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PREFACE

This book has its origin in many conversations with colleagues and gradu-
ate students concerning a need for a volume on classroom learning. During
the last two decades, a major evolution has taken place in educational and
psychological rescarch. The cognitive information-processing perspective
has changed the nature of psychological and education research and has, to
our way of thinking, produced findings with tremendous potential for elass-
room application. Unfortunately little or no effort has been made to organize
and integrate this new wealth of information at a level appropriate for a first-
yvear graduate student. This volume is intended to provide the educational
practitioner (classroom teacher, school psychologist, special educator, ctc.)
working on a graduate degree with a better understanding of the information
processing involved when students learn. We view this effort as providing
the basis for an awareness of the classroom learning processes of understand-
ing, thinking, and problem solving.

A major change that current cognitive psychology offers to instructional
psychology is a new perspective in which teaching activities are examined in
light of the information processing carried out by students. Effective teach-
ing processes are viewed as means of facilitating productive information
processing by the student. As contrasted with a behavioral psychology, cog-
nitive instructional psychology relegitimizes talk about what goes on inside a
student’s head when asked to learn!

While the volume was designed for use in a graduate-level course, it could
also be used as a resource book by practicing school psychologists and edu-
cators in the field. The research cited is current and covers such areas as
attention, memory functioning, practice, and problem solving. Of particular
value to the educator in the field who may not have a background in neu-
rology is the chapter by O'Bovle reviewing what we know and don’t know
about hemispheric laterality as a basis of learning, This chapter was included
because of misconceptions about this topic that seem to be so prevalent in
the popular literature.

This book is organized around the idea that learning occurs through the
processing of information by structures in the student’s learning/memory
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system. The learning/memory system is conceptualized as possessing many
features that operate as the student learns. While different theorists propose
models that differ in subtle ways, there are important commonalities among
these models. The views expressed in the current voluine of how students
learn in the classroom assume that:

1. Attentional factors arc important in learning and include snch pro-
cesses as orientation (focusing) and maintenance.

2. Short-term memory processes play a role in learning. Such processing
involves what is commonly called working memory. Broadly speaking, work-
ing memory is a limited-capacity mechanism {c.g., 30 scconds) responsible
for what is frequently called consciousness. Working memory is responsible
for monitoring the ongoing activity of the learnev as well as accessing long-
term memory.

3. The representation of knowledge in long-term memory involves stor-
age and retrieval. These processes influence what the stndent learns and
remembers. Storage and retrieval processes are conceptnalized as including
the organizational strategics, e.g., “schemes,” “scripts,” ete., as well as a
depth of processing factor.

4. Performance factors influence the learning process. Such factors in-
clude practice, the use of informative feedback, and the application of cog-
nitive skills.

5. Metacognitive processes play a role in lcarning. Metacognitive pro-
cesses refer to the goals the student has in the learning situation, the type of
general learning skills the student brings to bear in the learning situation,
and the learner’s understanding and interpretation of the learning situation.

>

These features of the learning/memory system are discussed within the
context of hemispheric laterality by O'Boyle in Chapter 2. In Chapter 3,
Grabe reviews research related to attentional practices in education and
provides suggestions for classroom practice. In Chapter 4, Rover provides
the basis for designing instruction to produce understanding. In Chapter 5,
Kulhavy, Schwartz, and Peterson review the literature on working memory
and the encoding process. These authors provide a synthesis of the current
research on “cncoding” and develop a section on instructional applications
that have direct application to the classroom. In Chapter 6, Phve introduces
the topics of practice and skilled classroom performance. The development
of classroom skills through practice is discussed, with special emphasis being
given to error analysis and feedback. Andre introduces the topic of problem
solving and education in Chapter 7. The nature of problem solving and the
approaches to study that problem solving provides are initial considerations.
The application of current theory and research findings is seen in a discus-
sion of the learning of intellectual skills. In Chapter 8, Duell reviews the
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literature on metacognitive skills and summarizes the implications for ¢lass-
room practice. Snowman introduces the topic of learning tactics and strat-
egics in Chapter 9. Special attention is given to memory-directed learning
tactics and comprehension-directed learning tacties. This chapter contains a
review of learning strategy rescarch that has direct implications for the
classroom teacher or educational specialist working with | arning disabled
students.

Chapter 10 by Lunzer is devoted to the general topic of coguitive develop-
ment. This chapter provides the reader with a resuime of Piaget's theory with
a critique of the errors of Piagetian theory and the positive legacy of Piaget.
Lunzer also discusses the concept of continuity and the mechanisims of
change. Of particular interest is the study of thinking as it applics to the
classroom.

The contributors to this volhnne deserve a special expression of gratitude.
We found all persons to he not only cooperative but also stinulating and
dedicated scholars. The editorial staft at Academic Press deserves special
mention for their efforts in the development of this book. A special thank yon
must go to Allen J. Edwards, scries editor, who was willing to listen and then
provide the opportunity for us to try a different approach.

Gary D. Phye
Thomas Andre
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While the social functions of schools are many and varied and have
changed over the centuries, the facilitation of learning and development
remains at the heart of the schools” purpose. Discovering and explaining how
learning and development occur has also been a central issue in scientific
psychology in its century of existence. This volume is intended to provide
educators with a description of current psychological theory and research in
the area of learning and cognition and the applications of that theory to
educational problems. The volume is organized around a conception of the
human cognitive systen that has dominated research and theory in cognitive
and learning psychology since the mid-1960s. We call this conception the
cognitive information-processing view. Like most scientific perspectives,
this view is based upon a central metaphor; that the brain—mind system is, in
important ways, like a programmable computer. This metaphor implies that
we can use concepts from the area of computer science to help us understand
what human beings do when they learn, remember. and use knowledge.

I THE COGNITIVE INFORMATION—PROCESSING (CIP)
VERSUS EARLIER VIEWS

Earlier psychological conceptions of learning and cognition were domi-
nated by two major traditions: behavioral learning theories and traditional
cognitive theories. Behavioral learning theories are exemplified by the work
of Thorndike, Skinner, Hull, and Spence. Traditional cognitive theories are
illustrated by the Gestalt psychologists, by Piaget, and by Ausubel. Behav-
ioral learning theory dominated American psychology for the first 6 decades
of the century. Cognitive theories were primarily the work of European

COGNITIVE CLASSROOM LEARNING: Copyright © 1986 by Academic Press, Inc.
UNDERSTANDING, THINKING, AND PROBLEM SOLVING All rights of reproduction in any form reserved.
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TABLE T Comparison of Behavioral and Traditional Cognitive Theories ol Learning

and Cognition

Behavioral learning theory Traditional cognitive theory
I. Learmer is seen as passive and reactive 1. Learner is scen as active and mastering
to environment. the environment.
2. Learning occurs because of associations 2. Learning occurs because the learer
among stimuli or between stimuli and actively tries to understand the
TCSPONSes. cnvironment.

Knowledge consists of an organized sct

3. Knowledge consists of whatever
pattern of associations have been of mental structures and procedures.
learned.

4. Learning is the acquisition of new 4. Learning consists of changes in mental

associations. structure brought about by mental

reasoning.

Prior knowledge influences new 5. New learning is based on using prior

knowledge to understand new

learning primarily through indirect

processes such as positive or negative situations, and changing prior
transfer hecause of similarity of stimuli knowledge structures to deal with new
between situations. situations.

6. Discussion of the activities of the mind 6. Discussion of activitics of the mind is
is not permitted. the central issue in psychology.

7. Strong experimental research tradition. 7. Weak experimental research tradition.
Theories can only be verified through Observational research, thought
experiment. experiments, and logical analysis can

be used.

8. Education consists of arranging stimuli 8. Education consists of
so that desired associations are made. allowing/encouraging, active mental

exploration of complex environments.

psychologists. Table 1 illustrates some of the differences between behavioral
and traditional cognitive theories.

As can be seen in Table 1, the behavioral tradition emphasized as its
fundamental metaphor a mechanistic conception of learning that was based
upon the concept of the mechanical (as opposed to the clectronic) device.
Stimuli acted as forces which forced the learner to engage in various hehav-
iors much as dialed telephone numbers force the phoune svsten to ring
particular phones. The learner was not self-activated and only responded to
environmental forces. The fundamental metaphor of the traditional cognitive
view was that of the “logician-philosopher/rational-civilized man™! that pre—
World War 1, educated, middle-upper-class Europcans imagined them-

. but because we believe that it captures

IThe word man is used here not because we are sex
the view that was hield by Europeans that we are tryving to convey. In that view. logical-rational,

nonemotional thought was male. We do not subscribe to that position.
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selves to be. In this view, thinking and mental activity were the fundamental
facts of human existence and had to be the basis upon which adequate
psychological theories of cognition and learning were built.2

A. The CIP View

The CIP view in many wavs represents an integration of the behavioral
and traditional cognitive positions. Rather than secing cither the environ-
ment or the mind as the source of learning and behavior, the CIP view holds
that learning and behavior emerge from an interaction of the environment
and the previous experience and knowledge of the learner. The learner hoth
responds to and acts upon the environment. Like the traditional cognitive
view, the CIP model portrays the mind possessing a structure consisting of
components for processing (storing, retrieving, transforming and using) in-
formation and procedures for using the components. Like the behavioral
view, the CIP model holds that learning consists partially of the formation of
associations. Rather than the simple undifferentiated associations of behay-
ioral psychology, in the CIP model, associations vary in tvpe and nature. In

addition, the “things” associated are not simple stimulus—stimulus or stim-

ulus—response connections but are connections among mental structnre
that are called schemata (schemes, scripts, frames, productions, ete). Be-
sides acquiring associations among schemata (singnlar: schema), learning
also consists of the acquisition of new schemata. In the CIP view, knowledge
is represented in mental structure in a hierarchically organized network of
associations among schemata.

Discussion of the processes occurring in the mind is central to the infor-
mation processing view; but these processes are discussed in a more precise
fashion than in the traditional cognitive view. The CIP view denands that
qach specific step and procednre of a postulated mental operation be de-
seribed; the ideal is that the process be deseribed in sufficient detail that it
may be simulated upon a computer. In addition, the CIP model adopts the
experimental attitude of the behaviorists. Mental processes are not simply
postulated, but rather inust be supported by experimental evidence. TTow-
ever, like the traditional cognitivists, rescarchers within the cognitive infor-
mation-processing tradition make frequent use of informal observations and
logical analyses of mental activities for the gencration of hypotheses that are

ZThis contrast of the behavioral and traditional cognitive views is overdrawn for the pedagogical
purpose of making the distinctions between the views clear. The contrasting views might be
conceptualized as endpoints on a continuum upon which the specific theories of hehavioral and
cognitive theorists would fall. This description does not do justice to the rich traditions within
either behavioral or traditional cognitive psychology and does not provide an adequate historical
perspective.
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later tested by experiment. This paragraph introduces many terms and ideas
that appear very general. The purpose of this book is to flesh out and make
more precise the general features described in this chapter and to show how
these ideas can be used in education.

B. THe BAsiC STRUCTURE OF THE MIND

While there is much debate within cognitive psychology about the exact
nature of mental structure, models based upon the basic structure first
proposed by Atkinson and Shiffrin (1968) have many adherents. Figure 1
presents an overview of a generic version of this imodel. According to Fig. 1,
there are five basic components to the mental system: Input buffers or
sensory registers; a short-term store or memory, a long-term memory, an
executive routine, and output buffers. Thinking and learning consist of the
movement and processing of information through and among the compo-
nents of this system. In this chapter, we briefly describe each of these
components and indicate how learning and thinking oceur within this gener-
ic mode. Subsequent chapters provide an in-depth description of how infor-
mation processing occurs.

1. Input Buffers—Sensory Registers

The input buffers or sensory registers represent a portion of the memory
system that is associated with the senses. Sensory registers are very short-
term memories that function to hold incoming information for a brief period
of time while it can be processed. Without sensory registers we would have
more difficulty in perceiving the world because we would not have time to
process many stimuli that are of very brief duration.

The existence of a sensory register for each of the senses is speculative.

Output
—»  buffer J
Episodic | E » [ese{ Executive
pisodic | § &
-3
el € |, .| Short-term
Semantic s E e 2 emory

Sensory
register

%

i L || T
External | INPUT 0 Internal

FIG. 1. A model of the cognitivz system.
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Work by Sperling (1960), using stimulus arrays presented visually for very
brief intervals through a device called a tachistoscope, led to the postulation
of the visual sensory register. Work by Moray, Bates, and Barnett (1965) and
Darwin, Turvey, and Crowder (1972) supports the existence of an auditory
sensory register. The existence of sensory registers for the other senses is
less well documented. While the sensory registers represent an interesting
component of the memory system, their operation is pretty much an auto-
matic part of perception, and they have little educational importance.

2. Short-Term Memory (STM)

Short-term memory is conceived to be that part of the memory system
that contains information currently being thought about and processed. In
many ways the concept of short-term memory is similar to the idea of con-
sciousness. When we are currently conscious of ideas, they are in our short-
term memory. Short-term memory is assumed to have a limited capacity to
deal with information. As we devote attention to information, we bring that
information into our short-term memory and process it. Because short-ter
memory is limited in its capacity, we have limits on the number of different
ideas we can attend to. The capacity of short-term memory has been vari-
ously estimated at two to seven chunks of information. However, as Ander-
son (1980) points out, estimates are variously biased by the method used to
make the estimate; he concludes that while we know that short-term memo-
ry capacity is limited, we do not know its exact capacity. In addition, infor-
mation is lost very rapidly from short-termi memory unless we continue to
think about or rehearse it. Rehearsal is a term used to described the process
of repeatedly saying something over and over to yourself. It is one way to
maintain information in short-term memory. You have probably used re-
hearsal to keep a telephone number in your short-term memory.

Short-term memory acts as a kind of bottleneck in the memory system.
Incoming information must be entered into short-term memory if it is to be
learned. While it is being processed, our capacity to learn other information
is reduced. Issues that we have to think about, such as constructing a sonnet,
solving a math problem, or wondering what to do about our budget, use up
short-term memory and attentional capacity. Again, our eapacity to think of
other things is reduced. One implication for instructional practice is that
information should be presented no faster than it can be adequately pro-
cessed. If information is presented too quickly, the memory system becomes
overloaded and loss of information occurs.

3. Long-Term Memory

In order to learn and retain information for longer periods of time, we
must transfer information from short-term to long-term memory. Long-term
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memory is conceived of as a very large-capacity, randomly-accessible, and
content-addressable memory. Large capacity means that long-term memory
can store a great deal of different information. As far as we know, there are
no practical limits to the capacity of our long-term wemory. By random
access, psychologists mean that any item of information can be retrieved
relatively independently of other items of information. The opposite of a
randomly-accessible memory store is a serial memory store. In a serial mem-
ory store (like a tape recorder), vou have to search through the entire memo-
rv in sequence until you find the item of information vou want. A random-
access memory store is somewhat like a library. If vou know a book’s call
number and how the library is organized, you can find the book by going to
that location in the memory without having to scarch through all the books in
the library. By content-addressable, psychologists mean that the nature of
the information to be learned determines where in long-term memory the
information will be stored. If you learn about a certain topic, such as the seq
life of Cape Cod, that information is stored in locations in your memory that
can be accessed with cues based upon the content that vou studied. So if vou
are asked questions about Cape Cod or sca life, you are likely to scarch that
part of vour memory that deals with those topics.

