
SOURCE: McClelland and Rumelhart (1981, p. 380).
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node and the ABLE node. Thus if the TRAP node is active, the ABLE node be-
comes less active. If you perceive the word TRAP, you are less likely to perceive
the word ABLE at the same instant. The assumption is that you can perceive
only one word at any given instant.

More could be said about this model, but our focus here is on how a
connectionist model can be used to explain the word superiority effect. Why
might a letter be easier to perceive in the context of a word? According to
this model, perception of a word—that is, activation of the relevant node for
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the word—also activates the nodes corresponding to all the letters within the
word, thereby facilitating their perception. Without the word context, the
node for the individual letter is less active, so perception of the letter takes
longer.

A Neuroscientific Perspective on Word Perception

A very interesting study making use of PET technology also bears on the
perception of words. Petersen, Fox, Snyder, and Raichle (1990) presented
eight adults with four different kinds of stimuli: true English words; pseudo-
words, which follow the pronunciation rules of English but happen not to be
real words; letter strings that contain no vowels and hence are not pro-
nounceable; and false fonts that use the features of letters of the alphabet,
but never in the usual combinations. Examples of the stimuli used are shown
in Figure 3-26.

FIGURE 3-26 B Example of stimuli used in the PET scan study of processing words.
See text for explanation.
SOURCE: Posner and Raichle (1994, p. 79).

Words Pseudowords Letter Strings False Fonts
ANT GEEL VSFFHT Hd3
RAZOR (0]} TBBL J9dN
DUST RELD TSTFS Ja?H
FURNACE BLERCE JBTT Fran
MOTHER CHELDINABE STB HeAJdS
FARM ALDOBER FFPW LA&OH

Words and pseudowords produced different PET scans from those
produced when participants saw letter strings or false fonts. That is, different
brain areas were active when the different types of stimuli were shown. With
all four types of stimuli, the PET scan showed activity in the visual cortexes of
both hemispheres. With both pseudowords and real words, however, the PET
scans showed greater activity in the left than the right hemisphere and in re-
gions outside the primary visual cortex (see Figure 3-27). The authors argued
that this part of the brain is the part involved in semantic processing—that is,
processing of stimuli for meaning. This study lays the groundwork for further
work in creating a detailed “map” of the brain to understand further how vari-
ous cognitive processes are realized neurologically.
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Image not available due to copyright restrictions

B DIRECT PERCEPTION

The models of perception we have looked at so far all share a common assump-
tion. Recall that, as shown in Figure 3-1, the perceiver must acquire informa-
tion about a distal stimulus, presumably by interpreting the proximal stimuli
(retinal images, in the case of visual perception). The common assumption un-
derlying the models of perception we have examined (especially the top-down
models) is that the perceiver does something to the proximal stimulus. Presum-
ably, because the proximal stimulus doesn’t contain all the information we need
to identify the object (for instance, because retinal images are two-dimensional
instead of three-dimensional or because objects might be blurred or blocked by
other objects), we, as observers, must use our knowledge to fill in gaps.

To put it more simply, these models describe the act of perception as the
construction of mental representations of objects. From the information we are
perceiving, we somehow construct a depiction that may or may not physically
resemble the object or event being perceived but that our cognitive and physi-
ological processes can recognize as corresponding to the information per-
ceived. We use both the information in the proximal stimulus and information
from our long-term memory to construct these mental representations.
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This idea is called the constructivist approach to perception
(Hochberg, 1978), for obvious reasons. It describes people as adding to and
distorting the information in the proximal stimulus to obtain a percept, a mean-
ingful interpretation of incoming information. People are not seen as passively
taking in all the available information; instead, they are seen as active selectors,
integrators, and constructors of information.

James Gibson and his followers (J. Gibson, 1979; Michaels & Carello,
1981) adopted an opposite stance. Gibson rejected the idea that perceivers
construct mental representations from memories of past encounters with
similar objects and events. Instead, Gibson believed that the perceiver does
very little work, mainly because the world offers so much information, leav-
ing little need to construct representations and draw inferences. He pro-
posed that perception consists of the direct acquisition of information from
the environment.

According to this view, called direct perception, the light hitting the
retina contains highly organized information that requires little or no interpre-
tation. In the world we live in, certain aspects of stimuli remain invariant (or
unchanging), despite changes over time or in our physical relationship to them.
You may already be familiar with the idea of invariance. For example, consider
a melody played on a piano in the key of C. Now, imagine that same melody
transposed to the key of G. Although all the individual notes in the melody
have been changed, the melody is still easily recognized. If sufficient time
lapses between renditions, many listeners may not even recognize the key
change. The elements (notes) have changed, but the relationships between the
notes have remained constant, or invariant.

A visual example of perceptual invariance was demonstrated in a study by
Johansson (1973). Researchers attached lightbulbs to the shoulders, elbows,
wrists, hips, knees, and ankles of a model who wore black clothing and was
photographed in the dark so only the lights could be seen (see Figure 3-28).
Participants who were shown a still photograph of the model reported seeing
only a random group of lights. Participants who saw a videotape of the model
engaged in familiar activities—walking, dancing, climbing, and so forth—
immediately recognized a person carrying out a particular activity. Later work
(Koslowski & Cutting, 1977) even showed that observers could distinguish be-
tween a male and a female model, just by the movement of the lights! Appar-
ently, the motion of the lightbulbs relative to one another gave an observer
enough information to perceive a human being in motion. Note that in this
example the observer did not see the person’s shape or any individual features
such as hair, eyes, hands, or feet. If a human form can be quickly recognized
under these limited viewing conditions, imagine how much more information
is available under normal circumstances.
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FIGURE 3-28 B A depiction of Johansson’s (1973) experimental stimuli.
SOURCE: Johansson (1973, p. 202).
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J. J. Gibson (1950) became convinced that patterns of motion provide a
great deal of information to the perceiver. His work with selecting and training
pilots in World War II led him to thinking about the information available to
pilots as they landed their planes. He developed the idea of optic flow, depicted
in Figure 3-29 as the visual array presented to a pilot approaching a runway for
landing. The arrows represent perceived movement—that is, the apparent
movement of the ground, clouds, and other objects relative to the pilot. There
is a texture to this motion: Nearer things appear to move faster than things
farther away, and the direction in which an object seems to move depends on
the angle of the plane’s movement in relation to it. The pilot can use all this
information to navigate the plane to the runway.

Turvey, Shaw, Reed, and Mace (1981) argued that whereas non-Gibsonian
models of perception try to explain how people come to perceptual beliefs
and judgments, Gibson tried to explain how people “adjust,” physically and
otherwise, to the environment. For Gibson, the central question of perception
is not how we look at and interpret a stimulus array but rather how we see
and navigate among real things in the world. Why don’t we normally walk
into walls, for instance, or flinch from a perceived impending collision with
walls?

An important idea in Gibson’s theory is that the information available to an
organism exists not merely in the environment but in an animal-environment
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FIGURE 3-29 B A depiction of optic flow.
SOURCE: . ]. Gibson (1950, p. 121).

ecosystem (Michaels & Carello, 1981). As animals move about, they continu-
ously experience their environments. Different biological organisms have
different perceptual experiences because (among other things) different
organisms have different environments, different relationships to their environ-
ments, or both. Organisms directly perceive not only shapes and whole objects
but also each object’s affordances—the “acts or behaviors permitted by ob-
jects, places, and events” (Michaels & Carello, 1981, p. 42)—in other words,
the things offered by the environment to the organism. Thus for human beings,
chairs afford sitting, a handle or knob affords grasping, a glass window affords
looking through. J. J. Gibson (1979) claimed that affordances of an object are
also directly perceived; that is, we “see” that a chair is for sitting just as easily as
we “see” that a chair is 2 feet away or made of wood.

According to Gibson, then, we avoid crashing into walls and closed doors
because such surfaces do not afford passing through, and we perceive this as
we move toward them. We sit on chairs or tables or floors but not on top of
bodies of water, because the former afford sitting, whereas the latter do not. By
virtue of our activity with and around different objects, we pick up on these
affordances and act accordingly. Perception and action, for Gibson, are inti-
mately bound.
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Gibsonian theory has been both staunchly admired and sharply criticized.
Fodor and Pylyshyn (1981), for example, argued that Gibson’s proposals, while
intriguing, are not well defined. Without sharp definitions of what an affor-
dance is, they argued, the theory is not helpful in explaining perception. They
charged that Gibson failed to specify just what kinds of things are invariant and
what kinds are not. Without this specification, the following kinds of circular
explanations can result: How do people perceive that something is a shoe?
There is a certain (invariant) property that all and only shoes have—namely,
the property of being a shoe. Perceiving that something is a shoe consists in the
pickup of this property (Fodor & Pylyshyn, 1981, p. 142).

How much of a challenge do Gibsonian views pose to constructivist views
of perception? Put another way, can constructivist and direct perception views
be reconciled? Cognitive psychologists have not yet resolved the issue. One
proposal tried to incorporate aspects of both approaches. Neisser (1976) de-
scribed what he called the perceptual cycle, depicted in Figure 3-30. In this
model, cognitive structures called schemata (singular: schema), derived from
the knowledge base and containing expectations derived from context, guide
the perceiver to explore the environment in particular ways. The environment,
in turn, supplies certain information that confirms some expectations but not
others. This helps the perceiver modify her expectations and, perhaps, bring
other schemata to bear in the next cycle of perception. We will discuss the idea
of schemata in much greater depth in Chapter 7. For the present, note that
Neisser's model again assumes an active perceiver.

However the debate between supporters and critics of Gibson is resolved,
he has reminded everyone in cognitive psychology of the need to pay attention
to the way cognition operates outside the laboratory and of the relationship
between the way information is processed and the goals and needs of the
organism doing the processing. We will return to these themes throughout the

book.

FIGURE 3-30 B Neisser’s (1976) perceptual cycle.
SOURCE: Adapted from Neisser (1976, p. 21).
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B DISRUPTIONS OF PERCEPTION:
VISUAL AGNOSIAS

Earlier, I said that perception is a process by which we attach meaning to sensory
information we receive. That definition distinguishes between sensation (for ex-
ample, vision, hearing, olfaction), or the receiving of sensory information, and
another process, perception, which makes sense of that sensory information.
One of the best illustrations that sensation and perception are distinct
processes comes from cognitive neuropsychological work on visual agnosias,
impairments in the ability to interpret (although seeing) visual information
(Banich, 1997). For example, consider Figure 3-31, from a case study reported
by Rubens and Benson (1971). This figure shows drawings shown to a patient

FIGURE 3-31 B Four drawings and the copies made by the associative agnosic
patient studied by Rubens and Benson (1971). Despite being able to see the
drawings well enough to copy them, the patient was unable to recognize them.
SOURCE: Rubens and Benson (1971, p. 310).
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and his reproduction of them. As you can see, this patient saw the drawings
clearly, and his renditions of each drawing reproduce several details. But this
same patient could not correctly name any of the objects he saw and drew, say-
ing of the pig that it “could be a dog or any other animal,” and of the bird that it
“could be a beech stump” (p. 310). Patients suffering from visual agnosia do not
simply have a language problem, because they are similarly unable to use non-
verbal means of recognizing familiar objects (such as pantomiming their usual
uses). Nor do they have a memory problem, because they can tell you what a pig
or a key is. Instead, the problem seems to lie in understanding what the visual
pattern or object presented to them is (Farah, 1990). The deficit seems modal-
ity specific: Patients with visual agnosia can’t recognize objects by sight but may
be able to recognize them by sound, or touch, or smell. Put in our earlier terms,
the problem seems to lie in creating a percept from the proximal stimulus.

Researchers classify visual agnosias into different types. The first is called
apperceptive agnosia. Patients with this disorder seem able to process a very
limited amount of visual information. They can see the contours, or outlines, of
a drawing or object but have a very difficult time matching one object to an-
other or categorizing objects. Some cannot name objects at all, and at least one
has been reported to be unable to distinguish printed X’s from O’s (Banich,
1997). Other patients can do this much processing but have trouble recogniz-
ing line drawings when some parts of the outlines are missing, such as the
drawing of a chair shown in Figure 3-32(A), or recognizing objects shown in an
unusual orientation, as in the drawing of the chair as viewed from the top in
Figure 3-32(B).

FIGURE 3-32 B Examples of how contour information influences recognition in
persons with apperceptive agnosia. (A) Patients with apperceptive agnosia have
difficulty recognizing this object as a chair because they cannot interpolate the
missing contours. (B) Patients with apperceptive agnosia would have difficulty
recognizing the chair when it is viewed from this unusual angle.
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A second kind of agnosia is called associative agnosia. Patients with this
deficit can match objects or drawings and copy drawings, but they tend to do
so very slowly and very, very carefully, almost point by point (Banich, 1997), in-
stead of using the more typical technique of drawing the big features first and
then filling in details. Associative agnosic patients may also become distracted
by small details, such as an extra dot or stray line on a drawing. Associative ag-
nosic patients cannot readily name the objects they have seen and drawn.

The two different types of visual agnosia seem associated with injury to two
different areas of the brain. Apperceptive agnosia is typically associated with one
hemisphere, or one side of the brain, the right, as shown in Figure 3-33(A).
Associative agnosia is correlated with bilateral damage to a particular region of
the brain (that is, in both cerebral hemispheres), as shown in Figure 3-33(B).

Yet another kind of visual agnosia, called prosopagnosia, is a very specific
visual agnosia for faces (Farah, 1990). Prosopagnosic patients, who typically
suffer from damage to a particular region in the right hemisphere (possibly
with some left hemisphere involvement as well) may have intact object recog-
nition abilities but may be unable to recognize faces of their family members or

FIGURE 3-33 B The regions of the brain typically damaged in apperceptive and
associative agnosia. (A) In apperceptive agnosia, damage is usually restricted to
posterior sections of the right hemisphere. (B) In associative agnosia, the damage
tends to be bilateral at the occipitotemporal border. Relative to the lesion in
apperceptive agnosia, the typical lesion in associative agnosia is more ventral.
SOURCE: Reprinted with permission from Banich (1997, p. 175).
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political leaders or even photographs of their own faces. They can see details—
a nose, an eyebrow, a mole—but can’t seem to put the visual details together
into a coherent percept. A book by Oliver Sacks (1985) gives vivid details of
cases of prosopagnosia.

Visual agnosias are not the only kind of neurological deficit relevant to the
cognitive processes of perception and pattern recognition. Another well-known
impairment, known as unilateral neglect (sometimes also called hemineglect),
comes about as a result of damage to the parietal cortex and causes the patient
to virtually ignore stimuli on the opposite side (Mozer, 2002). For example,
patients with right-hemisphere parietal damage may fail to wash the left side of
their body, comb the hair on the left side of their face, or respond to stimuli
that originate on the left side of the body.

This very brief review of neurological deficits in perception shows there is
more to perception than simply receiving information. Seeing, whether or not
it is believing, is certainly not perceiving!

4 SUMMARY
_

Researchers have proposed a number of distinct approaches to the study of perception.
Despite differences in the theoretical assumptions made and the experimental meth-
ods used in each approach, researchers agree on at least two general principles, shown
as points 1 and 2 in the following list.

1. Perception is more than the sum of static, individual sensory inputs. Perception
clearly involves some integration and, perhaps, some interpretation of the
sensations we receive. Perception is not a matter of simply taking in information
from the world and creating from it a duplicate internal representation.

2. Perception sometimes involves “seeing” things that are not there (as in the case of
subjective contours) or distorting things that are (as in the case of other context
effects). Perception involves both bottom-up processes, which combine small bits
of information obtained from the environment into larger pieces, and top-down
processes, which are guided by the perceiver’s expectations and theories about
what the stimulus is.

3. One important perceptual task is the segregation of the figure from the
background. Gestalt psychologists offered many principles of how we accomplish
this task, including the principles of proximity, similarity, good continuation,
closure, and common fate. All of them follow the law of Prignanz, which states
that of all the possible interpretations a perceiver could make of a stimulus, he or
she will select the one that yields the simplest, most stable form.

4. Various bottom-up models of perception include template matching, which holds
that patterns are recognized when perceivers match them to stored mental
representations; prototype matching, which posits that the stored mental
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representations are not exact copies of stimuli but rather idealizations; and
featural analysis, which holds that we first recognize features or components of
patterns and objects and then put information about those components together
to form an integrated interpretation.

5. Top-down models of perception incorporate perceivers’ expectations into the
model of how we interpret sensory information. Recent work on change blindness
suggests that people process everyday visual information only to the level of gist,
glossing over many details. Research on the word superiority effect demonstrates
that context changes our perception of stimuli.

6. The connectionist model of letter perception illustrates just how complex the task
of recognizing single letters (all typewritten in a single, simple font) can be.

7. Perception involves a great deal of activity on the part of the perceiver. We do
more than simply record the visual world around us; we are not cameras. In both
the constructivist and the direct-perception approaches to perception, perception
is assumed to be the result of activity, either mental or physical. We navigate the
world, gathering information as we go, seeking more information about objects of
interest as a matter of course. Any theory of perception must ultimately take into
account our own activity in our everyday perception.

8. Disruptions of perception (as in visual agnosias, including prosopagnosia)
involve not understanding or recognizing what is seen. Apperceptive agnosias
involve intact recognition of contours but an inability to recognize what the
object is. Associative agnosics can (sometimes, slowly) recognize the identity
of objects but focus intently on small details. Prosopagnosia is an inability to
recognize faces, either of relatives, famous people, or even one’s own reflection
or photograph.

The topic of perception is fundamental to the study of cognition and relates to
many topics discussed later in this book. Perception relates directly to attention, for
example—the subject of Chapter 4—in that often our level of attention affects
whether or not we perceive and remember something. When we talk about imagery,
in Chapter 9, we will look again at how people process visual information. Moreover,
what is perceived often constrains what else the perceiver can do with the informa-
tion, in terms of recording and storing it, thinking about it, and drawing infer-
ences from it. We will thus continue to encounter perceptual issues in the chapters

ahead.

. ReviEw QUESTIONS

1. Describe the differences in assumptions about perception made by researchers
working in (a) the traditional information-processing paradigm, (b) the
connectionist paradigm, and (c) the Gibsonian ecological paradigm.
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2. Describe two of the Gestalt laws of perceptual organization, illustrating each with

a specific example.

3. Distinguish between bottom-up and top-down perceptual processes.

4. In what ways are featural analysis and prototype-matching models an

improvement over template-matching models? In what ways are they not?

5. Evaluate the fit between Gestalt theories of perceptual organization and

Biederman’s geon theory.

6. Describe some real-life examples of context effects in perception.

7. Consider McClelland and Rumelhart’s connectionist model of letter perception.

How might a Gestalt psychologist regard this model, and what would he or she see

as the model’s strengths and weaknesses? How might a cognitive

neuropsychologist regard this model, and what would he or she see as its strengths

and weaknesses?

8. Discuss the following: “Part of the reason that J. J. Gibson’s supporters and

detractors have such spirited debates is that they are talking past each other.

Gibson doesn't just present a different model of perception—he redefines what

the task of perception is.”

9. What do the different visual agnosias tell us about perception? (Hard: What are
the limitations, both theoretical and empirical, of using case studies of brain-

damaged individuals to inform theories of “normal” cognitive functions?)

Key TErmMS

affordance
bottom-up process
change blindness
constructivist approach to
perception
context effects
direct perception
distal stimulus
feature
form perception
geon

Gestalt principles of per-
ceptual organization

Pandemonium model

pattern recognition

percept

perception

perceptual learning

phoneme

prosopagnosia

prototype

proximal stimulus

Coglab DEmMONSTRATIONS

retina

retinal image

schema

size constancy
subjective contours
template

top-down process
visual agnosia

visual search task
word superiority effect

To check your knowledge of the key concepts in this chapter, take the chapter
quiz at http://www.thomsonedu.com/psychology/galotti. Also explore the hot
links that provide more information.
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If you have access to Cogl.ab, a web-based set of demonstrations in cogni-
tive psychology, you may want to try the Apparent Motion demonstration,
which will give you some experience of your own perception being at odds with
what is actually presented in the distal stimulus. The Word Superiority
demonstration presents an experiment quite like the one described in the text,
so you can experience the phenomenon firsthand.

@ WEB RESOURCES

Visit our website. Go to http://www.thomsonedu.com/psychology/galotti,
where you will find online resources directly linked to your book, including
quizzes, flashcards, crossword puzzles, and glossaries.
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Paying Attention

Consider the task of driving a car. Besides
involving many physical skills—such as
steering, braking, and shifting if you're
driving a car with a manual transmission—
driving also involves many cognitive
processes. Perception is obviously one of
them: You need to quickly recognize
relevant objects, such as stop signs, pedes-
trians, or oncoming cars. Driving also
requires mental effort or concentration—
what cognitive psychologists call attention.
The amount of attention required at any
given time depends partly on the complex-
ity of the situation around you: Driving on
wide side streets with no traffic is usually
easier than driving during rush hour on
crowded freeways. Your level of concentra-
tion also depends on your level of exper-
tise at driving (Crundall, Underwood, &
Chapman, 2002).

Recall your first driving experiences.
Most people behind the wheel of a car for
the first time wear a look of extreme
concentration. Gripping the wheel tightly,
eyes darting at the street or parking lot
ahead, the novice driver has great diffi-
culty carrying on a conversation, tuning
the car radio to a favorite station, or eating
a hamburger. Six months later, given both
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enough driving experience and normal conditions, the same driver may well be
able to converse, fiddle with knobs, eat, and drive, all at the same time.

Cognitive psychologists studying attention are concerned primarily with
cognitive resources and their limitations. At any given time, they believe, peo-
ple have only a certain amount of mental energy to devote to all the possible
tasks and all the incoming information confronting them. If they devote some
portion of those resources to one task, less is available for others. The more
complex and unfamiliar the task, the more mental resources must be allocated
to that task to perform it successfully.

Consider again the example of driving. The novice driver faces a compli-
cated task indeed. She must learn to operate many mechanisms: gas pedal,
brake, gear shift, clutch, lights, high-beam switch, turn signal, and so on. At
the same time, while the car is in motion, the driver must scan ahead to see
what is in front of the car (the road, trees, brick walls, and the like) and should
also occasionally check the speedometer and the rearview mirrors. That's a lot
to master, and, not surprisingly, it presents such a complicated set of demands
that few cognitive resources are left for other kinds of cognitive tasks—talking,
tuning the radio, fishing out a stick of gum from a purse or backpack, applying
makeup.

However, with practice, the driver knows exactly where all the mecha-
nisms are and how to operate them. An experienced driver can “find” the
brake pedal with little effort, for example. The practiced driver has learned
how to operate the car, scan the road, and check relevant instruments, all
more or less simultaneously. With many more cognitive resources available to
devote to other tasks, experienced drivers do all sorts of other things while
they drive—listen to the radio, talk on car phones, plan their day, rehearse
speeches, and so on.

Anyone who has to operate complicated equipment or monitor many in-
struments simultaneously faces similar challenges. Air traffic controllers, com-
mercial pilots, and medical personnel working in hospital intensive-care wards
or emergency rooms must all process a great deal of information from different
monitors and instruments—much of it arriving simultaneously—and respond
quickly and appropriately. Mistakes in any of these jobs can be costly. The fol-
lowing example, quoted in a study of the design of auditory warning sounds in
airplane cockpits (Patterson, 1990), illustrates how too much incoming infor-
mation can lead to a breakdown in task performance.

[ was flying in a Jetstream at night when my peaceful reverie was shattered by
the stall audio warning, the stick shaker, and several warning lights. The effect
was exactly what was not intended; I was frightened numb for several seconds
and drawn off instruments trying to work out how to cancel the audio/visual
assault rather than taking what should be instinctive actions. The combined
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assault is so loud and bright that it is impossible to talk to the other crew mem-
bers, and action is invariably taken to cancel the cacophony before getting on
with the actual problem. (p. 485)

Clearly, people who design equipment and instruments should know how
people process large amounts of information and how much information
we can process at one time. System designers often consult human factors
psychologists, who study just these sorts of issues (Wickens, 1987).

My goal in this chapter is to explain what is going on, cognitively speaking,
in the preceding examples. More specifically, we will examine the issue of
mental resources and how they are assigned to various cognitive tasks. We'll
first explore the notion of mental concentration. In particular, I will try to
explain what “paying attention” to someone or something means. You will see
that at least part of “paying attention” is concentrating—shutting out other
activities or information to devote more mental resources to the object on
which you want to focus.

We will next take a look at what some recent work in cognitive neuropsy-
chology tells us about brain mechanisms involved when people “pay atten-
tion.” We will see that particular areas of the brain seem to become active
when we pay attention or refocus our attention, and that information that is

L. Lefkowitz/Getty Images

An operator working with this instrument panel has a great deal of information to

monitor simultaneously.
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attended to elicits different responses in the brain from that elicited by unat-
tended information.

We'll also examine how a person’s concentration level changes with prac-
tice. For many tasks, extensive practice can result in the task’s becoming
so easy and effortless that performing it requires little attention. When this
happens, performance is said to be automatic. This can mean, among other
things, that attention is freed up for a person to do another task simultaneously
with the automatic one. This topic, known as divided attention, has also cap-
tured the interest of cognitive psychologists, and will be explored toward the
end of this chapter. Finally, we will examine some recent proposals about the
relationship between attention and automatic processing.