Some theorists find it nseful to divide long-tern memory into two compo-
nents: long-term episodic and long-term semantic memory (Calfee, 1981;
Tulving, 1972). In Tulving’s conception, long-term episodic memory is used
to store the events of a person’s life, whereas long-term semantic memory is
used to store one’s general knowledge of the language and the world. Knowl-
edge in long-term memory is used to understand (give meaning to) the
events one experiences and the language one hears. In Tulving's words
episodic and semantic memory should be conceived as

two information processing svstems  that (a) selectively  receive  information

from . . . other cognitive systems, (b) retain various aspects of this information, and
(¢) ... transmit  specific  retained information  to  other systems, includ-
ing . . . conscious awareness. The two systems diller in terms of (a) the nature of

the stored information, (b) autobiographical versus cognitive reference, (¢} condi-
tions . . . of retrieval, and . . . () their vulnerability to interference. . .. Episodic
memory receives aud stores information about temporally dated episodes or events
and temporal-spatial relations among these events, . . . Semantic memory © . L is a

mental thesaurus, [containing] organized knowledge about words . . . their

3This presentation ol long-term memory uses a spatial metaphor and seems to imply that we
hold that diflerent memories are stored in different locations in the brain, and that brain
organization is like a library or certain forms of database organization. We do not wish to imply
any particular theoretical position on these issues. We are saving that long-term memory acts as
if it had such an organization and features, and that a system with such features could simulate
some features of long-term memory. We make no claim that such a system is any more than a
metaphor useful for analvsis.

~1

1. COGNITION, LEARNING, AND EDUCATION

meaning and referents relations among them and about rules, formulas, and

Tulving, 1972, pp.

algorithins.

An important distinction between episodic and semantic memory is in the
nature of the information stored in the menory systemn and the way in which
that information is organized. Episodic memory contains our memory for the
events of our lives. At a phenomenological level, the information is stored in
the form of visual or other images.* The images seem to be organized on a
temporal—spatial basis. In other words, we remember episodes in our lives
on the basis of where they happened in space and when they happened in
time (relative to other events). To dewmonstrate this to vourself, try to re-
member what vou had for dinner a week ago today. Most people tryv to
remember by figuring out when it was (¢.g., what day of the week), what
they were doing that day, and where they were that dav. Even if vou do not
remember, the process of trving illustrates important aspects of episodic
meuory. The process is illustrated more strongly if vou try to remember
what you were doing at the time of day it is now 10 years ago this day.

Semantic memory contains the knowledge we have that has heen ab-
stracted away from thie particular events that we have experienced. Semantic
memory contains the generalizations we have drawn and acquired from
experience. Semantic memory contains our knowledge of concepts, rules,
principles, generalizations, skills, and metacognitive skills. In the current
jargon of cognitive psvchology, these clements of semantic memory can be
collectively called schemata. We use schemata to give meaning to events, to
understand language, and to solve problems. For example, if on a television
show we sce two vain middle-class women conie to a party in the same outfit,
we may be able to empathize with their chagrin and to expect some rude
behavior on their part because we have generalized a rule from many situa-
tion comedics that have uscd this situation.

When we understand a particular sentence, such as Chomsky’s famous
FLYING PLANLS CAN BE DANGEROUS, we do not simply decode the sentence
and figure out its meaning. Rather, the words provide a set of signals that
activate schemata in semantic memory, and from those schemata we try to

construct a meaning for the sentence. That the meaning is in the act of
construction and not in the sentence is shown by the fact that at least two
meanings can be constructed from Chomsky’s sentence. That the meaning of
nonverbal events is similarly constructed by the observer is demonstrated by

#There has been debate in the literature about the exact nature of the storage of images in

memory. The issues in the debate are not relevant for the discussion in this chapter, and we
make no claims in this chapter about the “truc”
memory. From the phenomenological perspective of what people report about their mental

experience when they recall from episodic memory, images of some type seem to predominate.

nature of storage in episodic or semantic
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the famous goblet/faces figure developed by Gestalt psychologists. Again,
two meanings, either faces or goblets, can be constructed from the same
figure. The meaning is not in the figure, but in what we do with the figure in
our heads. As a further demonstration that meaning is an act of construction,
consider the sentence displayed after this paragraph. This can be a mean-
ingful sentence (the punctuation is removed), if you can construct the mean-
ing. Trying to figure out what the sentence means certainly demonstrates
that meaning is an act of mental construction.

Sentence: THAT THAT 1S IS THAT THAT IS NOT IS NOT
THAT THAT IS IS NOT THAT THAT IS NOT THAT THAT
IS NOT IS NOT THAT THAT IS.

Schemata and Long-Term Semantic Memory. The concept of schemata
is an important and common one in current cognitive psychology. Long-
term semantic memory is thought to consist of a network of schemata. A
network consists of elements called nodes joined by connections or associa-
tions. A network can be represented graphically as in Fig. 2. The lines
represent the connections or associations, and the places where they inter-
sect are the nodes. In the current conception of cognitive psychology, the
nodes in the semantic network are schemata and the lines are associations
among schemata. This idea differs in two major ways from earlier associative
theories: (1) Unlike the elements in previous associative theories, which
were static internal responses to stimulation, schemata are conceived of as
active dynamic entities which are able to transform incoming stimulation
into more than is presented and to fill in missing details. (2) The connections
among schemata are differentiated into varying types. This latter feature

property of

Vertebrates
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~

xm_u:_mw
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FIG. 2. A portion of semantic memory.
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allows information about superordinate, coordinate, subordinate, and ease
relationships among schemata to be easily represented in the network, The
remaining chapters make extensive use of the concept of schemata and
explicate its meaning and instructional utility.

4. The Executive

The executive is that component of our memory system that keeps track of
what information is being processed and controls the flow of processing to
determine which activities occur and which processing components receive
system resources. The executive is conceptualized much as an operating
system’s program is conceptualized in a computer system. Both large-scale
mainframe computer systems and small microcomputers typically have a
component called the operating system. The operating system is a program
that operates in the background while some other program or programs are
running (being used). The operating system keeps track of what each pro-
gram is doing, and when it needs to use some system resonrce such as a disk
drive or printer, the operating system intervenes and controls the allocation
and interface between the program and the resource. What an operating
system does is determined by a pattern of priorities programmed by the
system designers. In a large-scale mainframe computer system, for example,
when two programs want to print something at the same time, the program
with a higher priority code gets the printer first. In the human exceutive, the
pattern of priorities is determined by our motivations and goals. A good
example of how the executive changes our processing of information and
actions is provided by the contrast between the behavior of a person who
trips while carrying nothing and a parent who trips while carrying a child.
The person carrying nothing flings out his/her limbs to break the fall. The
parent moves to protect the child. The child-protection priority is greater
than the self-protection priority in this case. It is important to realize that the
executive is not conceived as a homunculus, a little human inside the head.
Rather, it is a relatively simple control routine that makes decisions in a
relatively mechanical way.

5. The Output Buffers

Output buffers are a somewhat speculative component of the processing
system. We have included them to handle the fact that well-learned skills
can operate without much conscious attention. This process is called auto-
matization (Anderson, 1980; Schneider & Shiffrin, 1977: Shiffrin & Schnei-
der, 1977). An experiment by Spelke, ITirst, and Neisser (1976) illustrates
automatization. Undergraduates given the task of reading intently and also
copying words dictated to them at first found that task very difficult. With 6
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weeks of practice, they were doing the task well. Their comprehension
scores on the reading were as good as when they were not copying. Surpris-
inglv, they could not remember what thev copied. The interesting point is
that with practice, the copying task hecame automatic and conld be carried
out without attention. Driving and learning to ride a bicvele provide com-
mon examples of automatization. When we first learn to drive or ride, doing
the act occupies all our attention. After months of practice however, we
arry out many other tasks while driving or riding and sometimes can drive
for Tong distances without much memory of the intervening road.

. THE FLOW OF INFORMATION DURING LEARNING

In order to understand how these components work together during learn-
ing and information processing, let us trace how the system might operate
while engaged in an act of learning. This discussion is speculative and hypo-
thetical, but it gives you an idea of how cognitive psychologists use these ideas
about our cognitive system to explain learning and remembering.

Assume that the student is engaged in learning a list of sentences such as:
THE DOCGTOR MOPPED UP THE FLOOR. This sentence is part of a list of 20
such sentences. The student’s task is to memorize the sentences so that
he/she is able to recall the subject noun when given the predicate. All of the
subject nouns refer to occupations of people, so it is a somewhat difficult
task. The sentences are presented one at a time on a computer screen for 6
scconds. The aforementioned sentence is flashed on the sereen. The sen-
tence enters the visnal sensory register. The student is still attending to and
thinking about the previous sentence, so the item is not attended to for 10
milliscconds. Processing of the previous item concludes 10 milliseconds after
the doctor sentence is flashed on the screen, and the student begins to
attend to the doctor sentence in the visual sensory register. (Because the
item stays on the screen for 6 seconds, the operation of the visual sensory

register is not critical in this example.)

By attending to the sentence, the student forms a representation of it in
the short-term store. This initial representation is probably based upon its
perceptual features. The student uses perceptual schemata in long-term
semantic memory to recognize the individual words of the sentence. This
process changes the representation in short-term memory into a more lin-
guistic than perceptual representation. The student begins to use meaning
schemata in long-terin semantic memory to construct meaning for the sen-
tence. This process changes the representation to the direct and surface
meaning of the sentence (a doctor moving a mop over a floor).

Because the student knows that sentence is to be remembered, he/she may
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try to claborate upon and visualize the action of the sentence and a plausible
context from it. The student may use world-knowledge schemata in long-term
semantic memory to imagine a rural doctor discovering a man badly mauled
by abear. The doctor rushes to his cabin with the patient, operates successfiil-
lv on his kitchen table, but must mop the floor because no orderly is present
(of course many other plansible scenarios can be constructed).

As this claboration is going on, the student begins to form an image in
episodic memory of the claborated sentence. For example, the image may be
something like “1 experienced this sentence inan experiment on this day. The
sentenee came after the sentence about the shepherd.” When the test comes.
the learner is presented with the test probe: T MOPPED UP
THE FLOOR. This test probe is represented in short-term niemory, is pro-

cessed so as to reach a level of meaning, and activates the image in episodic
memory. The response, “pDocror.” is generated from that image. The re-
sponse is entered into the ontput buffer, and the highly overlearned and
automatic skill of writing is activated. The skill takes the response from the
output buffer and uses it to generate a handwritten response. The student
does not attend to the action of handwriting, hut instead is thinking about the

responsc to the previous question that he/she could not remember.

THE PURPOSE OF THE SCENARIO

What are the central features that are important about this scenario for
understanding the learning process and what education needs to do to facili-
tate the process? It seems to us that there are several important features of
the process.

1. Information to be learned must be attended to.

2. Information to be learned is processed through a series of stages into
more complex forms.

3. The representation formed by the student of the information is deter-
mined both by the information itself (bottom-up processing) and by the
previous general schemata of the student (top-down processing). This means
that what a student acquires from instruction is determined as much by what
the student already knows as by the nature of the instruction.

4. Using previous knowledge to claborate upon the presented informa-
tion facilitates its transfer into long-term memory. This latter point is very
important. As you will see in this volume, most of the chapter authors
believe that what the student already knows is an important determinant of
subsequent learning. When the student relates new information to old infor-
mation already in long-term memory, the student is more likely to learn and
remember the new information. In addition, the way in which the student
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processes the new information determines the nature of the representation
formed in memory and the way in which the new information can be used.

. THE NATURE OF MODELS IN THE COGNITIVE
INFORMATION-PROCESSING APPROACH

The goal of the cognitive information-processing approach is to develop

models of the specific processes that control the learning and the use of

knowledge. One difference between the CIP approach and previous ap-
proaches is that the CIP approach attempts to develop very specific and
precise models. Often such models are developed in the form of a computer
program that attempts to simulate the behavior of humans doing the same
task that the model is programmed to do. Even if the model is not pro-
grammed on a computer, it is described in such a way as to be theoretically
programmable on a conceptual computer. By conceptual computer is meant
a computer that would function computationally like current actual comput-
ers, but would have greater capabilities than can be technologically con-
structed at present (e.g., the conceptual computer would be assumed to
have more memory or greater processing speed).

In this kind of model, it is assumed that even though the biological and
electronic implementations of a conceptual process are physically different,
they are computationally equivalent. For example, even though the biolog-
ical processes that allow a human brain to see and recognize objects are
physically different from the electronic processes that might allow a comput-
er to see and recognize objects, the description of the two processes in terms
of the computations performed would be the same.

The word computation requires description. In the sense we use it here, it
refers to a description of the processes a computer would use to carry out an
activity. These processes might include arithmetic computations, but they
could also include comparison, moving of bits of information, and branching
processes. A computer should be thought about as a symbol-manipulation
system rather than a calculation device. A computational description is usu-
ally carried out to a systems-analysis or a programming level. It is usually not
carried out to a level of description of thie underlying electronics or even
assembly language.

To make clear what is mecant by a computational description, consider a
systems-analytic description (flow chart) of how a computer proofreader
might determine if a word in text is spelled correctly or not. In the flow chart
in Fig. 3, the “word” is entered into a processing area, then compared with
an internal dictionary, if the word is present, then it is assumed to be spelled
correctly; if the word is not present, it is assumed to be spelled incorrectly.

1. COGNITION, LEARNING, AND EDUCATION 13

Read Text Increment Find nth Word
START > File Into |~ Counter || (Character
Memory n” string bounded

by spaces or
punctuation

Y marks.)
sToP =
Match
y
Compare _
nth Word to kth ncrement

Counter

:_A:

Dictionary
Word

Mark
Word as  |reS c.m:.m of
Misspelling _Q_M:QQ

FIG. 3. How a computer proofreader might operate.

What separates the psychology of cognition from the computer science pro-
gramming of computers to carry out activities is the emphasis that each of
the processes identified in a computational description must be subject to
independent empirical measurement and experimental verification in hu-
mans. In other words, if as a psychologist I described a particular internal
process as part of a description of problem solving, I have a responsibility to
specify ways of measuring the process independently of the other processes I
describe (Anderson, 1980, 1985; Calfee, 1976). (The preceding description of
the spelling checker would not meet these criteria and is not a model of
human spelling checking.)

IV. AN ALTERNATIVE VIEW OF THE COGNITIVE SYSTEM

In 1972, Craik and Lockhart proposed an alternative model to the Atkin-
son=Shiffrin multicomponent model of the aforementioned cognitive Sys-
tem. What Craik and Lockhart suggested was that the various parts of the
memory system described (sensory register, short-term store, ete.) did not
exist. Rather, they proposed that the phenomena that seemed to support the
existence of such mental components could be accounted for more par-
simoniously if it was assumed that the result of different kinds of processing
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was differentially memorable. They assumed that onr cognitive system be-
gins to process a picce of information from the time it i reccived at sensory
receptors. Each step in the processing yields a transformed picee of informa-
tion. Each transformed piece of information can be remembered more casily
than the previous transformation.