Like many topics in psychology, attention captured the interest of William
James in the late 1800s. James (1890/1983) anticipated the recent writings of
investigators studying attention when he argued that only one system or
process of conception can go on at a time very easily; to do two or more things
at once, he believed, required that the processes be habitual. James’s
(1890/1983) description of attention, as clear today as it was a hundred years
ago, ably sums up the phenomenon psychologists study when they investigate
attention:

Everyone knows what attention is. It is the taking possession by the mind, in
clear and vivid form, of one out of what seem several simultaneously possible
objects or trains of thought. Focalization, concentration, of consciousness are of
its essence. It implies withdrawal from some things in order to deal effectively
with others, and is a condition which has a real opposite in the confused, dazed,
scatterbrained state which in French is called distraction and Zerstreutheit in
German. (pp. 381-382)

B SELECTIVE ATTENTION

The term selective attention refers to the fact that we usually focus our at-
tention on one or a few tasks or events rather than on many. To say we mentally
focus our resources implies that we shut out (or at least process less informa-
tion from) other, competing tasks. As attention researcher Hal Pashler (1998)
puts it, “At any given moment, [people’s] awareness encompasses only a tiny
proportion of the stimuli impinging on their sensory systems” (p. 2).

Do your intuitions agree? Try this experiment. Stop and reflect: Can you
hear noises in your environment? Probably, some or all of those noises were
there just a second ago, when you read the preceding paragraph. But you
weren't paying attention to those noises—they weren't “getting through.” Ditto
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for other stimuli—can you feel your clothes or wristwatch or jewelry against
your skin when you direct your attention to them? Probably, although you
weren't aware of them a second ago. Presumably we process information dif-
ferently depending on whether or not we have been actively focusing on a
stimulus or not.

How do cognitive psychologists study what information people process
about things to which they are not paying attention? If you think about it, this
is a tough challenge: How do you present people with information while mak-
ing sure they do not pay attention to it? Simply instructing them to not pay at-
tention is almost guaranteed to have the opposite effect. (Try this: For the next
25 seconds, pay no attention to the feelings in your fingers.)

It turns out that a solution is well known to cognitive psychologists. De-
picted in Figure 4-1, it is known as the dichotic listening task. It works like
this: A person listens to an audiotape over a set of headphones. On the tape are
different messages, recorded so as to be heard simultaneously in opposite ears.
Participants in a dichotic listening task typically are played two or more different
messages (often texts borrowed from literature, newspaper stories, or speeches)
and asked to “shadow”—that is, to repeat aloud—one of them. Information is
typically presented at a rapid rate (150 words per minute), so the shadowing
task is demanding. At the end of the task, participants are asked what infor-
mation they remember from either message—the attended message or the
unattended message. (Sometimes the tapes are recorded so that both messages
are heard in both ears—called binaural presentation—and some researchers
have used it in addition to dichotic listening tasks.)

FIGURE 4-1 B Depiction of a dichotic listening task. The listener hears two messages

and is asked to repeat (“shadow”) one of them.

Many linguists make a
distinction between the

At long last they came to
logical form . . .

a fork in the road . . .

The logic of this experimental setup is as follows: The person must con-
centrate on the message to be shadowed. Because the rate of presentation of
information is so fast, the shadowing task is difficult and requires a great deal
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of mental resources. Therefore, fewer resources are available to process infor-
mation from the nonshadowed, nonattended message.

Cherry (1953) demonstrated in a classic study that people can, with few
errors, shadow a message spoken at a normal to rapid rate. When researchers
later questioned these participants about the material in the unattended mes-
sage, they could nearly always report accurately whether the message con-
tained speech or noise and, if speech, whether the voice was that of a man or
a woman. When the unattended message consisted of speech played back-
ward, some participants reported noticing that some aspect of the message,
which they assumed to be normal speech, was vaguely odd.

Participants could not recall the content of the unattended message or the
language in which it was spoken. In one variation of the procedure, the lan-
guage of the unattended message was changed from English to German, but
participants apparently did not notice the switch. Participants in another ex-
periment (Moray, 1959) heard prose in the attended message and a short list of
simple words in the unattended message. They failed to recognize the occur-
rence of most words in the unattended message, even though the list had been
repeated 35 times!

Filter Theory

To explain these findings, Broadbent (1958) proposed a filter theory of atten-
tion, which states that there are limits on how much information a person can at-
tended to at any given time. Therefore, if the amount of information available at
any given time exceeds capacity, the person uses an attentional filter to let some
information through and block the rest. The filter (see Figure 4-2) is based on
some physical (in this particular example, basic acoustic) aspect of the attended
message: the location of its source or its typical pitch or loudness, for instance.
Only material that gets past the filter can be analyzed later for meaning.

FIGURE 4-2 B Depiction of a filter model of attention. Different incoming messages,
shown as arrows, all arrive at the same time. The filter (black line) blocks all but
message 2, which goes on for more cognitive processing.

Incoming messages
6 7 etc.

1 2 3 4 5
l l l l l l Early processing

Filter

Later processing
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This theory explains why so little of the meaning of the unattended message
can be recalled: The meaning from an unattended message is simply not
processed. Put another way, Broadbent’s filter theory maintains that the atten-
tional filter is set to make a selection of what message to process early in the
processing, typically before the meaning of the message is identified (Pashler,
1998).

Does this mean that people can never pay attention to two messages at once?
Broadbent (1958) thought not, believing instead that what is limited is the
amount of information we can process at any given time. Two messages that con-
tain little information, or that present information slowly, can be processed si-
multaneously. For example, a participant may be able to attend simultaneously to
more than one message if one repeats the same word over and over again, be-
cause it would contain little information. In contrast, messages that present a
great deal of information quickly take up more mental capacity; fewer of them
can be attended to at once. The filter thus protects us from “information over-
load” by shutting out messages when we hear too much information to process
all at once.

Other investigators soon reported results that contradicted filter theory.
Moray (1959) discovered one of the most famous, called the “cocktail party
effect”: Shadowing performance is disrupted when one’s own name is embed-
ded in either the attended or the unattended message. Moreover, the person
hears and remembers hearing his name. You may have had a similar experience
at a crowded social gathering: While engaged in conversation with one or more
people, you hear someone behind you say your name. Until your name was
spoken, you “heard” nothing that speaker was saying, but the sound of your
name seemed to reach out and grab your attention.

Why does the cocktail party effect pose a problem for filter theory? Filter the-
ory predicts that all unattended messages will be filtered out—that is, not
processed for recognition or meaning—which is why participants in dichotic lis-
tening tasks can recall little information about such messages. The cocktail party
effect shows something completely different: People sometimes do hear their
own name in an unattended message or conversation, and hearing their name will
cause them to switch their attention to the previously unattended message

Moray (1959) concluded that only “important” material can penetrate the
filter set up to block unattended messages. Presumably, messages such as
those containing a person’s name are important enough to get through the fil-
ter and be analyzed for meaning. Left unexplained, then, is how the filter
“knows” which messages are important enough to let pass.

Note that participants did not always hear their name in the unattended
channel: When not cued in advance to be vigilant, only 33% of the participants
ever noticed their names (Pashler, 1998). Thus an alternative explanation for
the name recognition finding is that the shadowing task does not always take
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100% of one’s attention. Therefore, attention occasionally lapses and shifts to
the unattended message. During these lapses, name recognition occurs.
Treisman (1960) discovered a phenomenon that argues against this alterna-
tive interpretation of the cocktail party effect. She played participants two mes-
sages, each presented to a different ear, and asked the participants to shadow
one of them. At a certain point in the middle of the messages, the content of
the first message and the second message was switched so that the second
continued the first and vice versa (see Figure 4-3). Immediately after the
two messages “switched ears,” many participants repeated one or two words
from the “unattended ear.” In the example shown, for instance, a participant
shadowing message 1 might say, “At long last they came to a fork in the road
but did not know which way to go. The trees on the left side of refers to the
relationships . . . ,” with the italicized words following the meaning of the first
part of message 1 but coming from the unattended channel (because they come
after the switch point). If participants processed the unattended message only
when their attentional filter “lapsed,” it would be very difficult to explain why
these lapses always occurred at the point when the messages switched ears.

FIGURE 4-3 B Depiction of Treisman’s (1960) experimental paradigm. The two
messages “switch ears” at the point indicated by the slash mark.

Many linguists make a
distinction between the
logical form of a sentence
and its deep structure.
The former / side of the
road seemed to be filled
with singing birds; the
path itself looked smooth
and inviting.

At long last they came to
a fork in the road but did
not know which way to go.
The trees on the left / term
refers to the relationships
among the logical subject
and object; the latter to

what is called “meaning.”

To explain this result, Treisman reasoned that participants must be basing their
selection of which message to attend to at least in part on the meaning of the mes-
sage—a possibility that filter theory does not allow for. Interestingly, most partici-
pants had no idea that the passages had been switched or that they had repeated
words from the “wrong ear.” Again, this poses a problem for filter theory, which
would predict that information from the unattended channel would be shut out.

m
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The issue of whether information from the unattended channel can be rec-
ognized was taken up by Wood and Cowan (1995). In one experiment, they
had 168 undergraduate participants perform a dichotic listening task. Two of
the groups shadowed an excerpt from the Grapes of Wrath (read very quickly,
at a rate of 175 words per minute) in the attended channel (always presented
to the right ear) and were also presented with an excerpt from 2001: A Space
Odyssey in the unattended channel, always presented to the left ear. Five min-
utes into the task, the speech in the unattended channel switched to backward
speech for 30 seconds. Previous experiments had established that under these
conditions, roughly half of the participants would notice the switch and half
would not. The two groups differed only in how long the “normal” speech was
presented after the backward speech: two and a half minutes for one group;
one and a half minutes for the other. A third, control group of participants
heard an unattended message with no backward speech.

Wood and Cowan (1995) first looked to see whether the people who no-
ticed the backward speech in the unattended message showed a disruption in
their shadowing of the attended message. In other words, if they processed in-
formation in the unattended message, did this processing have a cost to their
performance on the main task? The answer was a clear yes. Wood and Cowan
counted the percentage of errors made in shadowing and noted that the per-
centage rose to a peak during the 30 seconds of the backward-speech presen-
tation. The effect was especially dramatic for those people who reported
noticing the backward speech. Control participants, who were never presented
with backward speech, showed no rise in their shadowing errors, nor did most
of the participants who did not report noticing the backward speech.

What caused the shift in attention to the backward speech? Did the partic-
ipants (or even some of them) switch their attention back and forth between
the two messages periodically? Or did the backward speech cause the atten-
tional filter to be reset automatically (that is, without awareness, intention, or
effort)? To address these questions, Wood and Cowan (1995) analyzed shad-
owing errors by 5-second intervals for the 30 seconds preceding, during, and
following the backward-speech segment (for the groups who were presented
with backward speech). These findings, presented in Figure 4-4, show that
control participants and participants who did not notice the backward speech
made no more errors over the time studied. However, participants who did re-
port hearing backward speech made noticeably more errors, which peaked 10 to
20 seconds after the backward speech began.

Wood and Cowan (1995) concluded that the attentional shift to the unat-
tended message was unintentional and completed without awareness. They
based this conclusion on the facts that detection of the backward speech
interrupted and interfered with shadowing and that error rates peaked in a uni-
form time for all participants who noticed the backward speech. Put another
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FIGURE 4-4 B Mean percentage of errors in shadowing for each 5-second interval
within the 30-second periods immediately before, during, and after backward speech,
shown separately for participants who did and did not notice the backward speech.
A = control condition; B = backward speech during the first half of the 6th minute;
C = same as B but ending after 6 minutes rather than 8.5 minutes. BKWD =
backward.

SOURCE: Wood and Cowan (1995, p. 253).
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way, Wood and Cowan believed that the participants who noticed the back-
ward speech had their attention “captured” by the backward speech, which led
to poorer performance on the main shadowing task.

Indeed, Conway, Cowan, and Bunting (2001) showed that research partici-
pants who detect their name in the unattended message are those who have a
lower working-memory span. (We'll talk about working memory in the next
chapter. For now, you can think of it as the memory “space” or capacity a person
has for keeping things in immediate mind.) In fact, 20% of participants with
high working-memory spans detected their names in the unattended channel,
compared with 65% of participants with low working-memory spans. The au-
thors interpret this finding as follows: A lower working-memory capacity means
less ability to actively block the unattended message. In other words, people
with low working-memory spans are less able to focus.
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Attenuation Theory

Given her research findings, psychologist Anne Treisman (1960) proposed a
modified filter theory, one she called attenuation theory. Instead of consider-
ing unattended messages completely blocked before they could be processed for
meaning (as in filter theory), Treisman argued that their “volume” was “turned
down.” In other words, some meaningful information in unattended messages
might still be available, even if hard to recover. She explained this idea as follows.

Incoming messages are subjected to three kinds of analysis. In the first, the
message’s physical properties, such as pitch or loudness, are analyzed. The sec-
ond analysis is linguistic, a process of parsing the message into syllables and
words. The third kind of analysis is semantic, processing the meaning of the
message.

Some meaningful units (such as words or phrases) tend to be processed
quite easily. Words that have subjective importance (such as your name) or that
signal danger (“Fire!” “Watch out!”) have permanently lowered thresholds; that
is, they are recognizable even at low volumes. You might have noticed yourself
that it is hard to hear something whispered behind you, although you might
recognize your name in whatever is being whispered. Words or phrases with
permanently lowered thresholds require little mental effort by the hearer to be
recognized. Thus, according to Treisman’s theory, the participants in Moray’s
experiments heard their names because recognizing their names required little
mental effort.