To make this clear, let us work through an example. Suppose a word is
flashed on a screen and a student perceives it. The first stage of perceptual-
cognitive processing would be to break the letter down into its basic shapes:
lines, curves, overall pattern, cte. Thus, the original stimulus is transtormed
into a stimulus that consists now of a patterns of lines, curves, ete. Let us call
this pattern Output I; Output 1 serves as the inpnt into the next stage of
processing. This second stage of processing constructs letters from the input
of the first stage of processing. It makes use of orthographic regularitics such
as the spatial-frequency redundaney patterns of letters in English in order to
do so. The second stage vields, as Qutput 2, a pattern consisting of a visnal
internal representation of the letters of the word. The third stage of process-
ing combines these letters into a word and may activate an acousti «al pattern
of information. Let us call this third transformned pattern Queput 3. Output 3
is analyzed by semantic processes and yields a surface meaning for the word,
for example dog. This is Qutput 4. Output 4 can he analyzed and elaborated
upon further: the student may imagine a particular dog—a Lassic-like collie,
licking a small blond boy’s face. This could be Qutput 5. Output 5 could be
further elaborated into a complete story; for example, how did the dog come
to be licking the boy’s face?

The point made by Craik and Lockhart is that each stage of the output
would be easier to remember than previous stages. Output 2 would be easicr
to remember than Output 1; Outpnt 3 than Output 2; Output 4 than Output
3; and so on. They called this approach the levels-of-processing (sometimes
called depth-of-processing) model. The levels-of-processing model predicts
that material processed to deeper (more semantic and elaborated levels) will
be remembered more casily. The levels-of-processing model has developed
a wide following, and it has been applied to a variety of applicd research
areas (Revnolds & Flagg, 1983). Reynolds and Flagg (1983) provide an cval-
uative comparison of these alternative models.

While the distinction between the models is important from a theoretical
psvchological perspective, from an educational perspective both models
make similar predictions with regard to educationally useful activities. In
both the multicomponent and the levels-of-processing models, the activity
the student uses to encode and claborate on presented information influ-
ences both the likelihood that the information will be remembered and the
situations in which the information will be remembered. Both models argue
that increases in the extent to which the student processes information for
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meaning, relates imformation to previously stored information, and elabo-
rates upon the information (such as fitting the word dog into a Lassie-type
story) will lead to increases in learning and retention. Edncational activities
that promote inereased semantic and claborative processing should facilitate
learning.

V. LEARNING AND COGNITION

The general cognitive model described in this chapter emerged out of the
work in experimental psychology ou simple verbal learning paradigms and
work in understanding language, problem solving, and other complex intel-
lectual tasks. Since the early 1960s, work within this general perspeetive has
focused on deseribing the cognitive proeesses of adults who had already
acquired major concepts, skills, and abilities. In the area of language use., for
example, the major thrust has been to deseribe the cognitive systems that
snpport langnage use in the mature adult who already knows langnage. Less
emphasis has been placed on deseribing how the semantic knowledge that
supports language use was acquired in the first place. Cognitive psychology
tocused on the description of ongoing cognitive processes, not on the dac-
quisition of those processes. [appily, this sitnation has been changing over
the last several vears. Considerably more attention has been devoted to how
cognitive processes are acqnired and develop. This renewed attention to
learning is typificd by the work of J. Anderson and others on the acquisition
of cognitive skills (c.g., Anderson, 1981), R. Anderson and others on the
acquisition of knowledge (e.g., Anderson, Spiro, & Montague, 1977), Sicgler
on conceptual development (1980), Mayer and others on the development of
problem-solving skills (Maver, 1980), as well as the work of many other
contemporary researchers. This ehange in emphasis is important rc‘.::mm it
makes the relationship between cognitive psychology and educational prac-
tice more apparent.

VI THE EDUCATIONAL UTILITY OF CURRENT
APPROACHES TO COGNITIVE PSYCHOLOGY

What is the value of the general information-processing approach to cog-
nitive psychology for educational practice? Unlike models of behavior that
were developed carlier such as Skinnerian behaviorism, CIP psychology is
just beginning to lead to effective technologies for dealing with _E.A:Q._r:.
educational problems. We believe that the general approach has many
important implications for education. ,
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1. The general approach provides educators with a way of describing goals
that goes beyond mere changes in behavior. Rather, the CIP approach
suggests that the goals of education are to make changes in the cognitive
structures (schemata) of students. Schools attempt to produce in students
cognitive structures that provide them with socially common knowledge and
ways of analyzing and dealing with problems. Calfee (1981) expressed it in
this way:

“A theory of the educated mind.” How does schooling aftect the mind? In considering
this question, let us assume a conventional notion of the school as a formal setting in
which teachers present classical academics across a broad array of curriculum

domains.
Here is an answer that may at first seem overly simple, but which actually pos-

sesses great power: The eflect of schooling is to create a set of well-organized mental
structures that parallel the various curriculm programs, both those that are named
(literacy, mathematics, science, physical education) and those that are implicit (sel{-
discipline, responsibility, courtesy, competitiveness . . .). Thus, students who have
been taught to read become the possessers of a complex “frame.” if you will, which
provides them culturally designed and sanctioned tools [italics added] for handling a
set of tasks that are important for the society and for the individual. (p. 33)

Calfee goes on to argue that CIP psychology gives us a new and better set of
tools for analyzing the mind of the student, the mind of the teacher, and the
mind of the administrator. Such analysis can lead to a better understanding
of the roles and tasks of students, teachers, and administrators and how to
improve their functioning.

2. CIP psychology attempts to develop a more precise and detailed de-
scription of the mental processes of students as they carry out tasks. Such
descriptions can lead to better specification of educational objectives; work
by Greeno (1976) and Resnick (1976) on the cognitive objectives of education
points in this direction.

3. Better and more precise description of student activities while they are
doing meaningful tasks can lead to more effective procedures for testing and
for description of students with typical and special abilities. Psychological
testing in education has been primarily atheoretical, and scores even on
diagnostic tests represent gross and undifferentiated descriptions of the abil-
ity of the student. We believe that the methodologies used for the analysis of
cognitive events can also be used for the better analysis of individual pat-
terns of ability. Recent work on the diagnosis of reading comprehension
difficulties (e.g., Palincsar and Brown, 1984) illustrates this development.

4. Analysis of the relationship between existing knowledge and new
learning may lead to the development of improved technologies for instruc-
tional design. A good example is the work of Mayer (1980), which shows how
a metaphorical representation can facilitate the learning of problem-solving
skills in computer programming.
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These four examples of possible implications of the CIP model for educa-
tion provide the flavor of the potentialities that exist, but do not exhaust the
possibilities. We believe that the general CIP theoretical perspective offers
education a model at least as productive and nseful as the behavioral model
has offered education. Just as in the mid-1950s, when the educational ramifi-
cations of the behavioral model were just being to be explored, the implica-
tions and possibilities of the CIP model are just beginning to _vamxc_cqom and
developed. In our view, the future of the CIP model-—educational practice
relationship is now as bright as that of the behavioral model in 1955, We look
forward to an exciting future. o

VII. THE CIP MODEL AND THE PLAN OF THIS BOOK

One major purpose of this volume is to provide graduate students in
educational psychology and all its subfields (school psychology, instructional
@.mv\orc_cn.ﬁ instructional design, etc.) and E.mm:z?.. students and practi-
tioners in education with a comprehensive overview of the CIP model and
its implications for education. This volume was organized around the CIP
model, and its chapters provide a detailed presentation of current research
and theoretical analysis of the ideas that are sketched in this introductory
chapter. .

Chapter 2 by O'Boyle discusses the biological components of the cognitive
system and provides an overview of the research on laterality. The notion
that the right and left hemispheres of the brain function %m.m._.m::% has been
uncritically accepted by some educators, and many programs have been
developed that presumably take advantage of these differences. O’Boyle
suggests that the differences are poorly understood and that some of the
educational proposals emanating from hypothesized differences are prepos-
terous.

Chapter 3 by Grabe discusses the role of attention in the educational
process. Attention is the cognitive process that leads to the bringing of ideas
Into consciousness (STM). It involves the allocation of cognitive resources to
tasks. Grabe provides an overview of the educationally important research
on attentional processes and suggests how attention m:: be influenced in
educational settings to facilitate learning.

Chapters 4, 5, and 6, by Royer, by Kulhavy, and by Phve, deal with the
processing of information in working memory and its transfer into long-term
memory. They discuss factors that inhibit and facilitate storage in and re-
trieval from long-term memory. Royer focuses on the way in which knowl-
m.mm@ is stored in long-term memory and presents an alternative that is
similar to, but different from, models based upon computer metaphors. He
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applies his idcas to the measnrement of reading comprehension. Kulhavy
deals with the ideca of schemata and the instrnetional factors which influence
the encoding of information into cognitive structure. Ile disensses ways to
improve the acqnisition of knowledge from connected discourse. Phye dis-
cusses the roles of practice and informative feedback in the acquisition of
skilled classroom performance. Following a review of models of skill devel-
opment, the effects of timing, drill, and distribution of effort on practice are
deseribed. The role of feedback in the development of classroom skills is
considered within the context of error analysis and error type.

Chapters 7-9. by Andre, Duell, and Snowman, respectively, deal with
the nature of knowledge in long-term memory. Andre focuses on the devel-
opment of schemata that are usually called concepts, principles, and prob-
lem-solving skills. 1le argues that these are essentially similar in the way
they are stored in semantic memory, and he provides a model for designing
instruction to facilitate their development. Duell and Snowman deal with a
class of intellectual skills that are commonly called metacognitive learning
skills or learning strategics. Such skills or strategics represent knowledge the
student has about how to learn. They imclude knowledge about how to
allocate resources and organize study as well as knowledge about particular
mental activities to perform in particular learning situations. Duell discusses
the development of such skills in children and pays particular attention to
the development of skills necessary to comprehend and learn from language.
Snowman focuses more on the skills nsed by adults (high school, college
student, and older students) and discusses rescarch on the effectiveness of
particular learning techniques. These two chapters represent a particularly
important thrust in current cognitive instructional psyvchology. There is a
great emphasis on using cognitive psvchology to produce better students as
well as better instructional materials.

Chapter 10, by Lunzer, provides a bridge between traditional cognitive
psychology and the CIP perspective. Lunzer reviews the general Plagetian
model of cognitive change and points out its strengths and shortcomings. He
provides a developmental context for a discussion of learning and the mecha-
nisms of change. This concluding chapter provides a metatheoretical frame-
work that previous chapters have, to differing extents, addressed. The final
section of Chapter 10 provides a tentative model of CIP that acconnts for
learning and the mechanisms of change.
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HEMISPHERIC LATERALITY AS A
BASIS OF LEARNING: WHAT WE
KNOW AND DON'T KNOW

Michael W. O’'Boyle

Department of Psychology
lowa State University
Ames, lowa 50011

[. INTRODUCTION

One need only flick on the television set or skim a selection of current
periodicals to get an idea of the popularity enjoved by the topic of left brain—
right brain differences. At present, it is quite chic in most advertising and
educational circles to consider the left cerebral hemisphere (ILH) as “verbal,
analytic and dominant” while the right cerebral hemisphere (RIT) is thought
to be “artistic but mute and totally mysterious” (Pines, 1973). Over-
simplification has always been a danger in the popular press; however, the
extent of misinformation reported about brain laterality and the processing
specializations of each hemisphere is staggering. Claims of dual con-
sciousness or two separate persons competing inside the same head far
exceed what we actually know about the two halves of the brain.

Unfortunately, the notoricty given to brain laterality has come to exert
considerable social pressure on the educational community. Such pressure
has influenced some schools to redesign teaching methods and testing pro-
cedures in an etort to capitalize on these presumed hemispheric specialties
(Hardyck & Haapanen, 1979). Critics charge that our edueational system,
whicli places heavy emphasis on verbal and analvtic skills, is solelv attending
to the left half of the brain while neglecting the right half. Appeals for whole-
brain curricula are increasing, and fear is ever mounting that teachers may
inadvertently be stifling ereativity by failing to educate the RH (Bogen,
1975, 1977; Samples, 1975; Torrance, 1981). In order to avoid this danger,
right brain—left brain proponents insist on scrapping a large portion of edu-
cational practice in favor of a more hemisphere-based curricullum—one
which is more in tune with the unique processing capabilities of both cere-
bral hemispheres. According to these critics, the utilization of such a strat-
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cgy would eftectively eliminate the potential for lopsided cognitive develop-
ment.

Before making drastic changes in the school svstem, however, it seems
wise to scrutinize the research literature to determine if claims about left
brain—right brain differences have a solid seientific basis. Without an ade-
quately established database, sweeping curriculum changes do not merit
implementation.

The present chapter (1) briefly looks at the anatomical and historical pre-
cedence for left—right differences, (2) selectively reviews and critiques the
hemispherie-specialization literature involving unilateral brain-damaged,
split-brain, and normal populations, and (3) attempts to assess the implica-
tions and applications such findings may have for laterality as a basis of
learning and cducational practice.

I, ASYMMETRY IN THE MIDST OF SYMMETRY

At first glance, the human body scems quite balanced and symmetrical.
We possess two arms, two legs, two cyves, two ears, and, interestingly, two
cerebral hemispheres (two ostensibly symmetrical halves of the human
brain). Each of the hemispheres is linked by several interconnecting fibers
known as commissures, whose primary function is to relay information be-
tween the two halves of the brain. The most prominent of these pathways is
the corpus callosum (see Fig. 1).

Despite this apparent hodily symmetry, there do exist several pronounced
asymmetrics, for instance, hand dominance. When greeting a friend by
patting him on the back or threatening an enemy by waving our fist, most of
us will use our right hand, though some are prone to using the left. Such
hand preference is primarily genetic in origin (Carter-Saltzman, 1980; Levy
& Nagylaki, 1972) and is demonstrated in various manipulospatial skills,
from throwing a baseball to writing a letter or painting a picture. In addition,
vmmetries which arc equally pronounced, though

there are several other a
less readily observed. For example, since the time of the ancient Greeks, it
has been known that in females the two breasts are not quite identical in
size, with the right one being slightly larger than the left (Bradshaw &
Nettleton, 1983). Also, in males, the right testicle is situated slightly higher
than the left, is larger in size, weighs more, and exceeds its counterpart in
protein and DNA content (McManus, 1976). Morcover, rescarchers have
recently pinpointed the existence of a small but reliable asymmetry in the
incidence of tumors in bilateral organs (e.g., kidneys, adrenal glands, and
ovaries) with the left being the predominantly affected (Robin & Shortridge,
1979)
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FIG. 1. Two views of the cerebral hemispheres and the corpus callosum. (Reprinted by
permission from Lindsay and Norman, Human Information Processing, p. 442, Academic
Press, 1977.)

In addition to these anatomical asymmetries, various cultures throughout
history have emphasized a more mythological aspect to left—right dif-
ferences. Since primitive times, the right has been regarded as the side of
gods and life, while the left is considered the side of demons and death
(Hertz, 1909, as cited in Bradshaw & Nettleton, 1983). Even in the Bible,
there is evidence of a spiritual distinction between the two, with the



24 MICHAEL W. O'BOYLE

“blessed” usually seated at the right hand of God (Matthew 22:44, 25:33—
34). To this day, some believe that left-handedness is associated with a
socially deviant personality (Hardyck & Petrinovich, 1977)—a carryover,
perhaps, from this earlier biblical thinking.