Only a few words have permanently lowered thresholds. However, the con-
text of a word in a message can temporarily lower its threshold. If a person
hears “The dog chased the . . .,” the word cat is primed—that is, especially
ready to be recognized. Even if the word cat were to occur in the unattended
channel, little effort would be needed to hear and process it. This explains why
people in Treisman’s experiment “switched ears™ Hearing the previous words
in a sentence primed the participants to detect and recognize the words that
followed, even when those words occurred in the unattended message.

Similarly, MacKay (1973) showed that the presence of a word in the unat-
tended message (for instance, river) helped to “disambiguate” (clarify) the
meaning of an ambiguous sentence in the attended message (for instance,
“They threw stones toward the bank yesterday”). The sample sentence is
ambiguous because the word bank could refer to the shores of a river or to a
financial institution. If the unattended message consisted of the word river,
however, the person would understand the sentence to be referring to the
shores of a river. To explain this result, we might assume that at least some
meaningful aspects of the unattended message are processed. Here, as we saw
in Chapter 3, perceiving and attending to information we are expecting is
easier than perceiving and attending to unexpected information.
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Pashler (1998), however, noted that the effect reported by MacKay (1973)
is greatly diminished if the message on the unattended channel consists of a
series of words instead of just one. This raises the possibility that if the unat-
tended message consists of one word only, the physical sound of that word
temporarily disrupts the attention being paid to the attended message, thus
perhaps briefly “resetting” the attentional filter.

According to Treisman (1964), people process only as much as is necessary
to separate the attended from the unattended message. If the two messages
differ in physical characteristics, then we process both messages only to this
level and easily reject the unattended message. If the two messages differ only
semantically, we process both through the level of meaning and select which
message to attend to based on this analysis. Processing for meaning takes more
effort, however, so we do this kind of analysis only when necessary. Messages
not attended to are not completely blocked but rather weakened in much the
way that turning down the volume weakens an audio signal from a stereo. Parts
of the message with permanently lowered thresholds (“significant” stimuli) can
still be recovered, even from an unattended message.

Note the contrasts here between attenuation theory and filter theory:
Attenuation theory allows for many different kinds of analyses of all messages,
whereas filter theory allows for only one. Filter theory holds that unattended
messages, once processed for physical characteristics, are discarded and fully
blocked; attenuation theory holds that unattended messages are weakened but
the information they contain is still available.

Late-Selection Theory

Broadbent’s (1958) filter theory holds that no information about the meaning of
an unattended message gets through the filter to be retained for future use.
Treisman’s (1964) attenuation theory allows for some information about mean-
ing getting through to conscious awareness. Deutsch and Deutsch (1963)
proposed a theory, called the late-selection theory, that goes even further.
Later elaborated and extended by Norman (1968), this theory holds that all
messages are routinely processed for at least some aspects of meaning—that
selection of which message to respond to thus happens “late” in processing.
How much processing occurs? At least the recognition of familiar objects or
stimuli. As Pashler (1998) described it, according to late-selection theory,

Recognition of familiar objects proceeds unselectively and without any capac-
ity limitations. One cannot voluntarily choose to identify or recognize some-
thing, according to these theorists. Whether there is just one sensory input or
many does not affect the extent to which stimuli are analyzed or the timing of
such analyses. (p. 17)
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Note that filter theory hypothesizes a bottleneck—a point at which the
processes a person can bring to bear on information are greatly limited—at the
filter. Late-selection theory also describes a bottleneck but locates it later in
the processing, after certain aspects of the meaning have been extracted. All
material is processed up to this point, and information judged to be most
“important” is elaborated more fully. This elaborated material is more likely to
be retained; unelaborated material is forgotten.

A message’s “importance” depends on many factors, including its context
and the personal significance of certain kinds of content (such as your name).
Also relevant is the observer’s level of alertness: At low levels of alertness (such
as when we are asleep), only very important messages (such as the sound of our
newborn’s cry) capture attention. At higher levels of alertness, less important
messages (such as the sound of a television program) can be processed.
Generally, the attentional system functions to determine which of the incom-
ing messages is the most important; this message is the one to which the
observer will respond.

How well does the evidence for late-selection theory measure up? Different
theorists take different positions on this issue. Pashler (1998) argues that the
bulk of the evidence suggests it is undeniably true that information in the un-
attended channel sometimes receives some processing for meaning. At the
same time, it appears true that most results thought to demonstrate late selec-
tion could be explained in terms of either attentional lapses (to the attended
message) or special cases of particularly salient or important stimuli. In any
event, it seems unlikely that unattended messages are processed for meaning
to the same degree as are attended messages.

Attention, Capacity, and Mental Effort

Broadbent (1958) originally described attention as a bottleneck that squeezed
some information out of the processing area. To understand the analogy, think
about the shape of a bottle. The smaller diameter of the bottle’s neck relative
to the diameter of the bottle’s bottom reduces the spillage rate. The wider the
neck, the faster the contents can spill. Applying this analogy to cognitive
processes, the wider the bottleneck, the more information can “spill through”
to be processed further at any point in time.

Modern cognitive psychologists often used different metaphors when talk-
ing about attention. For example, some compare attention to a spotlight that
highlights whatever information the system is currently focused on (Johnson &
Dark, 1986). Accordingly, psychologists are now concerned less with deter-
mining what information can'’t be processed (as the bottleneck metaphor high-
lighted) than with studying what kinds of information people choose to focus
on (as the spotlight metaphor directs).
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To see this, let’s consider the spotlight metaphor in a bit more detail. Just as
a spotlight’s focal point can be moved from one area of a stage to another, so
can attention be directed and redirected to various kinds of incoming informa-
tion. Just as a spotlight illuminates best what is at its center, so too is cognitive
processing usually enhanced when attention is directed toward a task.

Attention, like a spotlight, has fuzzy boundaries. Spotlights can highlight
more than one object at a time, depending on the size of the objects. Attention,
too, can be directed at more than one task at a time, depending on the capac-
ity demands of each task. Of course, the spotlight metaphor is not a perfect
one, and some researchers think it has many shortcomings (Cave & Bichot,
1999). For example, the spotlight metaphor assumes that attention is always
directed at a specific location, which may not be the case.

Daniel Kahneman (1973) presented a slightly different model for what at-
tention is. He viewed attention as a set of cognitive processes for categorizing
and recognizing stimuli. The more complex the stimulus, the harder the pro-
cessing, and therefore the more resources are engaged. However, people have
some control over where they direct their mental resources: They can often
choose what to focus on and devote their mental effort to.

Figure 4-5 presents Kahneman’s (1973) model of attention. Essentially, this
model depicts the allocation of mental resources to various cognitive tasks. An
analogy could be made to an investor depositing money in one or more of sev-
eral different bank accounts—here, the individual “deposits” mental capacity
to one or more of several different tasks. Many factors influence this allocation
of capacity, which itself depends on the extent and type of mental resources
available. The availability of mental resources, in turn, is affected by the over-
all level of arousal, or state of alertness.

Kahneman (1973) argued that one effect of being aroused is that more cog-
nitive resources are available to devote to various tasks. Paradoxically, however,
the level of arousal also depends on a task’s difficulty. This means we are less
aroused while performing easy tasks, such as adding 2 and 2, than we are when
performing more difficult tasks, such as multiplying a Social Security number
by pi. We therefore bring fewer cognitive resources to easy tasks, which, fortu-
nately, require fewer resources to complete.

Arousal thus affects our capacity (the sum total of our mental resources) for
tasks. But the model still needs to specify how we allocate our resources to all
the cognitive tasks that confront us. Look again at Figure 4-5, this time at the
region labeled “allocation policy.” Note that this policy is affected by an indi-
vidual's enduring dispositions (for example, your preference for certain kinds of
tasks over others), momentary intentions (your vow to find your meal card right
now, before doing anything else!), and evaluation of the demands on one’s
capacity (the knowledge that a task you need to do right now will require a
certain amount of your attention).
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FIGURE 4-5 B Kahneman’s (1973) model of attention and effort.
SOURCE: Kahneman (1973, p. 10).
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Essentially, this model predicts that we pay more attention to things we are
interested in, are in the mood for, or have judged important. For example, opera
lovers listen carefully during an operatic performance, concentrating on nu-
ances of the performance. People less interested in opera may sometimes have
a hard time even staying awake. In Kahneman'’s (1973) view, attention is part
of what the layperson would call “mental effort.” The more effort expended,
the more attention we are using.

Kahneman'’s view raises the question of what limits our ability to do several
things at once. We've already discussed arousal. A related factor is alertness as
a function of time of day, hours of sleep obtained the night before, and so forth.
Sometimes we can attend to more tasks with greater concentration. At other
times, such as when we are tired and drowsy, focusing is hard.

Effort is only one factor that influences performance on a task. Greater ef-
fort or concentration results in better performance of some tasks—those that
require resource-limited processing, performance of which is constrained by
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the mental resources or capacity allocated to it (Norman & Bobrow, 1975).
Taking a midterm is one such task. On some other tasks, one cannot do better
no matter how hard one tries. An example is trying to detect a dim light or a soft
sound in a bright and noisy room. Even if you concentrate as hard as you can
on such a task, your vigilance may still not help you detect the stimulus.
Performance on this task is said to be data limited, meaning that it depends
entirely on the quality of the incoming data, not on mental effort or concentra-
tion. Norman and Bobrow pointed out that both kinds of limitations affect our
ability to perform any cognitive task.

Schema Theory

Ulric Neisser (1976) offered a completely different conceptualization of atten-
tion, called schema theory. He argued that we don't filter, attenuate, or forget
unwanted material. Instead, we never acquire it in the first place. Neisser com-
pared attention to apple picking. The material we attend to is like apples we
pick off a tree—we grasp it. Unattended material is analogous to the apples we
don't pick. To assume the unpicked apples were “filtered out” of our grasp
would be ridiculous; a better description is that they simply were left on the
tree. Likewise, Neisser believes, with unattended information: It is simply left
out of our cognitive processing.

Neisser and Becklen (1975) performed a relevant study of visual attention.
They created a “selective looking” task by having participants watch one of two
visually superimposed films. Figure 4-6 shows an example of what participants
in this study saw. One film showed a “hand game,” two pairs of hands playing
a familiar hand-slapping game many of us played as children. The second film
showed three people passing or bouncing a basketball, or both. Participants in
the study were asked to “shadow” (attend to) one of the films and to press a key
whenever a target event (such as a hand slap in the first film or a pass in the
second film) occurred.

Neisser and Becklen (1975) found, first, that participants could follow the
correct film rather easily, even when the target event occurred at a rate of
40 per minute in the attended film. Participants ignored occurrences of the
target event in the unattended film.

Participants also failed to notice unexpected events in the unattended film.
For example, participants monitoring the ballgame failed to notice that in the
hand game film, one of the players stopped hand slapping and began to throw
a ball to the other player. Neisser (1976) believed that skilled perceiving rather
than filtered attention explains this pattern of performance. Neisser and
Becklen (1975, pp. 491-492) argued that once picked up, the continuous and
coherent motions of the ballgame (or of the hand game) guide further pickup;
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FIGURE 4-6 B Outline tracings of typical video images used in the Neisser and
Becklen (1975) study. (A) shows the hand game alone; (B) the ballgame alone;
(C) the hand game and ballgame superimposed.

SOURCE: Neisser and Becklen (1975, p. 485).

what is seen guides further seeing. It is implausible to suppose that special
“filters” or “gates,” designed on the spot for this novel situation, block the
irrelevant material from penetrating deeply into the “processing system.” The
ordinary perceptual skills of following visually given events “are simply applied
to the attended episode and not to the other.”

Inattentional Blindness

Recall in Chapter 3 that we discussed the phenomenon of change blindness,
the inability to notice large changes to scenes when the scene is somehow
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disrupted (Simons, Nevarez, & Boot, 2005). Change blindness has been linked
to another phenomenon known as inattentional blindness, the phenome-
non of not perceiving a stimulus that might be literally right in front of you, un-
less you are paying attention to it (Mack, 2003; Simons & Ambinder, 2005).
Mack gives the following everyday example of inattentional blindness:

Imagine an experienced pilot attempting to land an airplane on a busy runway.
He pays close attention to his display console, carefully watching the airspeed
indicator on his windshield to make sure he does not stall, yet he never sees
that another airplane is blocking his runway! (p. 180)

You may be skeptical that such a phenomenon really does happen. After all,
how can a (nonpsychotic) person be looking at an object and not really see it?
One answer can be found in the Neisser and Becklen experiment described
previously—research participants failing to “see” an unexpected event. A more
dramatic (and humorous) demonstration again comes from the laboratory of
Daniel Simons, who partially replicated the Neisser and Becklen (1975) stud-
ies using more sophisticated video technology.

Figure 4-7 depicts four experimental conditions (each research participant
was assigned to only one condition). As in the Neisser and Becklen (1975)
studies, participants were asked to follow either the “white team” or the “black
team” and to count the number of times the team they were watching passed a
basketball (Easy condition) or to keep track separately of both the number of
bounce passes and the number of aerial passes made by the target team (Hard
condition). At a little under a minute into the presentation, an unexpected
event occurred:

After 44-48 s of this action, either of two unexpected events occurred: in the
Umbrella-Woman condition, a tall woman holding an open umbrella walked
from off camera on one side of the action to the other, left to right. The actions
of the players, and this unexpected event, were designed to mimic the stimuli
used by Neisser and colleagues. In the Gorilla condition, a shorter woman
wearing a gorilla costume that fully covered her body walked through the action
in the same way. In either case, the unexpected event lasted 5 s, and the play-
ers continued their actions during and after the event. (Simons & Chabris,
1999, p. 1066)

After viewing the entire videotape, students first wrote down their counts
and then were asked to describe anything unusual they had seen on the video.
Questions became increasingly specific, beginning with “While you were doing
the counting, did you notice anything unusual on the video?” and ending with
“Did you see a gorilla (or a woman carrying an umbrella) walk across the
screen?”
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Overall, 46% of participants failed to notice either the umbrella woman or
the gorilla. Only 44% of participants ever reported seeing a gorilla, although
this number was much greater for the subjects watching the black team, who
presumably shared more visual features with the gorilla (dark color) than did
the white team (see Table 4-1 for a full presentation of results). Simons and
Chabris (1999) concluded that unexpected events can be overlooked. Presum-
ably, we only perceive those events to which we attend, especially if the unex-
pected event is dissimilar to the focus of our attention, and if our attention is
tightly focused somewhere else.
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1

‘HH | Table 4-1 Percentage of subjects noticing the unexpected event in each condition.
Each row corresponds to one of the four video display types. Columns are
grouped by monitoring task and attended team (White or Black). In the
Easy task, subjects counted the total number of passes made by the
attended team. In the Hard task, subjects maintained separate
simultaneous counts of the aerial and bounce passes made by the
attended team.

Easy task Hard task

White team Black team White team Black team

Transparent
Umbrella Woman 58 92 33 42
Gorilla 8 67 8 25
Opaque
Umbrella Woman 100 58 83 58
Gorilla 42 83 50 58

Source: Simons and Chabris (1999, p. 1068).

B NEUROSCIENTIFIC STUDIES OF ATTENTION

Cognitive neuroscientists are interested in examining which areas of the
human brain are active when a person is attending to a stimulus or event. Re-
searchers have long suspected the parietal lobe of the brain (see Figure 4-8) is
one such location.

FIGURE 4-8 B Areas of the brain active during attentional processing. A view of the
left cerebral hemisphere.
SOURCE: Banich (1997, p. 243).
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FIGURE 4-9
simple line d
SOURCE: Posner

Clinical neurologists have documented the phenomenon of sensory neglect
(sometimes called hemineglect) in patients who have parietal lobe damage.
(You may recall some discussion of hemineglect in Chapter 3.) These patients
often ignore or neglect sensory information located in the visual field opposite
to the damaged hemisphere. Thus if an area of the right parietal lobe is the
damage site (as it often is), the patient overlooks information in the left visual
field. This neglect may include, for example, neglecting to wash one side of the
face or body, neglecting to brush the teeth on one side of the mouth, or eating
from only one side of the plate.

In clinical studies, patients showing hemineglect have been studied in
more detail. Typically, they are presented with stimuli and asked to copy them.
Figure 4-9 shows examples of stimuli presented to a patient with right parietal
lobe damage and the patient’s drawings. Note that in both cases the left part of
the drawing is missing, something the patient did not appear to notice.

Clinical work has established that hemineglect is attentional, rather than
sensory (Banich, 1997). Were it simply a sensory deficit, we would expect
patients to turn their gaze to the part of the visual field they were missing—in
other words, to be aware their visual information is incomplete. Indeed, some
patients have just this type of deficit, and they do compensate by just such
strategies. In contrast, patients with hemineglect seem unaware of one side of
their body and disinclined to try to attend to information from that side. In ex-
treme cases, patients with hemineglect even deny that some of their own limbs
belong to them. In one case study, a patient thought hospital staff had cruelly
placed a severed leg in his bed; he tried to throw it to the floor, but the rest of
his body followed the leg (Banich, 1997).

Although the parietal lobe is one brain region known to be associated
with attention, it is not the only one. Areas of the frontal lobe as well (see Fig-
ure 4-8) play a role in people’s ability to select motor responses and develop

B When a patient with a lesion of the right parietal lobe is asked to copy
rawings such as a clock or a house, he omits details on the left.
and Raichle (1994, p. 158).

Patient’s copy Model Patient’s copy
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plans (Milham, Banich, Webb, Barad, Cohen, Wszalek, & Kramer, 2001). But
how do the various brain regions communicate with each other to produce
attentional performance? This question is clearly significant, and I will provide
only a short, focused answer, by looking specifically at one kind of attention.

Networks of Visual Attention

Much work on brain processes of attention has centered on visual attention.
Researchers have identified more than 32 areas of the brain that become active
during visual processing of an attended stimulus (LaBerge, 1995). We obvi-
ously don'’t have the time or room to perform a detailed review of each. Instead,
we will focus on three “networks” or systems of visual attention proposed by
Posner and Raichle (1994).

In a series of studies, Posner and his colleagues used the following task. A
participant is seated in front of a visual display, fixating on a central point. On
either side of the point are two boxes. On each trial, one box brightens or an
arrow appears, indicating on which side of the screen the participant should
expect to see the next stimulus. The purpose of this cue is to encourage the
participant to focus his or her attention at a particular location. The partici-
pant’s task is to respond as fast as possible when he detects the stimulus.
Sometimes no cue is given, and at other times an incorrect cue is given, to as-
sess the benefit of having attention focused in either the correct or an incorrect
location (Posner & Raichle, 1994).

Posner and Raichle (1994) argued that to perform this task, a person needs
to execute three distinct mental operations. She first must disengage her atten-
tion from wherever it was previously directed. Brain activity in the posterior
parietal lobe (see Figure 4-10) is heightened during this process. Once disen-
gaged, attention must be refocused on the spatial location of the new to-be-
attended stimulus. Posner and Raichle called this the move operation. They
reported that patients with brain damage in the superior colliculus, a major
structure of the midbrain (see Figure 4-10), have difficulty moving their atten-
tion from one location to another. Finally, according to Posner and Raichle,
when attention is redirected, neural processing of the new location is en-
hanced; stimulus information presented at the to-be-attended location is em-
phasized, and the brain circuitry underlying this operation (the pulvinar,
located in the thalamus; see Figure 4-10) becomes more active. As you might
expect, patients with damage to the pulvinar do not show the enhanced pro-
cessing of which other people are capable when attending to a stimulus in a
particular location.

The idea that attention consists of several different processes that operate
independently has received some support from clinical psychological studies
of children and adults with ADHD, attention-deficit/hyperactivity disorder
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FIGURE 4-10 B The three areas of the orienting network perform three functions
required to orient attention. The focus of attention is first disengaged from a cue,
then moved to the expected target location; finally, the target at the location being
attended is enhanced.

SOURCE: Posner and Raichle (1994, p. 168).
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(Barkley, 1998; Rubia & Smith, 2001; Woods & Ploof, 1997). An estimated
3% to 5% of the general school-age population has some form of ADHD
(Casat, Pearson, & Casat, 2001), with the disorder approximately three times
more common in boys than girls. Barkley’s (1998) classic work suggests that
ADHD clients suffer not so much from an inability to be alert or to devote
mental resources to a task (Posner and Raichle’s disengage and move opera-
tions) as from an inability to sustain vigilance on dull, boring, repetitive
tasks, such as “independent schoolwork, homework, or chore performance”
(Barkley, 1998, p. 57). Logan, Schachar, and Tannock (2000) suggest that
in fact the major deficit in ADHD children is an inability to inhibit an ongo-
ing response (for example, talking or playing a game when asked to do home-
work), an inability that may be a part of Posner and Raichle’s enhance
operation.

Posner and Raichle’s (1994) description of attentional networks postulated
that distinct areas of the brain underlie distinct cognitive processes. Posner
more recently has described three different attentional networks that recruit
individual cognitive processes (such as moving or disengaging). These are the
alerting network, responsible for achieving and maintaining an alert state; the
orienting network, which selects information from sensory input; and the ex-
ecutive control network, which resolves conflicts among different responses
(Fan, McCandliss, Sommer, Raz, & Posner, 2002; Posner & Fan, 2001). Posner
believes that the alerting network is associated with the frontal and parietal
regions of the right hemisphere; the orienting network with areas of both the
parietal and frontal areas; and the executive control network with the frontal
lobes, especially the prefrontal cortex.
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Event-Related Potentials and Selective Attention

Cognitive neuropsychologists have reported some fairly dramatic findings sug-
gesting that information is processed very differently in attended versus unat-
tended channels. Some of this work relies on measures such as a series of
electrical potential recordings (electroencephalogram, or EEG) taken from the
scalp of a participant. For technical reasons, researchers often average EEG
records over many trials to reduce noise, ending up with the average electrical
potential recorded 1 millisecond after presentation of a stimulus, 2 milliseconds
after a stimulus, and so forth. This procedure results in a measure, already
introduced briefly in Chapter 2, called an event-related potential (ERP).
Banich (1997) has described the methodology of a typical study. Participants
are asked to listen to one channel and to count long-duration tones. Short-
duration tones and long-duration tones are both presented in each channel, at-
tended and unattended. Researchers keep track of the ERPs to each stimulus.
Results from many studies show that ERPs differ as a function of whether a stim-
ulus was attended to (Pashler, 1998). Figure 4-11 presents an example of some

FIGURE 4-11 B Modulation of early event-related potential (ERP) components by
attention. The response to the stimulus is enhanced when it is presented in the
attended location as compared with when it is not. (Left) For example, the amplitude
of the N is greater to a left-ear tone when the individual is attending to the left ear
(solid line) than when the same tone is heard but the individual is attending to the
right ear (dotted line). (Right) Likewise, the response to a right-ear tone is greater when
the right ear is attended (dotted line) than when the left is (solid line). The difference
between these two waveforms (shaded area) is the Ng component. This effect begins
relatively soon after stimulus presentation, within the first 100 milliseconds.

SOURCE: Banich (1997, p. 239).
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typical results. Notice that the amplitude of the waveforms (that is, how much the
waveform deviates from the horizontal) is usually much larger for the attended
than for the unattended stimulus. This difference usually begins 80 milliseconds
after presentation of the stimulus, which is enough time for information to travel
from the sensory receptors in the ears to the cerebral hemispheres, suggesting
that the effect occurs in the brain, not in the ears (Banich, 1997).

B AUTOMATICITY AND THE EFFECTS
OF PRACTICE

As we become well practiced doing something, that act takes less of our atten-
tion to perform. Typing is a good example. If you are skilled at typing, you can
probably type fairly quickly and accurately and can do so while you carry on a
conversation or even look out the window. If you aren'’t very skilled, then you type
more slowly, make more errors, and are less able to process other incoming in-
formation. More formally said, an important variable that governs the number of
things we can do simultaneously is the capacity a given task consumes. Adding
2 and 3 consumes little of my capacity, leaving some for other tasks (such as
planning dinner tonight and wondering if I have all the ingredients at home).

What affects the capacity any given task requires? One factor is obviously
the difficulty of the task. Another is the individual’s familiarity with the task.
Although easy for me, adding 2 and 3 still challenges a 5-year-old. The differ-
ence between us on this task is practice—I've added 2 and 3 far more often
than any 5-year-old has. Practice is thought to decrease the amount of mental
effort a task requires.

Recall the earlier example of a novice automobile driver. The unpracticed
task of controlling a car in motion requires so much mental effort that little ca-
pacity is available for other tasks, such as tuning a radio or responding to a con-
versation. Even coordinating driving with looking at the relevant instruments
on the dashboard may be difficult, because the novice driver’s mental energy is
so intently focused. With just a few months’ practice, however, a driver needs
much less effort for the driving task itself. Mental capacity is now available for
other tasks, and the driver can steer and talk at the same time. However, a
complicated situation (such as a traffic accident during rush hour) requires
even the most practiced driver to pay more attention, temporarily reducing his
or her ability to converse or sing along with the radio.

The Stroop Task

A famous demonstration of the effects of practice on the performance of
cognitive tasks was given by John Ridley Stroop (1935). Stroop presented
participants with a series of color bars (red, blue, green, brown, purple) or color
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words (red, blue, green, brown, purple) printed in conflicting colors (the word
red, for example, might be printed in green ink). On the inside cover of this
book, you can see an example of stimuli similar to those Stroop used.

Participants were asked to name, as quickly as possible, the ink color of
each item in the series. When shown bars, they did so quickly, with few errors
and apparently little effort. Things changed dramatically, however, when the
items consisted of words that named colors other than that of the ink in which
the item was printed. Participants stumbled through these lists, finding it diffi-
cult not to read the word formed by the letters.