. MORPHOLOGICAL DIFFERENCES
BETWEEN THE LEFT AND RIGHT HEMISPHERES

Given these anatomical and historical antecedents for differences between
left and right, researchers in the neurosciences began to ask questions con-
cerning the possibility of morphological asymmetries in the human brain.
Specifically, were there verifiable structural differences between the left and
right hemispheres, and if so, what impact do they have on mental operations?

Initially, the two cerebral hemispheres were thought to be mirror images
of one another, identical in every way. In fact, any deviance from symmetry
(be it chemical, electrical, or structural) was regarded as a neurological
abnormality (Springer & Deutsch, 1985). Recent research, however, has
done much to dispel the notion of symmetrical hemispheres, identifying
several anatomical differences between the two. For example, it is now
believed that the right hemisphere weighs more than the left (I.eMay,
1976)—a finding which dovetails nicely with the fact that on the average,
more tissue composes the right than the left hemisphere (Whitaker &
Ojemann, 1977). Moreover, it was originally believed that the length and
width of the two hemispheres were essentially equal. It is now known,
however, that the frontal pole and the central portion of the right hemi-
sphere tend to be wider, extending further forward than the left (Chui &
Damasio, 1980). Contrastingly, the left oceipital pole is wider and protrudes
more to the rear than does the right (Rubens, 1977). These size and posi-
tional relationships between the two hemispheres are summarized suc-
cinctly by Bradshaw and Nettleton (1983) as giving the brain a “counter-
clockwise torque” (p. 24).

Other components which have been found to be asymmetrically repre-
sented in the human brain are the Sylvian fissure and the plenum temporale.
The Sylvian fissure is a cortical fold which separates the temporal and par-
ietal lobes of the brain. This crease is known to be longer on the left than the
right (Cunningham, 1892). Similarly, the plenum temporale is an area of the
brain located in the temporaparietal region of the association cortex, which is
thought to be intimately involved in language-related functions. When ex-
amining a large number of postmortem brains, Geschwind and Levitsky
(1968) found that in 65% of the cases this region was larger on the left and in
11% this area was larger on the right, whereas the remainder were not
readily distinguishable.
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V. LEFT HEMISPHERE-RIGHT HEMISPHERE
SPECIALIZATION
IN COGNITIVE FUNCTIONING

As suggested by the aforementioned morphological differences, it appears
that the two halves of the brain are not structurally identical. An important
question remains, however: “Might not these anatomical asymmetrics re-
flect specialization of the hemispheres for specific cognitive functions?” Ex-
tensive rescarch has been conducted on three different subject populations
in an effort to answer this question. Generally speaking, these studies at-
tempt to determine what mental faculties are impaired or altered when
subjects have (1) suffered a lesion or some form of tissue deterioration in one
but not the other hemisphere (i.e., unilateral brain-damaged patients),
(2) undergone surgical sectioning of the corpus callosum, leaving cach of the
hemispheres intact but unable to communicate with one another (i.e., “split-
brain” patients), and (3) had no neurological impairment, but information is
presented to them in such a way as to require either the LH or the RH to
initiate processing {(e.g., stimuli presented to the eye, ear, or hand on one
side of the body are processed [at least initially] by the hemisphere on the
opposite side).

The logic involved in these studies is to test each hemisphere’s cognitive
abilities in relative isolation and subsequently to identify some processes for
which they may be uniquely specialized. A selective review of rescarch
involving each of the three groups follows.

A. EVIDENCE FROM UNILATERAL BRAIN-DAMAGED PATIENTS

Some evidence in support of a functional specialization of the hemispheres
comes from studies involving unilateral brain-damaged patients. In these
studies, individuals who have experienced some form of cerebral injury to
one or the other hemisphere are examined for subsequent deficiencies in
cognitive processing. As early as the nineteenth century, such examinations
have revealed that language disorders (called aphasias) are more frequent
and generally occur with greater severity when the injury is located in the
left rather than the right hemisphere (Broca, 1865, as cited in 1lellige,
1980a; Dax, 1836, as cited in Springer & Deutsch, 1985; and Wernicke,
1874, as cited in Benson, 1979). For example, both Broca’s and Wernicke's
aphasias (disorders involving speech production and comprehension deficits,
respectively) occur almost exclusively as a result of damage to specific areas
in the left hemiphere. Injury to identical locations in the right hemisphere
alone only rarely produces either of these impairments (Benson, 1979; Car-
amazza & Martin, 1983). Conversely, performance deficits observed in tasks
requiring visuospatial skills (e.g., face recognition, block design, finger
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mazes, and picture memory) are more likely to occur as a consequence of
right rather than left iemisphere damage (DeRenzi, Faglioni, & Spinnler,
1968; Kimura, 1961; Milner, 1968, 1971). This verbal-visuospatial process-
ing dichotomy, though somewhat oversimplified, has proven to be a popular
framework for conceptualizing left—right differences in human brain func-
tioning—typically Hnking most language-related functions to the left hemi-
sphere and most spatial abilitics to the right.

B. Crimcisms OF THE UNILATERAL BRAIN-DAMAGE STUDIES

That such a processing dichotomy is present in unilaterally brain-damaged
patients is seemingly well established. However, are these findings on firm
scientitic ground, and if so, how accurately do thev describe brain functions
in neurologically normal individuals? Just how confident can we be that such
hemispheric specialties are similarly lateralized in our students?

Despite the intuitive appeal and apparent support for a verbal-visu-
ospatial processing dichotomy, several problems of interpretation arise when
we attempt to attribute exclusive processing skills to onc or the other hemi-
sphere Dby juxtaposing the performance of left-rain-damaged patients
against that of right-brain-damaged patients. First, even with recent ad-
vances in electronic brain scanning techniques (computerized axial tomogra-
phy or CAT scans and positron emission tomography or PET scans), it re-
mains a difficult task to determine the exaet location and the extent of
damage in either the right or the lett hemisphere of these patients. This
makes for serious difficulties in comparing the perforiance of cach group on
specific tasks, rendering conclusions about left hemisphere-right hemi-
sphere advantages quite hazardous and perhaps misleading.

Second, in these patients, the source of the damage is oftentimes surgical
intervention performed to correct some neurological disorder. In such in-
stances, it is next to impossible to equate cach of the patients” presurgery
history. Pathology-related drug use and the ctiology of the cerebral infirmity
are likely to vary extensively from patient to patient, resulting in a set of
individuals who on the surface appcear quite similar (to the extent that they
are all diagnosed as brain-damaged) but are only tangentially related with
regard to other important psychological variables. Such presurgery charac-
teristics may have a marked effect on hemispheric performance in a variety
of postoperative tasks.

Finally and perhaps most importantly, one must be intimately aware of
the fact that the substance of the conclusions drawn from research on uni-
laterally brain-damaged patients only addresses the issue of what the re-
maining tissue can do, not what it does do during norial finctioning in the
intact brain. Hence, the findings concerning left—right processing dif-
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ferences in brain-damaged patients are not necessarily representative
hemispherie processing in our students.

V. EVIDENCE FROM ““SPLIT-BRAIN’"" RESEARCH

Additional evidence in support of a left hrain—right brain specialization in
cognitive functioning comes from what are contmonly known as the “split-
brain” studics. Initiated by Nobel Prize winner Dr. Roger Sperry at the
California Institute of Technology, they are perhaps the most publicized
rescarch demonstrating the unique processing capacities of each cerebral
hemisphere. In these studies, patients who have had their corpus callosum
(see Figure 1) cut to reduce the severity of epileptic sciznre are subjected to
rigorous postoperative testing (for a detailed description of the actual sur-
gical procedures utilized in splitting the brain see Gazzaniga, 1970, chapter
2, pp. 5-13). The effect of this operation is to disrupt the normal exchange of
information between the right and left hemispheres, leaving only con-
tralateral input for subsequent cognitive processing (i.c.. as illustrated in
Fig. 2, a signal presented to the left side is processed by the right hemi-
sphere while one presented to the right side is analyzed by the left hemi-
sphere). These lateralized processing responsibilities hold true for most per-
ceptual modalities including vision, audition, and touch (Gazzaniga, Bogen,
& Sperry, 1962).

Notably, the experiments perforied on these commissurotomized pa-
tients arc said to improve significantly upon the unilateral brain-damage
experiments, in that they allow for the study of two intact, though relatively
isolated and ostensibly undamaged hemispheres. 1ence, several of the crit-
icisius levied against the unilateral brain-damage studies are, for the most
part, circumvented by the split-brain studies.

The results of this particular research program suggest the following with
regard to left brain—right brain processing differences: (1) the left hemi-
sphere in the split-brain patient is quite proficient in most language-related
functions. These individuals are able to produce verbal and written re-
sponses to objects or words presented to the right visual field, and they can
accurately retrieve with their right hand items which have been named,
described, or defined by the experimenter, and (2) mathematical procedures
like addition, multiplication, and division pose 1o particular problem (Levy,
1974; Nebes, 1974).

With regard to right-hemispliere capacities, the initial evidence indicated
that it possessed little or no language-related  abilities. The  com-
missurotomized subjects were unable to name, verbally or in writing, any
words seen in the left visual ficld or any objects felt with the left hand
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FIG. 2. Information presented to one side of the body is proc
tralateral hemisphere. (Reprinted by permission from Lindsay and Norman, Human Informa-
tion Processing, p. 443, Academic Press, 1977.)

(Gazzaniga, Bogen, & Sperry, 1962, 1965, 1967). This deficit occurred de-
spite the fact that the right hemisphere did indeed perceive and com-
prchend the requests as demonstrated by the ability to use nonverbal re-
sponse modes to easily solve the task (i. c., patients could retrieve or point to
the target object using the left hand but were unable to name the object
aloud). In light of these results, researchers concluded that the “speech
center” and perhaps all language-related functions were located in the left
rather than the right hemisphere. There is, however, a considerable amount
of research indicating that we have grossly underestimated the contribution
of the RH to language processing (Searleman, 1977; Zaidel, 1978), particu-
larly with regard to the verbal expression of anger and elation (Ross, 1982).

There also exist several other higher level mental processes which demon-
strate lateralized locus of control in the split-brain patients. One such faculty
is emotion. In the commissurotomized patients, appropriate emotional ex-
pressions arc readily observed for both hemispheres. Sperry (1968) reports
on a study in which a slide of a nude “pinup” was inserted by surprise into a
set of neutral geometric figures. The subject’s task was to verbally identify
the stimulus presented. In this experiment, an interesting emotional re-
sponse was observed, particularly when the pinup was flashed to the left
visual field—right hemisphere (LVF-RH). In this instance, the subject
would verbally report that she had seen nothing or just a flash of light.
However, the patient was observed to be blushing and wearing a sneaky
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grin, and she proceeded to giggle over the course of the next several trials.
Such behavior seemed to belie the verbal response. When the patient was
asked, “What's all the grinning about?” the conversant LI provided a con-
fabulated verbal response, which clearly demonstrated that it had no precise
idea as to what the RII had observed (i.e., the LII would say something like,
“Oh, you guys have a funny machine”). Such a response probably reflects
the LH's perception of a change in facial musculature to a smile and/or the
sound of the giggle rather than the content of the slide presentation per se.
When the slide was presented to the right visual field—left hemisphere
(RVF-LII), this patient would readily report verbally that she had indeed
seen the pinup and subsequently would respond in a similar emotional
fashion.

In addition, other investigators report that the RH often demonstrates
various reactions of displeasure during experimental study. Such claims are
based on observations of frowning, wincing, and head shaking by the R for
instances in which the RIT knows the correct answer but cannot speak it, and
in fact, the RH appears disgusted when it hears the LH provide an obvious
verbal mistake (Gazzaniga, 1970; Gazzaniga & LeDoux, 1978; Sperry, 1966,
1968). As Sperry (1968) suggests, perhaps the RH is expressing a “genuine
annoyance at the erroneous vocal responses of its better half” (p. 723).

One of the more intriguing questions associated with higher cognitive
processes in commissurotomized patients is the possibility that the mecha-
nisms responsible for human conscious experience may be doubly repre-
sented after brain bisection—that is, exhibiting a split-consciousness (Sper-
ry, 1966). The aforementioned emotional expressions seem to be indicative
of an RH which is indeed a “second conscious entity that is characteristically
human and runs along in parallel with the dominant stream of consciousness
in the major hemisphere (LII)” (Sperry, 1968, p. 732).

Gazzaniga and LeDoux (1978) have conducted several experiments in an
attempt to substantiate this claim. Early on, they developed a methodology
in which pictures of common objects were laterally presented to the mute
RH of a rather unique split-brain patient (unique because preliminary test-
ing indicated that he possessed some RH language ability). In these studies,
the patient’s task was to name the object presented by arranging letters into
an identifying word. Gazzaniga and LeDoux believed that this experimental
situation would provide the opportunity to assess whether or not the RIT was
capable of independently demonstrating properties of human consciousness.
The procedure for testing this possibility is as follows.

First, a series of questions were formulated and subsequently presented
to eithev the left or the right hemisphere. Exclusive presentation of these
questions was assured by verbally stating the sentence except for the dele-
tion ofa “key word,” which was replaced by the word blank. The specific kev
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word for a given trial was then flashed very briefly to cither the LVF-RIT or
the RVF—L11 and the subject’s task was to spell his answer nsing several sets
of Scrabble® letters. This response was to be carried out by the patient's
contralateral hand (Jeft hand=RIT or right hand-LID.

sing the preceding technique, the first question asked was “Who
Dlank?” followed by the words are you laterally presented to the RIT The
patient responded by spelling his naine Paul. A sccond question asked was,
“Would vou spell vour favorite blank?” Subsequently, the key word girl was
flashed to the patient’s LVF-RIL. e responded by arranging the letters to
form the word Liz, which was indeed the name of his current female friend.
The most interesting exchange in this series of questions, however, trans-
pired when the patient was asked, “What blank would yvou like to do? (kev
word job). When the key word was presented to the RVEF-LIIL the patient
responded “draftsinan.” The result was markedly different, however, when
the question was addressed to the LVFE=RII, which spelled the term anto-
mobile race. These findings seem to suggest that the RI1is indeed a separate
conscious entitv—one which exists independently of the L.

CRITICISMS OF THE SPLIT-BRAIN RESEARCH

Despite the scemingly dramatic support for specialized diffevences be-
tween the left and right hemispheres for cognitive processing, serious prob-
lems of methodology and subsequent interpretation abound in the split-
brain studics. One such problem involves the inevitable tissue destruction
incurred as a result of the surgical procedure utilized to split the brain.
When performing a commissurotomy, one of the hemispheres (typically the
nonlinguistic one) is retracted to expose the corpus callosum for incision.
This procedure can bruise the mesial surface of that hemispheve, as well as
tear veins and arterics, which may provoke synunetrical degeneration of
brain tissue in both hemispheres. This, of course, makes comparisons he-
tween LH and RII cognitive specialties quite tenuous, as cach hemisphere
(as a result of the operation) may be damaged to differing degrees, and each
may be operating at less than fnll capacity. In addition, the incision process
itself is a delicate one. If made too deeply, it essentially punctures the roof of
the third ventricle, precipitating the release of cerebral spinal fluid, which
can create some rather serious newrological complications. I the incision is
too shallow, however, one cannot be totally sure that complete sectioning
has occurred (Whitaker, 1978). Morcover, in these split-brain operations, it
is sometimes the case that several interconnecting fibers (other than the
corpus callosum) are left intact. Instances in which the anterior commissure,
the hippocampal commissure, and/or the massa intermedia are spared may
leave open alternate means of communication hetween the left and right
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hemispheres (this in addition to the fact that the intact hrainstem can also
serve to relay information, providing ample opportunity for “cross-talk” be-
tween the two). Although the extent and the nature of the information
exchange via these alternative routes are not yvet fully understood, it scems
clear that any claim regarding total communicative isolation of the two hemi-
spheres is less than completely accurate.