According to Stroop (1935), the difficulty stems from the following: Adult,
literate participants have had so much practice reading that the task requires
little attention and is performed rapidly. In fact, according to Stroop, literate
adults read so quickly and effortlessly that not reading words is hard. Thus
when confronted with items consisting of words, participants couldn’t help
reading them. We describe this kind of response—one that takes little atten-
tion and effort and is hard to inhibit—as automatic.

The actual task given to participants, to name colors, was one they had
practiced much less. Participants in one of Stroop’s (1935) subsequent experi-
ments, given eight days of practice at the naming task, in fact showed less in-
terference in performing the so-called Stroop task and became faster at
naming colors with all stimuli. Moreover, a summary of the literature suggests
that Stroop interference begins when children learn to read, peaking at around
second or third grade (when reading skills develop) and then declining over the
adult years until about age 60 (MacLeod, 1991). Virtually everyone who can
read fluently shows a robust Stroop effect from an early age.

Automatic Versus Attentional (Controlled)
Processing

What exactly does it mean to perform a task “automatically”? We often talk
about being “on autopilot” when we do something without being aware of it—
but what is actually going on cognitively? Posner and Snyder (1975) offered
three criteria for cognitive processing to be called automatic processing:
(1) It must occur without intention; (2) it must occur without involving
conscious awareness; and (3) it must not interfere with other mental activity.
Let’s consider our driving example once again. A practiced driver driving a
familiar route under normal, nonstressful conditions may well be operating the
car automatically. Driving home, for example, I've often found myself in the
middle of making a turn without actually intending to: My hand seems to hit
the turn signal and my arms to turn the steering wheel without my consciously
deciding to do so. Indeed, sometimes I follow my usual route home even when
I've previously intended to go a different way. For example, | may intend to go
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As children acquire reading skills, they also start to show interference on the Stroop task.

to the dry cleaners but start thinking of something else and then, to my surprise
and embarrassment, will find myself in my own driveway, simply because I for-
got to change my automatic routine!

Schneider and Shiffrin (1977) examined automatic processing of informa-
tion under well-controlled laboratory conditions. They asked participants to
search for certain targets, either letters or numbers, in different arrays of letters
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or numbers, called frames. For example, a participant might be asked to search
for the target | in an array of four letters: B M K T. (Note: This trial is “nega-
tive,” in the sense that the target is not present in the frame.)

Previous work had suggested that when people search for targets of one
type (such as numbers) in an array of a different type (such as letters), the task
is easy. Numbers against a background of letters seem to “pop out” automati-
cally. In fact, the number of nontarget characters in an array, called distractors,
makes little difference if the distractors are of a different type from the targets.
So finding a | among the stimuli 1, 6, 3, ], 2 should be about as easy as finding
a J among the stimuli I, ], 3. Finding a specific letter against a background of
other letters seems much harder. So searching for | among the stimuli R ] T'is
easier than searching for the | among the stimuli G K J L T. In other words,
when the target and the distractors are of the same type, the number of dis-
tractors does make a difference.

Schneider and Shiffrin (1977) had two conditions in their experiment. In the
varied-mapping condition, the set of target letters or numbers, called the mem-
ory set, consisted of one or more letters or numbers, and the stimuli in each frame
were also letters or numbers. Targets in one trial could become distractors in
subsequent trials. So a participant might search for a ] on one trial, then search
for an M on the second trial, with a | distractor included. In this condition, the
task was expected to be hard and to require concentration and effort.

In the consistent-mapping condition, the target memory set consisted of
numbers and the frame consisted of letters, or vice versa. Stimuli that were tar-
gets in one trial were never distractors in other trials. The task in this condition
was expected to require less capacity. Figure 4-12 provides examples of some
of the stimuli Schneider and Shiffrin might have used.

FIGURE 4-12 B Depiction of stimuli presented to research participants
in the Schneider and Shiffrin (1977) study.
SOURCE: Adapted from Schneider and Shiffrin (1977). Reprinted by permission of Lise Abrams.

Target
8 K EEE M D Consistent mapping
or

7481 D@ 8l Frame size = 2

Varied mapping

H
] K Frame size = 4
\

G
or
CJPL M

131



132

Partll m Basic Processes

In addition, Schneider and Shiffrin (1977) varied three other factors to
manipulate the attentional demands of the task. The first was frame size—that
is, the number of letters and numbers presented in each display. This number
was always between 1 and 4. Slots not occupied by a letter or number con-
tained a random dot pattern. Second was the frame time—that is, the length of
time each array was displayed. This varied from approximately 20 milliseconds
to 800 milliseconds. The last variable manipulated was the memory set—that
is, the number of targets the participant was asked to look for in each trial (for
example, find a | versus find a J, M, T, or R).

Figure 4-13 presents the results of the Schneider and Shiffrin (1977) study.
The graphs are a little hard to follow, but try to do so in conjunction with what
you read in the next few paragraphs. In the consistent-mapping condition,
thought to require only automatic processing (because the targets and
distractors were not the same type of stimuli), participants’ performance varied
only with the frame time, not with the number of targets searched for (mem-
ory set) or the number of distractors present (frame size). This means partici-
pants were just as accurate in searching for one as for four targets and in
searching among one, two, or four items in a frame. Accuracy depended only
on the length of time the frames were displayed.

FIGURE 4-13 B Results of Schneider and Shiffrin’s (1977) experiments. Notice that

for subjects in the consistent-mapping condition, only the variable of frame time

affects reaction time. Subjects in the varied-mapping condition are also affected by

frame size and memory set size.

SOURCE: Schneider and Shiffrin (1977, p. 12).
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In the varied-mapping condition, thought to require more than automatic
processing (because the targets and distractors could both be letters, or both
numbers, and because targets on one trial could become distractors on an-
other), participants’ performance in detecting the target depended on all three
variables: memory set size (number of targets searched for), frame size (num-
ber of distractors present), and frame time. You can see this in the second
panel of Figure 4-13, where all the lines are separated, indicating that partici-
pants responded differently on trials with different memory set sizes and/or dif-
ferent frame sizes.

Schneider and Shiffrin (1977) explained these results by distinguishing be-
tween two kinds of processing. Automatic processing, they asserted, is used for
easy tasks and with familiar items. It operates in parallel (meaning it can oper-
ate simultaneously with other processes) and does not strain capacity limita-
tions. This kind of processing is done in the consistent-mapping condition:
Because the targets “popped out” from the background, little effort or concen-
tration was required. That searching for four targets was as easy as searching
for one illustrates the parallel nature of this kind of processing: Several
searches can be conducted simultaneously.

Schneider and Shiffrin (1977) dubbed the second kind controlled pro-
cessing. Controlled processing is used for difficult tasks and ones that involve
unfamiliar processes. It usually operates serially (with one set of information
processed at a time), requires attention, is capacity limited, and is under con-
scious control. Controlled processing occurred in the varied-mapping condi-
tion (where targets and distractors could alternate across different trials). More
generally, controlled processing is what we use with nonroutine or unfamiliar
tasks.

Can we learn to use automatic processing in place of controlled processing
for a task? Much work suggests we can, with massive amounts of practice in a
task. Bryan and Harter (1899) first made this point in an early study of the de-
velopment of the ability to receive and send telegraph messages. They found,
first, that with practice people got better at both sending and receiving
telegraphed messages. Second, their participants reported that as they became
accustomed to the task, they shifted the focus of their attention. At first they
struggled simply to send or receive individual letters. After a few months, they
concentrated on words rather than on individual letters. Still later, their focus
shifted again, this time from words to phrases or groups of words. Practice
apparently made individual responses (such as detection of a letter) automatic,
or “habits,” as Bryan and Harter called them, freeing attention for higher-level
responses (words instead of letters, phrases instead of words).

If you play video games, you may have noticed a similar kind of learning
effect. When you first play a new game, learning how to operate the controls
to move your video figure across the screen probably takes a while. (My first
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game of Mario Brothers, for instance, lasted approximately 15 seconds.) At
first, you need full concentration to figure out when, where, and how to move
your figure about the screen. You have little capacity left to notice impending
danger.

With practice, playing the game takes much less effort. I know “expert”
Mario Brothers players (sadly for my ego, they are a fraction of my age and
educational level) who can play 30-minute games and still have enough cogni-
tive resources left to carry on an extended discussion with me! My information
processing in playing Mario Brothers is still of the controlled sort. My young
friends, because of their extensive practice, now process much of the informa-
tion automatically.

© Royalty-Free/CORBIS

Even a young, experienced video game player can begin to play with very little
cognitive effort.
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Feature Integration Theory

By now you may be wondering about the role attention and automaticity play
in perception, and vice versa, because many experiments we've talked about in
this chapter certainly involve the perception and recognition of familiar stim-
uli. Anne Treisman, inspired by the work of Schneider and Shiffrin, investi-
gated this question, developing what has come to be called feature
integration theory. Her general idea is that we perceive objects in two dis-
tinct stages. In the first stage, which is preattentive, or automatic, we register
features of objects, such as their color or shape. In the second stage, attention
allows us to “glue” the features together into a unified object (Tsal, 1989a).

Treisman reported several experimental results that support feature inte-
gration theory. In one experiment (Treisman & Gelade, 1980), researchers pre-
sented participants with a series of simple objects (such as letters) that differed
in several features (such as color or shape). Participants were asked to search
for a particular object—for example, a pink letter or the letter T. If the item
being searched for differed from the background items in the critical feature
(such as a pink item among green and brown items, or a T"among O’s), the tar-
get item seemed to pop out of the display, and the number of background items
did not affect participants’ reaction times. Treisman and Gelade interpreted
this pattern of results as evidence that the detection of individual features is
automatic—that is, requiring little attention or concentration and occurring in
parallel. As a result, detecting a circle or the color blue or any other single fea-
ture is relatively easy. You can check out this phenomenon for yourself with the
stimuli shown on the inside cover of the book.

In another condition, participants were asked to search for an object with a
combination of features—such as a pink T—against a background of objects
that had one or the other feature (in this example, both pink items that were
not T’s, and T’s that were not pink). In this condition, participants’ reaction
times varied with the number of background items. Treisman and Gelade
(1980) argued that searching for a conjunction, or combination, of features
requires controlled, nonautomatic processing.

Interestingly, in a later study Treisman and Schmidt (1982) showed that
when attention is diverted or “overloaded,” participants make integration
errors, resulting in what Treisman called illusory conjunctions. Consider the ex-
ample of glancing quickly and without much attention out the window at a red
Honda Civic and a blue Cadillac. Later, when asked to report what you saw,
you might say, “A blue Honda Civic.” Such combining of two stimuli is erro-
neous; the conjunction reported is illusory.

In the experimental demonstration of this phenomenon (Treisman &
Schmidt, 1982), participants saw two black digits displayed on either side of a
row of three larger colored letters, presented briefly (for 200 milliseconds).
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They were asked to pay attention to and recite the black digits, with the exper-
imenter emphasizing the importance of accuracy. Participants were also asked,
after they had reported the digits, to report the positions (left, right, or middle),
colors, and names of any letters they had seen. They were asked to report only
information about which they were highly confident. Participants were able to
provide correct information on letters 52% of the time, but in 39% of the trials
they reported illusory conjunctions (such as a red X instead of either a blue X
orared T). In other words, when mentally taxed, people mistakenly combined
features in illusory conjunctions.

Putting these ideas together, Treisman argued that individual features can
be recognized automatically, with little mental effort. What apparently requires
mental capacity is the integration of features, the putting together of pieces of
information to recognize more complicated objects. Thus, according to Treis-
man, perceiving individual features takes little effort or attention, whereas
“gluing” features together into coherent objects requires more. Many
researchers (Briand & Klein, 1989; Quinlan, 2003; Tsal, 1989a, 1989b) have
tested the theory’s predictions and offered refinements and critiques.

Attentional Capture

The work just reviewed on visual search tasks often involves “pop out” phe-
nomena in which certain stimuli seem to jump off the page or screen at the
viewer, demanding attention. Experimental psychologists have called this phe-
nomenon attentional capture. By this, they mean to imply that certain stim-
uli “cause an involuntary shift of attention” (Pashler, Johnston, & Ruthruff,
2001, p. 634). Many have described this phenomenon as a bottom-up process,
driven almost entirely by properties of a stimulus, rather than by the perceiver’s
goals or objectives. Hence, the term attentional capture, which implies that the
stimulus somehow automatically attracts the perceiver’s attention (Yantis,
2000; Yantis & Egeth, 1999).

For example, in studies by Theeuwes, Kramer, Hahn, and Irwin (1998) par-
ticipants viewed displays such as the one shown in Figure 4-14. At first, as de-
picted by the left-hand side of the figure, participants saw six gray circles
(depicted in the figure by dashed lines) with small figure 8’s inside. After 1000
milliseconds, all but one of the gray circles changed to red (depicted in the fig-
ure by solid lines), and all the figure 8's changed to letters. Only one of the cir-
cles remained gray. Participants were instructed to move their eyes to the only
gray circle and to decide as quickly as possible if the letter it contained was a
C or areverse C.

On half the trials, at the time when the gray circles changed to red, another
(seventh) red circle suddenly appeared, without forewarning, somewhere on
the screen. Even though this new object was irrelevant to the task, it tended to
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FIGURE 4-14 B Stimuli from the Theeuwes et al. study of attentional capture.
SOURCE: Theeuwes, Kramer, Hahn, and Irwin (1998, Figure 1, p. 380).