An additional problem of import concerning the split-brain, is that com-
missurotomy is performed only as a last resort, typically after a prolonged
history of medication has failed to control epilepsy. Due to obvious dif-
ferences in medical and psychological background, left—right processing spe-
cializations obscrved in these patients may not provide much direct informa-
tion concerning the functions of each hemisphere in neurologically normal
individuals like our students—individuals who have never suffered through
a scizure or expericnced the serious side-cffects associated with the long-
term use of potent medication. Morcover, only a very small number of
individuals afflicted with epilepsy ever undergo this relatively drastic sur-
gical measure. Given such a limited sample size (fewer than 40 patients in
total, and usually no more than 2 or 3 involved in any given experiment), one
must question the generalizability of the observed processing asvmmetrics,
particularly when attempting to infer all normal brain processes from split-
brain performance.

The fact that only a handful of commissurotomized patients are in exis-
tence has other ramifications bevond the mere gencralizability of results.
Given the interest and popularity of left hrain—right brain processes, these
unique individuals arc in great demand for examination throughout the
world. Once secured for study. they are subjected to an exhaustive, long-
term research program involving thorough and rigorous testing. After par-
ticipation in several such sessions, the tendencey is for them to become
extremely test-wise. In fact. commissurotomized patients demonstrate un-
paralled resourcefulness when forced to solve various laboratory tasks. Re-
searchers have described several incidents in which split-brain subjects have
successtully completed various tasks via cross-cuing techniques rather than
relying on what appear to be specialized hemispheric capacities. For exam-
ple. a patient is given an object to be held out of sight in his left hand.
Typically, when asked to name the object aloud, the patient has extreme
difficulty because of the REEs inability to contact the speech center. which is
housed in the L. On at least onc occasion, however, a patient was indeed
able to verbally identify the object held in his left hand as a comb. low did
he successtully perform this task? P. J. Cox (personal communication, July
1978) reports that the patient would simply “thumb™ the teeth of the comb
producing a unique auditory cue for the LH. This bilateral information was
then utilized by the LI to make a verbal guess, i.e., “comly.” Similarly, in
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an effort to solve other tasks, split-brain patients have heen reported to drop
objects, tap them on the table and even flip them (coins in particular) above
the curtain used to hide the objects from view (P. J. Cox, personal commu-
nication, July 1978; Gazzaniga, 1970; Gazzaniga & LeDoux, 1978). Because
of this test-wise resourcctulness one must be exceedingly careful when at-
tributing processing differences in these patients to hemispheric specializa-
tion when they might casilv be the end result of some subtle interactive
cross-cuing technique.

VI, EVIDENCE FROM THE NEUROLOGICALLY NORMAL

Given the preceding rescarch review, it appears that in neurologically
impaired patients, the two halves of the human brain possess some unique
processing skills. An important question, however, remains to he answered.
Can we directly validate that such left-brain—right-brain differences are sim-
ilarly exhibited in normal individuals?

Investigation of lateral processing asymmetries in the intact brain is actu-
ally quite a difficult task. Beeause all of the interconnecting fibers remain
functional, it is impossible to examine the cognitive capabilities of each
hemisphere in total isolation. Undoubtedly, the two hemispheres engage in
extensive cross-talk (Kinshourne, 1975) and are constantly exchanging infor-
mation extracted from the environment (Moscovitch, 1979). Researchers
have attempted, however, to minimize the problem of information exchange
by studying performance on a variety of tasks as a function of which hemi-
sphere receives the stimulus input directly and hence is forced to initiate
cognitive processing. For neurologically normal subjects, stimuli presented
to ecither the left or right side of the body are initially processed con-
tralaterally (i.c., by the right and left hemispheres, respectively, as depicted
in Fig. 2). This contralateral representation holds true for the auditory,
visual (with some restrictions), and tactile modalities, though other senses
(e.g., olfaction) are processed in a more ipsilateral fashion (Carlson, 1980).

The reasoning behind the side-of-presentation approach stems from the
notion that performance should be best when the stimulus input travels
directly to the hemisphere which is thought to be specialized for the analysis
of the given information (e.g., verbal information presented directly to the
LH and spatial-nonverbal information presented directly to the RH). In
keeping with this notion, performance asymmetries may be attributed to the
loss or the possible degradation of the stimulus information as a result of
shuttling the representation from the hemisphere which receives the input
to the hemisphere specialized for processing (Kimura, 1966, 1967, 1973). It
should be noted that this side-of-presentation technique only ensures that
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the information will be initially processed by the contralateral hemisphere.
Once the information has entered the brain, there is no guarantee that all
subsequent processing is in fact completed solely by the left or the right
hemisphere. In essence, we are really evaluating the interactive perfor-
mance of the two hemispheres and their unique contributions towards suc-
cesstul completion of a given task. To illustrate by analogy, consider an
automobile factory. Although all of the component parts arrive at the same
loading dock, the assenmbly, the quality control, and the performance inspee-
tions may occur at various locations throughout the plant. Similarly, informa-
tion presented directly to one hemisphere may he initially processed at that
site, but subsequently may be sent to other locations in the brain for addi-
tional analyses.

One experimental method for investigating lateral processing asymme-
tries in the normal brain is referred to as dichotic listening. These experi-
ments involve the simultancous presentation of different auditory stimuli to
the right and left ears. In this situation, input from cach ear projects directly
to the contralateral hemisphere (Milner, Taylor, & Sperry, 1968; Rosen-
zwieg, 1951). For example, by using stereo headphones, the digit nine is
presented to the left car/RIT and the digit five is simultaneously presented to
the right ear—-LH. In a given experiment, several such stimulus pairs would
be presented in rapid succession and the subject’s task is to verbally recall as
many of the digits as possible. In such studies, rescarchers have found that
neurologically normal subjects tend to report more digits (Kimura, 1967) as
well as more syllables (Ilellige & Wong, 1983), words (McGlone & David-
son, 1973), and sentences (Zurif, 1974) when they are presented to the right
ear and hence directly to the “linguistic” LII. The opposite-ear advantage is
usually obtained if the stimuli presented are more nonverbal in nature, e.g.,
melodic patterns (King & Kimura, 1972), musical chords (Gordon, 1970), or
various environmental sounds such as dishwashing, dogs barking, or clocks
ticking (Knox & Kimura, 1970). The observed right-car advantage is at-
tributed to a LH specialization for the perception of speech as well as other
stimuli requiring sequential processing—this finding dove-tails nicely with
the unilateral brain-damage and split-brain results. Almost by default, the
left-ear advantage is said to reflect a RH specialization for the processing of
nonspecch sounds, which may involve a more holistic or simultaneous mode
of analysis.

In the visual modality, similar left-right processing asymmetries are
found using an experimental technique referred to as tachistoscopic presen-
tation. In such studies, stimuli are presented to the left or the right of central
vision for durations of 250 milliseconds (ms) or less. These short-on-time
parameters all but eliminate eye movements, and due to the natural splitting
of the visual system via the optic chiasm, the presentation of the stimulus
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input is restricted to the contralateral hemisphere (Bradshaw & Nettleton,
1981; Ilellige, 1980a; Springer & Deutsch, 1985). Rescarchers using this
particular method of investigation typically report a RVF/LIT advantage for
the recoguition of words (1lines, 1976, 1977 O'Boyle, 1985, Exp. 1), non-
sense syllables (Levy & Reid, 1978), single letters (1ellige, 1980h; O'Boyle
& :m:\mnﬁ 1982), and digits (Madden & Nebes, 1980). Conversely, a
LVF/RH advantage is reported for the recognition of nonsense shapes
(Hellige & Cox, 1976), faces (Hilliard, 1973. Moscovitch, Scullion & Chris-
tie, 1976; Rizzolatti & Buchtel, 1977), and depth perception (Durnford &
Kimura, 1971).

Another source of evidence for lateral asymmetries in the normal brain
comes from studies involving the sense of tonch. These experiments typ-
icallv involve the tactile perception of information {c.g., symbols or objects
hidden from view) by either the left or right hand. This procedure is also
thought to limit presentation of information (at least initially) to the right or
left cerebral hemisphere. The bulk of the findings in these manipulospatial
studies are reminiscent of those produced by dichotic listening and visual
half-field experiments. For example, Witelson (1974) obtained a slight right
hand-LH advantage for recognizing three-dimensional letters while report-
ing a pronounced left hand-RH advantage for recognizing three-dimension-
al shapes. Using a different paradigm, O'Bovle, Van Wyhe-Lawler, and
Miller (1985) reported a strong recognition asvmmetry associated with the
identification of capital letters traced in the right and left palms. Specifically,
those traced in the left palm—RIE were more accurately identified than those
traced in the right palm—LH—an cffect they attribute to a RIL advantage in
the tactile perception of dircctionality and the codification of information
along a spatial dimension (Benton, Levine, & Varney, 1973). Morcover, it
has been reported that there exists a reliable left hand—RIT advantage in
Braille letter learning (Rudel, Denckla, & Splaten, 1974) as well as in subsc-
quent reading speed and accuracy (lermelin & O’Connor, 1971).

In addition to these relatively noninvasive procedures for studying left-
right processing differences, there also exists a slightly more direct tech-
nique for measuring asymmetries in the normal brain. This methodology
involves the mouitoring of various anatomical responses when performing
tasks designed to differentially engage cither the right or left hemisphere.
One such procedure is to measure regional cerebral blood flow (rCBF). In
these studies, 133 Xenon (a low-grade radioisotope) is either injected or
inhaled into the bloodstream. Subsequently, when performing cither a ver-
bal or a spatial task (e.g., reading a book or assembling a jigsaw puzzle,
respectively), a sodium iodide ervstal emission detector is affixed to the
subject’s hicad and monitors the flow of blood to different arcas of the brain.
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The assumption is that the metabolic activity will vary depending npon the
extent to which right and left hemisphere functions are ntilized (Lassen,
Ingvar, & Skinhoj, 1978). Risherg. Ialsev, Wills, and Wilson (1973) have
indeed demonstrated differential rCBE in the LI and RIT for verbal versus
visuospatial task activation, respectively.

That the rCBFE teclmique provides some support for left brain—right brain
processing differences is apparent. There are. however, some distinet in-
terpretive problems associated with the use of this experimental procedure.
One such problem is that the process of metabolic exchange is a three-
dimensional phenomenon which is heing measnred using a two-dimensional
device (Bradshaw & Nettleton, 1983). By analogy, this is a process similar to
stimating the volume of a enbe by measnring only the dimensions of height

and width while completely ignoring depth. Such a scaling mismatch in
measuring rCBEF may result in a misrepresentation of the extent to which
sach hemisphere contributes to performance in a given task. Hence conelu-
sions about RI-LII processing specializations hased on this procedure may
be somewhat misleading.

Another issue which is problematic for the rCBF technique is that it
remains a rather gross measure of metabolic activity. requiring snstained and
continuons data collection for upwards of 20 minutes. Notably, the time
frame associated with many cognitive events is considerably shorter than
that required for rCBF measurement. This raises a question concerning just
how accurately the procedure can index cognitive activity which has long
since passed. Future technological advancements, however, should reduce
the time necessary to collect measurements, making the technigne consider-
ably more useful in assessing left—right processing contributions (Wood.,
1983).

An additional problem of interpretation involving this procedure stems
from the recent discovery that various psvchological factors like attention,
motivation, and arousal exert considerable inflnence on the blood flow pro-
cess. For examiple, when performing a complex cognitive task like mathe-
matics, it has been demonstrated that rCBF to the L1 can be altered as a
result of monetary incentive (Warren, Butler, Katholi, McFarland. Crews,
& Halsey, Jr., 1984). Hence, experiments involving subjects who have heen
paid for participation may produce resnlts which differ relative to experi-

ments with those who have not. This issue (which has heretofore heen
largely ignored) may make comparison of rCBF to cach hemisphere a more
complex matter than previously considered.

Another source of evidence from a similar physiological perspective is the
clectroencephalographic (EEG) studies. In these experiments, clectrodes
are placed at symmetrical locations above the right and left hemispheres to
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monitor the electrical activity at cach of the brain sites. The logic underlying
these studies is that differential clectrical activity will index different degrees
of specialized functioning by one or the other hemisphere.

Galin and Ornstein (1972) have demonstrated differential alpha wave sup-
pression (8—12 hz activity—thought to reflect resting potential) as a function
of verbal or spatial task involvement. Specifically, alpha activity was sup-
pressed in the LH when the subjects were required to write a verbal passage
from memory, whercas RH alpha suppression was obtained when they per-
formed a modified version of the Koh Block Design task. Each of these
observations was considered to be indicative of one hemisphere’s being
more activelv involved in the processing operation, depending upon the
specialized requirements of the task at hand (be they verbal or visuospatial,
sequential or holistic).

As with the other methods, the EEG studies are not without problems of
interpretation. Onc major concern is that lateral processing asvmmetries are
often claimed without reference to an adequately established baseline (for a
review of this issue, see Donchin, Kutas, & McCarthy, 1977). The effect of
this methodological flaw is to generate conclusions based on data which have
no interpretive backdrop. Hence, phasic activities (i.c., inereases or de-
creases in electrical activity levels) are reported but seldom specified in
relation to tonic level activity (i.c., background or normal operating level) of
each hemisphere. This is the equivalent of reporting a significant effect of an
experimental manipulation without reference to a control group. In addi-
tion, the exact placement of electrodes at homologous locations above cach
hemisphere remains a troublesome task despite the utilization of the Jasper
10-20 mapping system (Jasper, 19358).

VII.  EDUCATIONAL IMPLICATIONS OF HEMISPHERIC
LATERALITY

As can be seen from the rescarch reviewed here, there is indeed a consid-
erable amount of experimental evidence suggesting that the two cerebral
hemispheres make distinet, interactive contributions to performance in a
wide varicty of cognitive tasks. These observed processing differences are
normally quite small (a matter of milliscconds or percentage correct), are
limited to relatively simple stimuli (e.g., letters, digits, words, shapes, or
faces) observed under very specific laboratory conditions, and moreover,
involve a rather unique and select group of subjects (e.g., split-brains, brain-
damaged patients, or the college freshman). In addition, the generalizability
(and in sonie instances the reliability) of the experimental findings are some-
what suspect in a fair number of these studies due to the methodological and
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interpretative problems discussed carlier. Despite these shortcomings, vari-
ous educators have suggested that knowledge of hemispheric specialization
should be incorporated into the educational system via the implementation
of pedagogical techniques which would capitalize on these lateral asymme-
tries.

For example, Samples (1975) has accused the educational community of
utilizing teaching methods which solely educate the left side of the brain
while ignoring the right. Based on findings similar to those reviewed earlier,
he contends that our students possess two separate minds (corresponding to
the right and left hemispheres of the brain), which are responsible for two
completely different styles of knowing. In the course of his paper, he extrap-
olates beyond the preponderance of findings in laterality rescarch to con-
clude that the LI1 is specialized to perform “rational, linear, and digital
functions” while the R performs “intuitive, metaphovie and analogic func-
tions.” Though providing no data of his own in support of these uniquely
lateralized abilities he suggests that

In terms of mind functions, this means the left cerebral hemisphere tends to mediate
mnputs in a reductive or sorting out way, processing the variables systematically in
order to find the best answer or solution. This is the blueprint for the rational, lincar,
cognitive domain. The other side of the mind, the right cerebral hemisphere, fune-
tions on relationships and multiple-image inputs. It tends to multiply affiliated ideas
and mix pictures, images, experiences, emotions in a way that encourages invention.
It thrives on invention. (p 25-26)

He goes on to suggest specific activities and classvoomn instructional hints
to strengthen our students” neglected R, For instance, writing sentences in
a vertical rather than the normal left to right orientation is alleged to en-
hance creative thinking. Presumably, this is achieved by actively engaging
the visuospatial capacity of the RI1, a creative source which might otherwise
have remained untapped.

Although 1 empathize with his concern for educational intervention, it is
difticult to accept his conclusions because they require considevable leap
frogging of the facts. As Geschwind (1979) has said, “Specialization of the
isolated hemispheres should not be overstated” (p. 115). One must keep in
mind that the classroom learning experience typically involves the teaching
of complex, multidimensional skills like reading or mathematics. Each of
these tasks comprises a small set of cognitive subprocesses which require the
unique processing contributions of both cerebral hemispheres. For example,
when solving an addition problem, the printed symbols must first be percep-
tually recognized (i.e., 1, 4,5, +, =, etc.) using a proeess which undoubtedly
involves visuospatial analysis. After this initial processing has taken place,
we transform the information presented into several different formats (per-
haps a verbal code, as in “four plus one equals five,” or an imagery code, as
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in /111 4+ /= 1/111) and subscquently manipulate them via computational
rules to arrive at a solution. Using Samples’s own version of the processing
specialtics of the two hemispheres (which are only grossly correct at best). it
should be readily apparent that hoth the LI and the RIT are actively in-
volved in successtully performing mathematies or any other complex cog-
nitive skill.

Despite the fact that most classroom activity clearly requires interactive
processes, misgnided statements concerning exclusive hemispherice respon-
sibilities persist. For exaniple, Reisman (1979) has suggested that in the
early grades the LIL is specialized for the “verbal chaining of number names
" while the RII is responsible for “counting and

or counting in sequence’
bouncing [a] ball to "One. my name is Alice, Two, my name is Becky, cte.
(p. 354). Again. no actual data are offered in support of the position. In Tight
of the laterality literature reviewed carlier, this clearly represents an over-
simplification of the processing responsibilitics of cach hemisphere. In a
similar speculative vein, Novee (1979) has compiled a reading list of chil-
drens’ books for RII stimulation, based on Samples’s (1973) notion of
“guided fantasy.” She sclected these “RIL texts” because she insists “they
inspire mventiveness and cause ideas to multiply” as well as “stimulate the
production of images and creative thinking” (p. 151). Can one truly helieve
that the LH has no part in such complex processing? In addition, Cashtord
(1979) claims to have established an interpretive link between the RIT and
the appreciation of poctry and mystic texts. Morcover, he contends that the
LI is a “barrier to higher states of consciousness™ (p. 59). Given the findings
reviewed carlier, it seems inconccivable that these tasks, which so clearly
involve verbal materials, could somehow exclude LIT processing. Unfortu-
nately, such speculation is oftentimes mistaken for fact by those not totally
familiar with laterality rescarch.

The preceding examples are far from isolated incidents in the literature.
Other speculative deseriptions and elaborations of left—right brain processes
and their respective roles in learning abound. For example, some indi-
viduals have claimed that the difference in academic performance hetween
certain socioeconomic groups can be ascribed to hemispheric latervality
(Cohen, 1969; Lesser, 1971). Specifically, they contend that middle-class
students are more likely to use a LIL, verbal-analvtic mode of processing
while the urban poor are more likely to use a RIL, spatial-holistic mode.
From their perspective, our schools are considered to be “left-brained in-
stitutions” (Wolfe & Reising, 1978). Hence, the impoverished students are
utilizing a cognitive learning stvle which is incompatible with that of a "LII
curriculum,” resulting in impaired classroom performance. Interestingly,
these researchers never establish how dominant processing styles in these
students are identificd other than by the observed decrement in academic

>
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performance (a rather circular logic). In addition, it seems obvious that a
large number of variables which are totally unrelated to hemispheric later-
ality are likely to contribute significantly to the academic plight of the urban
poor. Morcover, if this theory were true and the difference between so-
cioeconomic groups was as large as suggested, one would predict that urban
poor students would outperform middle-class students on tests of spatial
ability. There are, however, numerous studics involving various aspects of
spatial processing which have failed to contirm this prediction (Sattler
1982) u

Torrance (1981) carvies the notion of lateralized cognition one speculative
level further by ereating a taxonomy of functions which he believes are
dichotomized to the right and left hemispheres. A select few of these “ex-

clusive” processing responsibilities are listed below:
RII Functioning LIl Functioning
Iving down and thinking sitling erect and thinking
plaving hunches betting on a sure thing
writing fiction wriling nonfiction
learning geometry learning algehra

(From Torranee, 1981, p. 102)

If one takes these suggestions to heart, some rather amusing educational
hyperboles might he concocted. For example, when instructing our students
on how to draft a technical essay or teaching them the principles of algehra
we should insist that they stand totally erect for the entire clas: period ::M_
write any assignments using only their right hand. Presumably. the imple-
mentation of such measures would serve to enhance the likelihood of LIT
involvement. Similarly, when assisting them in the ercation of a poem or
revealing the logic underlying the solution of a geometry problem, we
should insist that all of our students lie down on the classroom floor and write
using only their Teft hand. The use of such procedures shonld. theoretically
engage the specialized capacities of the RI1 in these tasks. (As an :m?_w_”
perhaps when heading for the local race track we should consider w aring
restrictive lenses and specialized headgear to limit information processing to
solely the LIL In this way, using Torrance’s dichotomy, we could rest as-
sured of “hetting on a sure thing”). .

In light of the rescarch reviewed earlier, the left brain—right brain pro-
cessing differences outlined by Torrance (1981) scem extremely simple
minded and require a significant leap of faith extending far hevond any data
concerning lateral processing asymmetries in the human brain, In nc:m_.z_ it
may be said that any attempt at characterizing hemispheric asymmetr w..:
terms of such global processing capacities will inevitablv result in over-
simplification. Claims that the RH is emotional and the LI1is rational or that
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one is urban poor while the other is middle class, or even suggesting a
difference in the sex of the two hemispheres (indeed Kane & Kane, 1979,
have speculated that the LH is masculine while the RIL is feminine) are
grossly inaccurate. It does an extreme disservice to our students to base
educational practice on such ill-conceived notions.

A. Some PROMISING EDUCATIONAL APPLICATIONS

Despite the aforementioned abuses, there do exist some rather promising
applications of hemispheric assymmetry to the educational setting. One such
application pertains to the teaching of reading skills. As suggested by South-
gate and Roberts (1970), when teaching a student to read, instead of relying
solely on the linguistically oriented phonetic method or the spatially ori-
ented look-and-say method, teachers should combine the two into a whole-
word technique. In this way, the student uses a balance of both phonetic and
spatial cues in an effort to learn the word. Such multidimensional approaches
to the instruction of other complex cognitive skills like mathematics or paint-
ing would also scem to benefit the student. The important point to re-
meimber is that in the classroom learning situation, the teacher should em-
phasize the interactive contributions of the right and left hemispheres to the
mastery of any given skill. The utilization of various instructional designs,
teaching techniques, and modes of presentation, each accentuating the pro-
cessing propensities of both cerebral hemispheres, would seem to be the
most effective classroom style (Ausburn & Ausburn, 1978). The logic here is
simple. Multiple methods of instruction will typically result in better learn-
ing than will reliance on a single method. The crafting and construction of
several techniques which highlight the contributions of both hemispheres to
a given task (rather than designing methods to emphasize one at the exclu-
sion of the other) may prove to be the most beneficial application of hemi-
spheric laterality to the educational setting.

In a similar light, the relationship between hemispheric asymmetry and
dyslexia may also prove useful to the educational system. Dyslexia is a
clinical term which describes a specific performance deficit in a student’s
reading ability while he or she remains physically and psvchologically nor-
mal. Although the learning-disabled individual is notoriously difficult to
diagnose, and the disability is anything but an all-or-none phenomenon
(Gaddes, 1980; Pirozzolo, 1979), our knowledge of lateral asymmetry may
prove invaluable for the development of successtul intervention and re-
mediation techniques for such students.

Orton (1937) was one of the first researchers to suggest that dyslexia might
be associated with incomplete or abnormal cerebral lateralization. Specifical-
ly, he noticed that dyslexic children tended to read and write in mirror-
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form, reversing specific letters and letter sequences to form a pattern resem-
bling the target word as it might be viewed in a mirror (e.g., was versus saw
or pool versus loop). In addition, he observed that these children exhibited
rather unstable hand preferences when asked to perform specific skills like
writing or manipulating objects. By juxtaposing these findings, he proposed
that the two were intimately related, perhaps the by-product of incomplete
cerebral dominance. With regard to the origins of dyslexia, Orton believed
that information about the visual world was represented differently in each
of the cerebral hemispheres. Specifically, he hypothesized that the LH
maintains information in the orientation perceived while the RH stores the
information as a mirror image of the original form. Given that hemispheric
dominance is not well established in these patients, a resultant confusion in
reading and writing is experienced as both representations compete with
each other during performance in the task. Orton referred to this phe-
nomenon as “strephosymbolia.” Though no longer accepted as an adequate
explanatory model (Springer & Deutsch, 1985), Orton’s work served to initi-
ate a link between dyslexia and hemispheric laterality.

Recently, a more direct connection between the specialized processing
capacities of the two hemispheres and dyslexia has been demonstrated by
Witelson (1977). In this study, the performances of normal and dyslexic
children were compared on tasks involving the recognition of three-dimen-
sional letters and nonsense shapes via the tactile modality. Witelson found
that normal children show the expected right hand—1.H advantage for letters
and a left hand-RH advantage for shapes. The dyslexic children, however,
failed to demonstrate any hand advantage for the recognition of shapes and
interestingly demonstrated a left hand-RI advantage for the recognition of
letters. From these results, Witelson (1977) hypothesized that dyslexia may
be the result of the spatial faculties” heing equally represented in both
cerebral hemispheres, a situation which is in contrast to the usual RH spe-
cialization for such processes. Specifically, she suggests that

The bilateral neural involvement in spatial processing may interfere with the left
hemisphere’s processing of its own specialized functions and result in deficient lin-
guistic, sequential cognitive processing and the overuse of the spatial, holistic mode.
This pattern of cognitive deficits and biases may lead dyslexics to read predominantly
with a spatial-holistic cognitive strategy and neglect the phonetic—sequential strat-
egy. (p. 309)

The information garnered from various converging laterality experiments
might assist educators in the development of teaching strategies for the
learning disabled. Such methods might be designed to accentuate the spatial
aspects of the reading process and thereby exploit (rather than contest) the
unique hemispheric processing arrangement characterizing the dyslexic
student.
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B. ConNcLupiNG COMMENTS

siven the highly precise nature and limited scope of the experimental
findings on hemispheric laterality, one must be n.z:.c_:w_.,l autious when
generalizing these results (derived within the confines of the _,L._EES_.Z to
learning applications in the classroom. One should bear 1.: mind that ;.c
processing asymmetries observed between the two _5::.%_:,_.3 are pri-
marily quantitative rather than qualitative in nature. _,ﬁ is Inaccurate .3._5-
lieve that in the normal brain one hemisphere can perform some mcco_m__xcm_
cognitive task while the other is totally devoid of such capacity. H:w dif-
ference is truly a matter of degree, not absolute ability. For examiple, it is not
the case that ‘c:_% the RII can recognize faces while the LIT canmot. Both
possess the necessary capacity; however, when a face is presented ::.ﬂz.:% to
the RH, recognition processing scems to be handled with greater cfficiency
than when the face is presented first to the LH. In light of ::m. fact, rather
than declaring that one or the other hemisphere is specialized for a specitic
cognitive function, we should conceive of them as equally important part-
ners of a processing team. Although a given rc.:iv,c:o_.c may indeed have a
propensity to process information along a preferred dimension, we m.:c:_ﬁ_
bear in mind that when a person performs a complex task Iike learning to
read or painting a picture, both cerebral hemispheres make z:_vmr:.:z_. and
unique contributions towards mastery of the skill. To ﬁ‘_o,\m_cc edu .z:.c_.E_
curricula as if one hemisphere were totally responsible for a given cognitive
ability (to the absolute exclusion of the other) is to ignore the complex
interactive processes of the human brain.

An additional matter of significance concerning the educational implica-
tions of left brain-right brain differences is the realization that ::c:_.c...
science and cducation exist at different levels of study and abstraction
(Wittrock, 1981, p. 12). When vicewed from this cc..mccc:,.d, the trauslation
of neuroscientific finding into classroom application often involves the
proverbial mixing of apples and oranges. As Wittrock (1981) has said,

In the evervday sense of the term, there are no educational implications in recent
research on the human brain . . . attempts to develop educational implications by
equating educational issucs to ueurological phenomena, by c?.wr_%_‘d_n education
upon neuroscience, or by reducing behavior and Huvvuﬂ.__ﬁv_ﬁvm_ﬂ..,__ _:_:”:::.3 A:a.:ﬁ.:_
structure and physiology are not likely to lead to uscful educational implication, in
the sense of answers to practical problems important to teachers and adiinistrators.
(p. 12)

Because the two disciplines engage in different levels of analyses, state-
ments concerning the specialized cognitive capacities of the two hemi-
spheres mayv imply one thing to the neuroscientist and quite another to the
educator. Cousider the following illustration.
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A neuroscientist conducts an experiment in which two s vinbols are flashed
very briefly to one or the other hemisphere and the subjects” task is to
determine if the two forms are identical in shapc. The experimenter finds
that such comparisons are made more accurately and several milliseconds
faster when the symbols are initially presented to the R11. Subsequently, the
neuroscientist summarizes his or hier findings by theorvizing that the RIT is
specialized for “visuospatial processing.” In a limited nceuropsychological
sense, the data do indeed suggest that suchi is the case.