Fixation (1000 ms) Target/onset distractor

draw the participants’ eyes toward it, delaying their reaction time to make a de-
cision. However, when participants in a follow-up study (Theeuwes, Atchley, &
Kramer, 2000) were first warned to attend to a specific location (where the sin-
gle remaining gray circle would be), they did not have their attention “cap-
tured” by the appearance of a new, irrelevant stimulus. This suggests that, with
enough time, top-down processes intentionally controlled by a participant can
override the passive and reflexive attentional capture.

B DIVIDED ATTENTION

If attention is a flexible system for allocating resources, and if tasks differ in the
amount of attention they require, then people should be able to learn to per-
form two tasks at once. Parents of teenagers, for example, often marvel over
how their children seem able to listen to music, talk on the phone to their
friends, and study all at the same time. How difficult is doing two or more tasks
at once, and on what factors does this ability depend?

Dual-Task Performance

Spelke, Hirst, and Neisser (1976) examined this question in a clever and de-
manding laboratory study. Two Cornell University students were recruited as
participants. Five days a week, for 17 weeks, working in 1-hour sessions, these
students learned to write words dictated while they read short stories. Their
reading comprehension was periodically tested. After 6 weeks of practice, their
reading rates (shown in Figure 4-15) approached their normal speeds. Also by
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FIGURE 4-15 B Reading speeds during practice phase of learning to do two things at
once. Weekly means and interquartile ranges of reading speeds, plotted for each week

of practice, for two subjects, John and Diane.

SOURCE: Adapted from Spelke et al. (1976, p. 220).
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the end of 6 weeks, their scores on the reading comprehension tests were com-
parable whether they were only reading stories (and thus presumably giving the
reading task their full attention) or reading stories while writing down dictated
words. Further investigation revealed that participants could also categorize
the dictated words by meaning and could discover relations among the words
without sacrificing reading speed or comprehension.

Many psychologists were surprised that the participants in this study could
process information about meaning without conscious attention, and some of-
fered alternative explanations for the findings. One hypothesis is that partici-
pants alternated their attention between the two tasks, attending first to the
story, then to the dictation, then back to the story, and so on. Although this pos-
sibility was not directly tested, the authors argued the fact that the participants’
reading speeds were comparable whether or not they were taking dictation sug-
gests that if they were alternating their attention, they were doing so without
any measurable lag.

Hirst, Spelke, Reaves, Caharack, and Neisser (1980) found evidence
against this alternation hypothesis. Their participants were trained in ways
similar to those used by Spelke et al. (1976). All participants copied dictated
words while reading. Some participants read short stories, presumably con-
taining some redundant material and therefore requiring relatively little atten-
tion. Other participants read encyclopedia articles, thought to contain less
redundant material and thus to require more concentration. After they reached
normal reading speeds and reading comprehension during dictation, the par-
ticipants’ tasks were switched: Those who had been reading short stories were
now given encyclopedia articles, and those trained using encyclopedia articles
now read short stories. Six of the seven participants performed comparably
with the new reading material, indicating that the participants were probably
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not alternating their attention between the two tasks. If they were, then learn-
ing to take dictation while reading short stories should not transfer well to
doing so while reading encyclopedia articles.

A second possible explanation for participants’ ability to learn to do two
tasks at once is that one of the two tasks (for example, the dictation task) is
being performed automatically. According to one of Posner and Snyder’s (1975)
criteria for automaticity—that processing not interfere with other mental
activity—taking dictation in this study might be considered automatic. How-
ever, participants were clearly aware that words were being dictated, and they
typically recognized about 80% of the dictated words on tests immediately fol-
lowing trials. Moreover, participants clearly intended to copy the dictated
words. Therefore, taking dictation does not meet Posner and Snyder’s last two
criteria: lack of intention and lack of conscious awareness.

Hirst et al. (1980) also offered evidence against the possibility that one task
becomes automatized. Participants trained to copy complete sentences while
reading were able to comprehend and recall those sentences, suggesting that
the participants had processed the dictation task for meaning. This in turn sug-
gests they paid at least some attention to the dictation task, given that most psy-
chologists believe automatic processing occurs without comprehension.

A third explanation for how participants were able to perform two tasks at
once, which Hirst et al. (1980) favored, is that the participants learned to
combine two separate tasks: reading and taking dictation. That is, practice
with these two specific tasks caused the participants to perform the tasks
differently from the way they did them at first. This implies that if either one
of these tasks were combined with a third (such as shadowing prose), addi-
tional practice would be needed before the two tasks could be done together
efficiently.

Practice thus appears to play an enormous role in performance and is one
important determinant of how much attention any task requires. Studies such
as those by Hirst et al. are not without critics (see Shiffrin, 1988). However,
this work and related studies are beginning to change our understanding of the
role that practice plays in cognitive tasks (see Pashler et al., 2001, for a more
detailed discussion).

The Attention Hypothesis of Automatization

Work by Gordon Logan and Joseph Etherton (Logan & Etherton, 1994
Logan, Taylor, & Etherton, 1996) has sought to tie together many concepts we
have talked about in this chapter. These researchers propose what they call the
attention hypothesis of automatization, which states that attention is
needed during the practice phase of a task and determines what gets learned
during practice. Attention also determines what will be remembered from
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the practice. Logan et al. (1996) put it this way: “Learning is a side effect of
attending: People will learn about the things they attend to and they will not
learn much about the things they do not attend to” (p. 620). Specifically,
Logan et al. argued that attention affects what information gets encoded into
a memory and what information is later retrieved (topics we will take up in
detail in Chapters 5 and 6).

In a series of experiments, Logan and Etherton (1994) presented college
student participants with a series of two-word displays and asked them to de-
tect particular target words (for example, words that named metals) as fast as
possible. For some participants, the word pairs remained constant over trials;
for example, if the words steel and Canada were paired on one trial, then nei-
ther word ever appeared with any other word on subsequent trials. Other par-
ticipants saw word pairs that varied from trial to trial, such as steel with Canada
on one trial and steel with broccoli on another. The question was, Would par-
ticipants in the first condition gain an advantage in performance because the
words were consistently paired?

The answer was yes, but only when the specifics of the target detection task
forced the participants to pay attention to both words in the display. If, for
example, the experimenters colored one of the two words green and asked par-
ticipants only to decide whether the green word in a stimulus display was a tar-
get word on each trial, then participants did not gain an advantage from
consistent pairings of words and indeed later recalled fewer of the distractor
words. Apparently the color cue made it easy for participants to ignore the sec-
ond word in the display. To ignore something means not to pay attention to it,
and thus apparently little gets learned about it. Even with extensive practice
(five sessions), participants in the consistent pairing condition were unlikely to
learn which words had been paired if they had no reason to pay attention to the
distractor word.

The Psychological Refractory Period (PRP)

Even with lots of practice, some sets of tasks are hard to do together at the same
time. The old child’s hand play of rubbing your stomach while simultaneously
patting your head comes to mind. However, it’s fairly easy (if absurd-looking) to
pat your own head while carrying on a conversation or singing a song.

Pashler (1993) reported on studies from his and others’ laboratories that ex-
amined the issue of doing two things at once in greater depth. The methods
used in many such studies are diagrammed in Figure 4-16. The participant is
asked to work on two tasks. The first is a tone choice response task, in which on
each trial the participant is presented with either a low- or a high-pitched tone
and is instructed to respond “low” or “high” as quickly as possible. Reaction
times are recorded, and the participant is often given feedback regarding speed
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FIGURE 4-16 B Experiments constructed by cognitive psychologists explore the limits
of a subject’s ability to perform multiple tasks simultaneously. A typical dual-task
experiment is diagrammed here. The subject is presented with one stimulus, labeled
S1, to which he is asked to make a specific response, R1. In the case shown, S1 is a
tone, which the subject identifies as having a high pitch; his response, therefore, is to
say “high.” After S1, the subject is presented with a second stimulus, S2, which in
this case is a visual display of the letter A. His response, R2, is to press the leftmost
of several response keys. The two response times (from S1 to R1 and from S2 to R2)
are measured in the experiment. By altering the interval between stimuli or by
altering the complexity of either the stimuli or the responses, psychologists have
learned a great deal about the mental processes required for dual-task performance.
SOURCE: Pashler (1993, p. 50).
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and accuracy. The second task involves visual presentation of a letter, and the
participant is instructed to press one of several response keys that correspond to
the letter presented.

The interval between the presentation of the tone (S1 in the diagram) and
the letter (S2 in the diagram) is systematically varied. At long intervals, partici-
pants show no interference and appear to perform the two tasks successively,
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FIGURE 4-17 (FACING PAGE) B Bottlenecks could constrict any one of three stages
in the performance of a task. If perception of the first stimulus held up further
processing, then events would proceed as diagrammed in (A). Here, the subject is
potentially capable of processing two stimuli at once but must perceive them one at a
time. Hence, the first stimulus must be perceived before the second stimulus can be,
but thereafter response selection and production of the first response can proceed
while the second stimulus is being perceived. (B) depicts the situation that would
arise if response selection caused the bottleneck. In that case, ST and S2 could be
perceived nearly simultaneously, but the second response could not be chosen until
the first response selection had been completed. The third possibility, shown in (C),
allows both stimulus perception and response selection for the two tasks to proceed
simultaneously, but the second response cannot be produced until the first response
has been completed. Proponents of this third hypothesis suggest that the motor
control system in the brain must “reset” itself after each use and that this limits a
person’s ability to produce a second response immediately after the first response has
been made. Increasing experimental evidence favors the model presented in (B),
suggesting that the bottleneck is at the response-selection stage.

SOURCE: Pashler (1993, p. 51).

finishing their response to the first task before beginning to work on the second.
However, as the interval between the presentation of S1 and S2 gets shorter and
shorter, the time to complete the second task gets longer and longer. The
hypothesized explanation is that while the participant is working on the first
task, he cannot devote any (or enough) attention to make progress on the sec-
ond (Johnston, McCann, & Remington, 1995).

Let’s pause here to consider an analogy from Pashler (1993). Imagine a bank
with one teller and two customers. The amount of time that customer 2 has to
wait for the teller depends on the interval between her arrival and that of cus-
tomer 1. If customer 2 arrives any time after customer 1 has completed her
transactions with the teller, then there is no waiting time—the teller’s attention
is fully available to customer 2. However, if customer 2 arrives while customer 1 is
occupying the teller’s time, then customer 2 will have to wait until customer 1
is finished. The teller cannot begin to work with customer 2 before he finishes
processing all of customer 1’s tasks. This waiting time is analogous to the slowed
response time to the second stimulus, S2, at short intervals between the presen-
tation of S1 and S2, called the psychological refractory period, or PRP.

Pashler (1993, 1998) noted that in the banking example, the teller functions
as a bottleneck—the limiting factor in the speed with which the second task
(customer) gets processed. Coming back to the issue of cognitive processing of
two tasks, where is this bottleneck? As Figure 4-17 shows, Pashler considered
three distinct possibilities: at the stage of perception of the stimulus (A), at the
stage of making a response (C), or at the stage in which a response is selected
or chosen (B). In fact, the work of Pashler (1993) and his colleagues supports
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the theory of Welford (1952), who argued for this last possibility (B) and who
coined the term psychological refractory period. Pashler (1993) also found evi-
dence that retrieving information from memory caused a bottleneck and dis-
rupted attention to the second task. In follow-up work, Pashler and colleagues
concluded that the interference does seem to result from a central bottleneck,
rather than because a person voluntarily postpones working on one or another

of the tasks (Ruthruff, Pashler, & Klassen, 2001).

Divided Attention Outside the Laboratory:
Cell Phone Usage While Driving

Let’s see if we can apply some of the theoretical concepts just reviewed to an ac-
tual instance of dual-task performance in the real world. Recently, many
states have enacted or have considered enacting legislation to prohibit drivers
from talking on cell phones while behind the wheel. Using a cell phone while
driving is becoming more commonplace and is also believed to be a major cause
of up to 50% of highway accidents (U.S. Department of Transportation, 1998,
as cited in Strayer & Johnston, 2001). The argument against driving while using
a cell phone is that talking on a cell phone distracts the driver's attention from
what should be the primary task, navigating the vehicle on the road.

\\ - //!.V

"y
5
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Driving while talking on a cell phone is often a real-world example of dangerous
dual-task performance.

Mark Scon/Getty Images
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In a clever simulation, Strayer and Johnston (2001) investigated this inter-
ference. In their first experiment, they had research participants perform a pur-
suit tracking task: They used a joystick to move a cursor on a computer to keep
it positioned over a moving target (ethical considerations no doubt precluded
doing the study with actual drivers on actual highways!). At various intervals the
target flashed either red or green, a signal to the “driver” to push a “brake” but-
ton on the joystick (red) or ignore the flash (green). Participants first performed
the tracking (“driving”) task by itself, then performed the dual-task portion of
the study: either listening to a radio broadcast or talking on a cell phone with a
confederate of the experimenters. The confederate, who was in a different
location, talked with the participants, either about the then-current Clinton
presidential impeachment issue or about the Salt Lake City Olympic Commit-
tee bribery scandal, and tried to ensure that the participant talked and listened
approximately equally. Listening to the radio broadcast did not cause people to
miss red lights or to react to them more slowly than they had when they per-
formed the pursuit task by itself (the single-task condition). However, talking on
the cell phone did cause both problems, as shown in Figure 4-18.

In a second experiment, the authors had participants talk on a cell phone,
either “shadowing” lists of words the confederate read to them or else perform-
ing a word-generation task. In the latter task, the participant listened to the word
the confederate read (let’s say the word was cream) and then had to generate a
new word that began with the last letter of the word read (in our example, par-
ticipants had to say a word beginning with the letter m). For some participants
the pursuit task was easy, with few unpredictable changes, whereas for others it
was more difficult, with many such changes. Shadowing words did not lead to
reliable decrements in performance. However, generating words did, and the
decrement was especially pronounced when the task was difficult.

Strayer and Johnston (2001) offered these additional observations:

It is also interesting to consider the potential differences between cell-phone
conversations, and in-person conversations with other occupants of the vehicle

.. there is evidence that in-person conversations are modulated by driving
difficulty, so that as the demands of driving increase, participation by all partici-
pants in a conversation decreases. . . . By contrast, at least one of the participants
in a cellular phone conversation is unaware of the current driving conditions (and
may even be unaware that the cell-phone user is driving). (p. 466)

In summary, research on divided attention suggests that there are serious
limits on the number of things we can actually do at once. It may seem that we
can do things simultaneously in the real world, when in many cases we do both
tasks by rapidly switching our attention back and forth between the two. Of
course, when those individual tasks become more demanding, it becomes
harder and harder to do them simultaneously.
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FIGURE 4-18 B Results from the Strayer and Johnston (2001) study.
SOURCE: Strayer and Johnston (2001, Figure 1, p. 463).
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The different theoretical approaches to attention surveyed here suggest that
psychologists are far from agreeing on how to explain attentional phenomena.
Nonetheless, some general themes have emerged.

1. Attention has been shown to be a flexible aspect of cognition. We see
that attention, rather than being rigidly and mechanically limited, as
first described, is instead a more flexible system, affected by things such as
practice, the kinds of tasks being performed, and the person’s intention.
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. The idea that there are limits on the number of things we can pay attention to at
once is known as selective attention. Anecdotal, laboratory, and even neuroscientific
evidence seems to suggest that we process information to which we are actively
paying attention differently from the way we process information to which we are
not attending.

. Whereas once attention was compared to a bottleneck, today the appropriate
metaphor seems to be a spotlight (although some disagree over how far that
metaphor extends). The idea here is that attention can vary in effectiveness, just
as a spotlight, aimed at one spot, more or less lights surrounding areas, depending
on its size and intensity.

. Cognitive neuropsychologists have identified three different neural (brain)
networks of attention, which they have localized in specific regions of the brain.
They have also demonstrated a different pattern of event-related potentials for
attended and unattended information.

. Practice with a physical or cognitive task seems to change the amount of attention
we need to perform that task. Tasks that require little mental capacity to perform
are said to be automatic.

. Some criteria offered to call a task or process “automatic” include the following:
(a) It occurs without intention; (b) it occurs without conscious awareness; and

(¢) it does not interfere with other mental activity. Recently, however, these criteria
have been the subject of criticism.

. It appears that tasks can be performed simultaneously so long as operations such
as memory retrieval or response selection are performed serially.

. A real-world example of the relevance of laboratory research on attention comes
from work on conversing via cell phone while driving a car.

ReviEw QUESTIONS

. Cognitive psychologists have offered several different definitions of the term attention.
Which one seems to you the most useful? Describe and defend your criteria.

. Describe the dichotic listening task, and explain why cognitive psychologists find
it a useful way to study attention.

. Describe the differences and similarities among filter theory, attenuation theory,
late-selection theory, and schema theory.

. Discuss the similarities between change blindness (Chapter 3) and inattentional
blindness.

. Describe and evaluate Kahneman’s capacity model of attention. What, if any, real-
world phenomena does it predict or explain?
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6. What questions are answered by the work on the neurological underpinnings of
attention? What questions are raised?

7. Evaluate Posner and Snyder’s criteria for what makes a cognitive process
automatic. Which criterion is the strongest, and why?

8. Consider the studies on divided attention. Can these findings be used in training
workers who need to process a great deal of information from different sources
simultaneously? Why or why not?

Key Terms

attention hypothesis of divided attention late-selection theory

automatization dual-task performance priming
attentional capture event-related potential psychological refractory
attenuation theory (ERP) period (PRP)
automatic processing feature integration theory ~ schema theory
controlled processing filter theory selective attention
dichotic listening task inattentional blindness Stroop task

Coglab DEMONSTRATIONS

To check your knowledge of the key concepts in this chapter, take the chapter
quiz at http://www.thomsonedu.com/psychology/galotti. Also explore the hot links
that provide more information.

If you have access to CoglLab, a web-based set of demonstrations in cogni-
tive psychology, you may want to try the Stroop Effect demonstration, which
will give you some experience of the classic study. You might also try the Visual
Search demonstration, which will provide experience relevant to the feature
integration theory.

@ WEB RESOURCES

Visit our website. Go to http://www.thomsonedu.com/psychology/galotti,
where you will find online resources directly linked to your book, including
quizzes, flashcards, crossword puzzles, and glossaries.


http://www.thomsonedu.com/psychology/galotti
http://www.thomsonedu.com/psychology/galotti

A

Forming and Using New

Memory Traces

Metaphors of Memory

Sensory Memory
The Icon
The Echo

Short-Term Memory
Capacity
Coding
Retention Duration and Forgetting
Retrieval of Information

Working Memory
Executive Functioning

Neurological Studies of Memory
Processes

CHAPTEHR

Many cognitive psychologists regard mem-
ory as one of the most basic cognitive
processes. We rely on memory whenever
we think back to a personal event—when
we remember, for example, our first day
of school, our 10th birthday, or a trip to
Disneyland. Memory is also obviously in-
volved when we remember information
about historical events, such as the Chal-
lenger explosion, the 9/11 attacks, or the
sudden death of Diana, Princess of Wales.
All these cases illustrate retrieval, the
calling to mind of previously stored infor-
mation. The processes by which we do so
are the focus of this chapter and the next
three chapters.

In one way or another, memory enters
into almost every cognitive activity. Clearly,
activities such as taking an exam or remem-
bering the name of your third-grade teacher
require memory. But other activities, such
as balancing a checkbook or comprehend-
ing a sentence, also involve some aspect of
memory. While doing the calculations nec-
essary to balance a checkbook, we have to
keep some numbers in mind, at least for a
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moment. Similarly, when we hear or read a sentence, we have to keep the
beginning of the sentence in mind while we process its middle and end. We
use memory so frequently that, as with other cognitive processes, we tend to
take it for granted.

Try, for example, to recall your first day at college. What do you remember
about that day? Now ask yourself how you are able to recall any of these mem-
ories (if in fact you can). If you drew a total blank, why? What exactly goes on
when you try to recall?> What makes some information memorable and other
information hard to recall? (For example, can you describe what your cognitive
psychology professor wore two lectures ago?)

Sometimes we fail to notice how extraordinary a particular ability is until we
encounter someone who lacks it. Baddeley (1990) has described the tragic
case of Clive Wearing, a musician and broadcaster who, because of brain dam-
age caused by encephalitis, has been left with severe amnesia. Although many
people suffer from amnesia, Wearing’s case is one of the most devastating on

record. As Baddeley described it,

His amnesia was so dense that he could remember nothing from more than a
few minutes before, a state that he attributed to having just recovered con-
sciousness. Left to his own devices, he would often be found writing down a
time, for example, 3:10, and the note, “I have just recovered consciousness,”
only to cross out the 3:10 and add 3:15, followed by 3:20, etc. If his wife left
the room for a few minutes, when she returned he would greet her with great
joy, declaring that he had not seen her for months and asking how long he had
been unconscious. Experienced once, such an event could be intriguing and
touching, but when it happens repeatedly, day in, day out, it rapidly loses its
charm. (pp. 4-5)

Interestingly, a few of Wearing’s memory abilities seem to have been spared.
He has apparently conducted a choir through a complex piece of music and
can still play the harpsichord and piano. These abilities are the exception
rather than the rule, however. Wearing cannot go out alone because he would
quickly become lost and unable to find his way back. He cannot recognize
much in photographs of familiar places, and his memories of his own life are
quite sketchy.

In this chapter and the next, I will try to explain these phenomena. To do
so, we will look in detail at the processes people use to form, store, and retrieve
information. We will examine theoretical approaches to the study of memory,
considering memory that lasts only briefly as well as memory that endures for
hours, weeks, and even years. Much of the research described in Chapters 5
and 6 comes from the laboratory, where experiment participants, often college
student volunteers, are presented with lists or series of words, syllables, or
pictures under highly controlled conditions. In some parts of Chapter 6, we
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will consider how well laboratory-based models apply to memory phenomena
outside the laboratory, most often to memories for episodes from people’s own
life stories.

A brief review of terminology is in order before we begin. We say that encod-
ing occurs when information is first translated into a form that other cognitive
processes can use. It is held in storage in one form or another for later retrieval.
We say that forgetting occurs when we cannot retrieve information.

B METAPHORS OF MEMORY

Fascination with what memory is and how it works has a long tradition in phi-
losophy, predating any psychological investigations. Neath and Surprenant
(2003) noted that the Greek philosopher Plato wrote about memory, com-
paring it both to an aviary and to a wax tablet on which impressions are
made. Throughout the Middle Ages and Renaissance, other analogies were
made between memory and a cave, an empty cabinet, and a body in need of
exercise.

In the 1950s, memory was compared to a telephone system, and later it was
compared to a computer. One theoretical approach to studying memory, which
dominated cognitive psychology throughout the 1960s and 1970s, distin-
guishes among kinds of memory according to the length of time information is
stored.

This modal model of memory, assumes that information is received,
processed, and stored differently for each kind of memory (Atkinson &
Shiffrin, 1968; Waugh & Norman, 1965). Unattended information presented
very quickly is stored only briefly in sensory memory. Attended information
is held in short-term memory (STM) for periods of up to 20 or 30 seconds.
(Synonyms for STM include primary memory and short-term storage, or STS.)
Information needed for longer periods of time—the correct spelling of the
words on tomorrow’s test, for example, or the name of your fourth-grade
teacher—is transferred to long-term memory (LTM), sometimes called
secondary memory or long-term storage (LTS ). Figure 5-1 depicts an overview of
the modal view of memory. We'll begin our look at psychological investigations
of memory using this metaphor, largely because of its enormous influence on
the field of cognitive psychology and its ability to make sense of a wide range
of memory findings.

Many empirical findings seem to support the idea of different memory
systems. One well-known finding comes from free-recall experiments, in
which people are given a list of words to remember, such as that shown in
Figure 5-2(A), and are asked to recall the words in any order. Next, the ex-
perimenter, using data from all the participants, computes the probability of
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FIGURE 5-1 B The modal view of memory. Each box depicts a memory storage system.
The arrows represent the transfer of information between systems.
SOURCE: Goldstein (1994, p. 278).
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FIGURE 5-2 B Word list for a serial position curve experiment (A); typical results (B).

— 100 |-
1 Table 11 Kitten E

2 Candle 12 Doorknob )

3 Maple 13 Folder 3]

4 Subway 14 Concrete £

5 Pencil 15 Railroad S 50

6 Coffee 16 Doctor RS

7 Towel 17 Sunshine E

8 Softball 18 Letter LCEq

9 Curtain 19 Turkey 2

10 Player 20 Hammer £ ol | 0 | |

1 5 10 15 20
Table Pencil ~ Player  Railroad Hammer

Serial position

(A) (B)

recall of each word as a function of the word’s serial position in the original
list. In our example, table would be in serial position 1 because it is the first
word on the list; candle is in serial position 2; and so forth. Figure 5-2(B) shows
an idealized version of typical results (Murdock, 1962).
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Notice that the two ends of the curve are higher than the middle, indicat-
ing that people recall more words at either the beginning or the end of the list
than they do words in the middle. This is known as the serial position effect.
The improved recall of words at the beginning of the list is called the primacy
effect; that at the end of the list, the recency effect.

What accounts for these two effects? Participants typically report subvocal-
izing to themselves as follows when they first start the experiment:

EXPERIMENTER (reading list at a fixed rate): Table.
PARTICIPANT (to self): Table-table-table-table.

EXPERIMENTER: Candle.

PARTICIPANT (a little faster): Table-candle-table-candle.
EXPERIMENTER: Maple.

PARTICIPANT (very rapidly): Table-candle-maple-table-candle.
EXPERIMENTER: Subway.

PARTICIPANT (giving up on rehearsing earlier words): Subway.

We'll see later that the participants repetition of items, or r