To the educator, however, the statement concerning RH specialization for
visuospatial processing (taken outside the context of the neuroscientific ex-
periment) suggests several classroom applications. For example, educators
may mistakenly conclnde that to better instrnet their students in art class.
they must alter their teaching methods to capitalize on the specialized spatial
abilitics of the RH (a link established only at the nceuropsvehological level).
They may have students draw with their left hand or paint with their right
ceve closed, all in an cffort to engage the spatial capacitics of the RIT and
disengage the stifling verbal contributions of the LIL. Oversimplifications of
this sort typically mushroom into the development of popularized texts and
teaching currienla based on the mistaken notion that the RIT alone is the
neurological scat of artistic endeavor. Snch developments oceur despite the
fact that no hard evidence is provided from rescarch conducted by educators
in the art class sctting itself. Edncational overgeneralizations such as these
far exceed the safety of the neuroscientific data upon which they were origi-
nally formed. Clearly, it is one thing to conclnde that the RH is specialized
for visuospatial processing on the basis of a superior ability to match various
shapes. It is quite another matter to conclude. from the same data that we
“draw from the right side of the brain” (Edwards, 1979). Translation crrors
like this are undoubtedly responsible for many of the misguided educational
applications of left hrain—right brain differences as reviewed carlier.

Perhaps the largest risk we take when applying hemispheric laterality to
the educational setting stems from the possibility that such applications will
replace rather than supplement existing pedagogical methods. This concern
is succinetly expressed by Chall and Mirsky (1978):

The greatest danger of all is that what has been learned about teaching and learning
from educational research and practice may be abandoned in the rush to study the
eflects of various neurological factors, particularly the condition of being left- or right-
brained. Some pupils may not learn to read or write well. not becanse they are right-
brained or left-hrained, but because they may have not been taught well, or were not
sufliciently motivated at home and/or school, (p. 376)

To rely on hemispheric laterality as a panacea for all of our edncational
woes would be a serious mistake. We as teachers should acknowledge the
vast potential that neuropsychological research has for educational applica-
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tion; however, at this point in time, we should remain cautious with regard to
specific classroom uses. What we do know about the hemispheres and how
they operate in the normal brain is minute relative to .é?.: we do not r:c<.<.
At this stage of the game, it is difficult to determine if left brain-right brain
differences applied to the learning situation are an educational salvation or
merely “snake-oil” (Hutson, 1982). Until further research is conducted, par-
ticularly in the actual classroom setting, changes in curricula or TmoE:m
methods predicated on hemispheric laterality seem premature. Only after
extensive investigation can we begin to fully understand and wisely apply
hemispheric laterality as a basis of learning.

REFERENCES

Ausburn, L. J.. & Ausburn, F. (1978). Cognitive stvles: Some information and implication for
instructional design. Educational Communication and Technology, 26, 337-354.

Benson, D. F. (1969). Aphasia. In K. M. Heilman & E. Valenstein (Eds.). Clinical neuropsy-
chology (pp. 22-58). Oxford: Oxford University Press.

Benton, >.. L... Levine. H., & Varnev, N. (1973). Tactile perception of direction in normal
subjects: Implications for hemispheric cerebral dominance. Neurology. 23. waxl_wm;

Bogen. . E. (1975). Some cducational aspects of hemispheric specialization. UCLA Educator,
17, 24-32. i

Bogen. J. E. (1977). Some cducational implications of hemispheric specialization. In M. C.
Wittrock, J. Beatty, M. S. Gazzaniga, H. J. Jerison, . ). Krashen, R D. Nebes, and T J.
Tevler (Eds.), The human brain (pp. 133-152). Englewood Clifls, NJ: Prentice-1Hall.

Bradshaw, J. L., & Nettleton, N. C. {1981). The nature of hemispheric specialization in man.
Behavioral and Brain Sciences. 4, 51-63.

Bradshaw. J. L.. & Nettleton, N.C. (1983). IHuman cerebral asymmetry. Englewood Cliffs, NJ:
Prentice-Hall. .

Caramazza, A., & Martin, R. C. (1983). Theoretical and methodological issucs in the study of

1. 1n J. B. Hellige (Ed.), Cerebral hemisphere asymmetry (pp. 18-45). New York:

aphas
Praeger.

Carlson, N. R. (1980). The physiology of behavior. Boston: Allyn & Bacon.

Carter-Saltzman, L. (1980). Biological and sociocultural effects on handedness: Comparisons
between biological and adoptive familics. Seience, 209, 1263-1265. ,

Cashford, J. (1979). The integration of the cerebral hemispheres in poetry and mystic texts. The
Gifted Child Quarterly, 23, 56-70. o A

Chall, J. S., & Mirskv, A. I. (1978). The implications for education. In J. §. Chall z._:_ AL
Mirsky (Eds.), Education and the brain (pp. 371-378). Chicago: University of Chicago
Press

Chui, H. C., & Damasio, A. R. (1980). Human cerebral asymmetries evaluated by computed
tomography. Journal of Neurology. Neurosurgery and Psychiatry, 43, 873-878.

Cohen, R. (1969). Conceptual styles: Cultural conflict and non-verbal tests of intelligence.
American Anthropologist. 71, 828—856. ) , .

Cunningham, D. F. (1892). Contribution of the surface anatomy of the cerebral hemispheres.

Dublin: Royal Irish Academy.

2. HEMISPHERIC LATERALITY AS A BASIS OF LEARNING 45

De Renzi. F., Faglioni, P., & Spinnler, 1. (1968). The performance of patients with brain
damage on face recognition tasks. Cortex 4, 17-33.

Donchin, E., Kutas. M., & McCarthy, G. (1977). Electrocortical indices of hemispheric utiliza-
tion. In S. Harnad, R. W. Doty, L. Goldstein, [. Jayvnes, & Krauthamer (Eds.), Lateraliza-
tion in the nercous system (pp. 339-384). New York: Academic Press.

Durnford, M., & Kimura, D. (1971). Right hemisphere specialization for depth perception.
Nature, 231, 394-395.

Edwards, B. (1979). Drawing on the right side of the hrain. Los Angeles: J. P. Tarcher.

Gaddes, W. 11. (1980). Learning disabilitics and brain function: A neuropsychological ap-
proach. New York: Springer-Verlag.

Galin, D.. & Ormstein, R. (1972). Lateral specialization of cognitive mode: An EEG study.
Psychophysiology, 9. 412—418.

Gazzaniga, M. S. (1970). The bisccted brain. New York: Appleton.

Gazzaniga, M. S., Bogen, J. E., & Sperry, R. W. (1962). Some functional effects ol sectioning
the cerebral commissures in man. Proceedings of the National Academy of Sciences, 48,
1765-1769.

Gazzaniga, M. S., Bogen, J. E. & Sperry, R. W. (1965). Observations on visual perception after
disconnexion of the cerebral hemispheres in man. Brain, 88, 221-236.

aniga, M. S., Bogen, J. E.. & Sperry, R. W. (1967). Dyspraxia following division of the
cerebral commissures. Archives of Neurology, 16, 606-612.

Gazzaniga, M. S.. & LeDoux, J. E. (1978). The integrated mind. New York: Plenum.

Geschwind, N. (1979). Specializations of the human brain. The hrain. San Francisco: Freeman.,

Geschwind, N., & Levitsky, W. (1968). Iluman brain: Lefti-right asvmmetries in the temporal
speech region. Science, 461, 186-187.

Ga

Gordon, H. W. (1970). Ilemispheric asymmetry in the perception of musical chords. Cortex, 6,
387-398.

Hardyck, C., & Haapanen, R. (1979). Educating both halves of the brain: Educational break-
through or nenromythology® Journal of School Psychology, 17, 219-230.

Hardyck, C., & Petrinovich, L. F. (1977). Left-handedness. Psychological Bulletin, 84, 385-
404.

Hellige, J. B. (1980a). Cercbral hemisphere asymmetry: Methods, issues and implications.
Educational Communication and Technology. 28, 83-98.

Hellige, J. B. (1980b). Effects of perceptual quality and visual field of probe stimulus presenta-
tion on memory search for lette
and Performance. 6, 639-651.

Hellige, J. B., & Cox, P. J. (1976). Effects of concurrent verbal memory on recognition of

Journal of Experimental Psychology: lluman Perception

stimuli from the left and right visual fields. fournal of Experimental Psychology: ITuman
Perception and Performance. 2, 210-221.

Hellige, J. B.. & Wong, T. A. (1983). llemisphere specific interference in dichotic listening:
Task variables and individual differences. fournal of Experimental Psychology: General.,
112(2), 218-239.

Hermelin, B., & O’Connor, N. (1971). Functional
psychologia, 9, 451-435.

Hilliard, R. D. (1973). Hemispherie laterality effects on a facial recognition task in normal
subjects. Cortex, 9, 246-258.

Hines, D. (1976). Recognition of verbs, abstract nouns and concrete nouns from the left and
right visual halt-fields. Newropsychologia, 14, 211-216.

Hines, D. (1977). Differences in En_:ﬁ:zn:_&c recognition between abstract and concrete
words as a function of visual half-field and frequency. Cortex. 13, 66-73.

vinmetry in the reading of Braille. Neuro-




48 MICHAEL W. O'BOYLE

Whitaker, H. A. (1978). The fallacy of split-brain research. Brain Theory Newsletter. 11(1), 8~
10. o 4 . .
Whitaker, H. A., & Ojemann, G. A. (1977). Lateralization of higher cortical functions: A

critique. Annals of the New York Academy of Sciences, 299, 459—473. ‘

Witelson, S. F. (1974). Hemispheric specialization of linguistic and non-linguistic tactual per-
ception using a dichotomous stimulation technique. Cortex, 10, 3-17. o
Witelson, S. F. (1977). Developmental dyslexia: Two right hemispheres and none left. Science,

1977, 195, 309-311. ] .

Wittrock, M. C. (1981). Educational implications of recent brain research. Educational Lead-
ership, 39(1), 12—-15. . .
Wolfe, D. T., & Reising, R. W. (1978). Politics and English teaching or {can, should, will) we
teach the whole brain? English Journal, 67, 28-32. ‘ .
Wood, F. (1983). Laterality of cerebral function: Its investigation by measurement of localized

brain activity. In ]. B. Hellige (Ed.), Cerebral hemisphere asynunetry (pp. 383-410). New

York: Praeger. .
Zaidel, E. (1978). Auditory language comprehension in the right hemisphere following cercelral
commissurotomy and hemispherectomy: A comparison with child kinguage and aphasia. In
A. Caramazza and E. Zurif (Eds.), Language acquisition and language breakdown: Paral-
lels and divergencies (pp. 229-275). Baltimore: Johns :ccr:,; University Press.
Zurif, E. B. (1974). Auditory lateralization: Prosodic and syntactic factors. Brain and Language,
1, 391-404.

ATTENTIONAL PROCESSES
IN EDUCATION

Mark Grabe

Department of Psychology
Unicersity of North Dakota
Grand Forks, North Dakota
58202

I. INTRODUCTION

As is sometimes the case with education and psychology, the term atten-
tion appears frequently within the vocabulary of cach discipline and applies
to approximately the same phenomena, but it is often used with different
levels of precision. Teachers use the concept of attention in a variety of ways.
They may admonish students to “pay attention” and describe the inadequacy
of a particular student as having a “short attention span.” They may also
describe one merit of a certain instructional technique or an interesting book
or film as “holding the students” attention.” These uses of the term attention
do carry meaning. Individuals funiliar with the classroom environment can
easily visualize the difficulties or advantages being described.

While appreciating the validity of the ways in which teachers commonly
view attention, psychologists would like to see the term used more precisely
to refer to the actual mechanics of student behavior and thought (Point-
kowski & Calfee, 1979). For instance, in its educational use, it is often
unclear whether the term attention is used in reference to motivation or
cognition. Is the student unable or unwilling to attend to the teacher’s
presentation? Although intending to explain student hehavior, the teacher is
more likely using the term attention in describing student hehavior. Psy-
chologists would prefer definitions that discriminate hetween motivation and
action and between deseription and explanation. In all fairness. psychol-
ogists display their own lack of precision in referring to attention. In a
summary of research, Moray (1969) has noted at least seven different pro-
cesses described as attention: included were mental concentration, vig-
ilance, selective attention, search, activation, set, and analysis by syuthesis.

This chapter is organized in the following way. First, an attempt is made
to describe a single, general model of attention. As part of this task, the
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varions facets of attention as deseribed by other anthors are ::cn_.,,:.?_ ::c a
single conceptnal system. Special emphasis s given to the ways E.ﬁ;:c:
attention has been operationalized in rescarch. This nc_:,._.z_ :.::_c_ is then
applied to the explanation of classroonm function m::_ malfimetion. Be .E;.c
the numiber of possible topies could he nearly limitless, two Cz:_:c_c,f.. were
selected for detailed consideration. Oue example concerns an :n.w:_c_d_c skill
(directed reading) and the other an individual A:mci_.w:ce ::;._m 3, edn .:‘.
tional importance (hyperactivity). Finally, some m_vcc.:c.m:nnwm:cwv. for 55./;,.
in whichi teachers might improve the classroomn attention of ::._._. ,f.::_.c:?
are given. I hope that this approach will provide an interpretive bridge
between basie Taboratory rescarch and classroom concerns.

. A MODEL OF ATTENTION

An attempt will be made to discuss attention ina very ,E,:.S.,,__ way. /./_\_:‘__c
such an approach obviously lacks the precision emphasized _:.:5:_._3 ilt
by rescarchers to explain a specifie type of cognitive hehavior, a mc_._c_.z_
approach should be of greater use to individuals wanting to c::n,Q.E_z_._xc a

ariety of educational applications. Of the uses of the term attention listed
arlier, an expanded use of selective attention would seem best m:_?;‘_ to the
focus of this discussion. Such a model of attention can be broadly applied ».c a
variety of situations in which there would be an advantage in .cc:cc._: -ating
limited mental resources on specific external or internal :::_.:.:::.:_ or a
particular processing activity. The external versus ::.2‘::_.L_m::c:c: ::m
plies that competing sources of information can exist either in :5. m.:.:_c_.: $
environment or memory stores. The reference to processing activities im-
plies that at any given instant the student may have to choose among ,dew:.:_
possible cognitive activities. The proposed general _:c,ﬁ_c_ :.:_m c.:m_:;_xcm
the ability and (as is shown here later) the necessity of making n_.::?,m and
cc::d:_in the allocation of resources among competing alternatives. .

Attention within this model is represented as a limited resource by which
are mobilized and maintained. Researchers

articular cognitive processe
MWMMCM“‘E::J Q_.<::_4 Mever, & Penland, 1982; _A:_:._E:u:, _cq...wv taking a
perspective similar to that ntilized here have z_ﬁ.c_.:,,:_ud_% A_,cmc_.__zx_ ,;20.:-
tion as energy, capacity, effort, resources, and fuel. Each of :F,m»., ﬁ_m,me..:v-
tors will be considered as roughly equivalent. The important point is L:;
sach label describes a resource that exists within the information-processing
mechanism, in limited supply, and that this resource is expended to accom-
ish desired goals. ,

U_M_h_MM,mx.,::w_cm may be useful in illustrating the range of ro_::\:.:.m that
could be considered using this general model. One should note in cach
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example that the student is concentrating on one source of information or
activity rather than another.

L In learning to distinguish one letter from another {e.g.. d and b). a
reader learns that certain features of letters are important in making deci-
sions and should he considered more carctully than other features of letters.
In distinguishing the b from the d. the voung reader carefully notes whether
the vertical line is on the left or the right side of the cirele.

2. To do well in class. the sccond-grade student must e able to listen
carcfully to the teacher’s voice and ignore the noise coming from the music
room just down the hall,

3. In preparation for tomorrow’s quiz. a high school student has hoen told
to carefully note certain issues in his or lier reading assignment. Efficient
reading behavior allows the student to somehow emphasize material related
to these goals in studving the day’s assignment.

4. In listening to a biology lecture, the college student concentrates care-
fully on the instructor’s description of dominant and recessive genes and
daydreams during a storv about the instructor's childhood.

To understand how attention operates within the total cogititive system it
is first necessary to provide a model of the total system. Again, a very simple
model will suffice. The components of this model have been utilized by
Britton, Piha. Davis, and Wehausen (1978) to explain attention allocation
during reading, but the components are general enough to describe stages in
any form of information acquisition. The model contains three stages: a
perceptual stage, a comprehension stage, and an elaboration stage. The
perceptual stage involves the recognition of information collected from the
environment by the sensory receptors. The labeling of a visual form as an A
would be an example. The comprehension stage results in the attachment of
meaning to the recognized input. Stored information, rules, and experiences

are matched to the perceptual input to provide m aning. For instance,
words or phrases are given meaning by accessing the internal lexicon, and
when grammatical rules are applicd to the words. sentence comprchension
results. The elaborative stage was included to indicate that the system has
the capacity to go bevond the information provided by the environment.
Problem solving, inferencing, and activities such as memorization or study
would exist at this stage. For instance, a student r ading a text mav realize
her teacher often asks test questions about the meaning of technical terms
and may make a special effort to retain the m aning of a new termn just
encountered.

The deceptive simplicity of this model way mask the fact that feats of great
complexity are actually being accomplished. Much more is going on in each
stage than is readily apparent from the present discussion. During the ex-
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ecution of a complex cognitive activity such as reading in preparation for an
examination, the cognitive system must ncc%::.,:c :,_:_ excenite many coin-
ponent processes within a limited cn:.mc,ﬂ_ of time. ﬂ zz,mc. c::_c:_.:,_% pro-
cesses all require attention, the total effort or capacity available ?._: simplv
be exceeded, and the attempted task will meet with failure. Returning to our
example, the student cannot afford to carefully note that the é.c_.ﬁ_ being
fixated begins with a letter formed by a vertical line .,&:crnﬂ_.i its basc to
the left side of a small circle and that the individual letters ?-,N s-0-n collec-
tively spell the word bison if she hopes to glean from her book facts about the
history of the bison in the United States. While it is true that a stndent could
not simultancously attend to all the reading tasks just described, it is also
true that students at some level of competence can study a text to meet
prescribed goals. This is true in part becanse in becoming a co:.%c?,_:
reader the student has developed certain cognitive skills to the point that
they no longer require attention. . .

The processing of information without attention is _.&c_._d.ﬁ_‘ﬁc here as
automatic processing. Kahneman (1973) snggests that the L_mE.n:.om _.:,-
tween automatic and cffortful processing can be understood by considering
what must be fed into the system to trigger a particular m:*,c::.,Ec:,._:.ccmmv-
ing activity. In effortful processing, the inputs include sonie tvpe of informa-
tion and effort. Automatic processing activities are triggered solely by an
input of information. . o

Because antomatic processing plays such an important role in the limited-
resource information-processing system, a more detailed cx.,::c_c‘i pro-
vided to acquaint the reader with work in this arca. LaBerge ::.L vm_::m._m
(1974) have developed a theory to explain 15. ::d_ed_.:mi of automatic
processing in reading. If a person is to read for meaning, these ,,:;r.ci
believe, information has to be passed among several memory systems (visu-
al, phonological, episodic, and semantic). Their model _EM rcc_w nmost .ﬁ._.@.:._.<
worked out and tested only in regard to the most basic c,* reading activities.
Consider for example the LaBerge and Samuels model for grapheme learn-
ing. This is the process by which letters, spelling _E:E.:.m, and ewc_‘.ﬁ_m come
to be perceptually coded. These activities are zeﬁ.cE.c_.mrmﬁ_ within visnal
memory. Visual memory consists of several types of ec,ﬂ_ca ,E.cmw visual
codes exist in a person’s long-term memory. Incoming information r.c_:,:ﬁ
eves is first analyzed by feature detectors which feed into letter codes. The
letter codes potentially activate spelling-patterr codes, s%.?.r in turn may
feed into word codes. Within this model, it is assumed that feature detectors
are activated by incoming information in the form of lines, curvature, angles,

intersections, ete. (Gibson, 1969) ‘
In the first stage of perceptual learning, the subject may not know which
lower level codes are required to signify the presence of a higher level code.
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For instance, the voung reader at this point has to discover that a horizontal
line, a vertical line, and an intersection identify the letter 7. Mistakes are
quite possible at this stage. The young reader might frequently miistake a b
for a d becanse there is but a single mnique feature differentiating these
letters. With experience, the child begins to reliably check the lower level
codes, but this process requires attention. The reader may have to pur-
posetully check for the presence of a d, an o, and a g before recognizing the
word dog. This represents the sccond stage in the learning process. Errors
are infrequent, but attention is still involved. As a given set of codes is
repeatedly checked, the set of codes takes on a unitary nature and is associ-
ated automatically with the higher level code. This represents the final stage
at which the next=higher level code is available to he recognized without
attention.

A brief deseription of two experiments coudneted by LaBerge und Sam-
uels (1974) illustrates both the concept of automaticity and the two stages
involved in learning. In the first experiment, subjects were asked to indicate
whether two simple forms represented a match. For the second experiment,
they were asked to provide the name of the form. For the majority of trials in
each experiment, the graphic forms were taken from a restricted set of
letters (Ddpg). On some trials, a pair of stimuli (first experiment) or a single
stimulus (second experiment) was displayed from an unexpected set of lot-
ters (agns) or other svimbols (1). In the second experiment, the non-
alphabetic symbols were given names. When one of the unexpected stimuli
was presented, the subject first had to shift attention to the new internal
codes. If the subject expected to see a given stimulus, attention could be
directed to the related codes ahead of stimulus presentation. If the process-
ing was automatic, the use of unexpected stimuli made little difference. The
lower codes were already activated by the time the subjects could shift
attention to the new codes, and no additional time was required. Because
adults (who would have had a great deal of experience with letters) were
employed as subjects, this was initially the case for the letters but not for the
symbols.

Subjects returned periodically to the laboratory for a mmnber of days to
perform either the matching or naming task. This extended period of train-
ing was intended to develop automatic coding of the symbols. Error rates
and reaction times were recorded during each session. With experience, it
was shown that the nonalphabetic symibols came to produce reaction times
similar to those for the letters. In the matching task, the reaction rates
became statistically identical. In the naming task, the reaction speeds also
became more alike. Error rates for the letters and nonalphabetic syvmbols
became statistically cqual, but after fewer days of practice. The combination
of error and latency data allowed the three stages in the achievement of
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automaticity to be differentiated (see Fig. 1). The stage marked by significant
error and E?.:c% differences identifies the unlearned condition. The stage
marked by equal error rates but significant latency differences :.:__.E?,m the
stage of effortful or attention-demanding processing. The stage of equal error
rates and latencies indicates that antomaticity has been achieved.

LaBerge and Samuels (1974) believe that teachers shonld he av are of the
stages of automaticity—especially the difference in student performance
between the second and third stages of learning. The researchers are con-
cerned that teachers may misinterpret low student error rates as mastery of a
particular skill and proceed to a subsequent skill. If the lower level skill is
still requiring attention, rapid advancement to more ﬁ_w::::::n tasks may
overload processing resources and cause the student difficulty. For instance,
a child may recognize all of the words in a paragraph and still have diffienlty
understanding what the paragraph is about. The effort required to decode
the words may require so much attention that requirements for comprehen-

sion cannot be met.

What does it take for a student to learn to process in an automatic manner?
Certainly, the major determinant is practice. This was noted by ITuey in
1908. H:\ﬁ__.me:mu_.:n the process of learning to read, he stated :d; “repetition
progressively frees the mind from attention to detail, makes facile the total
act, shortens the time, and reduces the extent to which consciousness must
concern itself with the process” (Iuey, 1968, p. 104). LaBerge and m.,:::e_m,
(1974) believe other factors are also involved. They claim that organization of
lower level codes into a higher level code will not be attempted unless
necessary. Thus, learning tasks must be difficult enough to provide an ad-
vantage for antomatizing some aspect of the task. Finally, they suggest ::;,
students need to feel confident that they can function at the higher level of
coding. An overly critical teacher may prevent a student from risking transi-

Accuracy

% Errors

msecC

Practice Session

FIG. 1. Stages in the acquisition of antomalicily, as indicated by lalency and error rate.
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tions to more advanced codes. For example, the student may read by eni-
ploving a conservative word-by-word approach rather than risk errors pro-
duced by efforts to read for meaning.

At this point, it might be useful to refer to the list of representative
selective-attention tasks mentioned earlier. These tasks  differ along a
number of important dimensions. One important dimension concerns
whether the basis for the selectivity exists conenrrently or scquentially. In
concentrating on the most meaningful features of an alphabet letter or in
trying to follow the teacher’s presentation in the midst of hackgromd noise,
the student is attempting to concentrate resources on a subset of the infor-
mation available at a given instant in time. In attending more carefully to one
paragraph of text or one segment of a lecture than to other paragraphs or
lecture scgments, the student is controlling the expenditure of effort across
time. The expenditure of resonrees across time can he further differentiated
into those cases in which the student can and cannot control the impnt of new
information. In reading, the stndent has the freedom to stop or to reread
information hefore proceeding. In listening, this same freedom is not avail-
able. While the student may ignore new input and concentrate instead on an
important point just presented, the student listening to a presentation can-
not prevent the presentation from continuing. 1t is thus in skills like reading
that attention can be ntilized with the greatest degree of flexibility,

Successtul utilization of attention may depend on different skills in concur-
rent and sequential situations. In a concurrent task, success may be infln-
enced more by the extent to which subtasks can be accomplished automati-
ally and the extent to which the limited resonrces available can be
concentrated on the most essential tasks. This implies that the student
knows what the appropriate tasks are and can direct resources to the accom-
plishment of these tasks. These same skills come into play in scquential
activities, but the greater freedom to continue processing activities when
necessary makes the ability to determine when desired goals have been
accomplished (sce Chapter 8 by Duell on metacognition) an important addi-
tional skill. Using more processing resonrees than necessary would be inefti-
cient, but not checking to determine that desired goals have been accom-
plished and responding with additional activities when necessary would fail
to take advantage of the full power of the processing system. Sequential
attentional tasks may thus allow certain mique diagnostic and remedial
activities to be emploved.

. MEASUREMENT OF ATTENTION IN RESEARCH

Researchers conducting experiments in this area or teachers attempting to
understand the behavior of their students look to various behaviors or phvsi-
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ological variables to draw inferences about attention. ‘H_.Fy purpose .c* this
section will be to describe some of the variables used as indicators of atten-
tional allocation. , . .

Variables employed in selective-attention research can first be a_.mc..c_%_-
ated as process or product measures. A process variable mxc_:_v?.g _z..cSLc
an immediate or on-line indicator of what the processing system is Lc:i.. A
good example of a process variable might be eye fixations. The c_:cmﬁ being
fixated at a given point in time provides an immediate way to define the
focus of the subject’s attention. In contrast, a product measure _.mc_.cmn;:.m an
assessment of the output or results available when the processing ccn,_.w:c_.;
have been completed. Differential recall of one category of ~.:r:.5.~53: n
comparison to another probably represents the most common use of a prod-
uct variable to argue for selective attention. The assumption is that the
information most available to recall was the information receiving the most
attention during processing. . i

The following section provides a brief discussion of the :E.ﬁ frequently
employed product and process variables. The intent is to :c@:m::. the r zﬁ.:_c_.
with application of these variables and not to provide an exhaustive review.

A. PRODUCT VARIABLES

1. Retention

Many studies have employed the recall of subjects as evidence for the
ability to attend selectively or to provide an indication of what has _.vom:
attended to. Dichotic listening (e.g., Bryden, 1971) represents once of the
classical experimental methods for studying mc_m.oz,\c :xm::c:.. The So_w-
nique uses recall as an indication of the impact of focnsing attention. In this
technique, simultaneous but different messages (digits, words, or cc.::oegn_
discourse) are delivered to a snbject. The most common approach is to use
stereo earphones to present one input to the right ear and a second :.g.ci to
the left. The subject is told to pay particnlar attention to one source of ::ﬁ%u
but is asked to recall both. As might be expected, the me:LE_ input is
recalled at a higher level than the input that is not the focus of mﬁo::cw.

Recall has also been a frequent measure of attention in research appearing
in the educational or developmental journals. The majority of these studies
have probably involved written prose (e.g., Faw & Waller, Eﬂ@w.m_mc see
Section IV.A), but other presentation methods have also been involved
(e.g., Collins, 1970). Recall in this rescarch is jmmﬁ_ to indicate /,e_:: ccic_ﬁ.
subjects attend to naturally or to determine if m:r._.cn.,? r.m<c *cﬁ_moﬁ_ :.5:
attention in a particular way as the result of some orienting device (objec-

tives, questions, ete.).
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2. Other Product Variables

Many studies have employed product variables other than recall. Often,
these studies have compared the quality of some type of performance with
and without a source of distraction (sec Douglas & Peters, 1979, or Pi-
ontkowski & Calfee, 1979, for reviews of some of these studies). As an
example, Baker and Madell (1965) asked college students defined as
achievers or underachievers to take two equivalent forms of a standard reacd-
ing-comprchension test. One of the forms was administered under standard
conditions and the other was administered while humorous recordings were
played as a source of distraction. No differences in comprehension were
observed when the test was administered under standard conditions. How-
ever, the underachievers did perform at a lower level when distracted. The
product variable (i.e., comprehension test performance) is used in this case
to argue that underachievers may have greater difficulty maintaining a par-
ticular attentional focus in the face of distraction. In a similar type of study,
Samuels (1967) had good and poor students read a passage with and without
pictures. The pictures in this case served as potential distracting stiruli. The
study demonstrated that the less able students were adversely influenced by
the presence of the pictures.

B. PROCESS MEASURES

1. Secondary Task Technique

As the name implies, subjects involved in an experiment utilizing this
technique are presented with a primary and sccondary task. Primary and
secondary in this case refer to the priority that subjects are asked to place on
the two activities. The validity of the technique relies on the as umption that
attentional capacity has a limit and both the primary and secondary tasks
must operate within this limited capacity. Even when one is not engaged in
purposctul activity (i.c., a primary task), some capacity is being occupied in
continuous monitoring of the environment. This capacity, which Kahneman
(1973) refers to as spare capacity, represents the attentional resources which
will be devoted to the secondary task. A measure of this spare capacity can
be obtained by requiring the subject to respond at unpredictable intervals to
a probe task (Kahneman, Beatty, & Pollack, 1967; Posner & Boies, 1971).
The probe task often requires the subjeet to press a key as quickly as possible
whenever a tone is sounded. The more the primary task takes up available
capacity, the less attention can be allocated to the monitoring activity. As
attention is withdrawn from the monitoring function, the task is likely to be
performed with less proficiency. In a practical sense, this means it takes the
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subject longer to respond to the signals being monitored. Reaction times
increase as the primary activity takes up more and more of the capacity
available.

The secondary-task technique is used to determine the relative attentional
requirements of different activities (c.g., Britton, Glynn, Meyer, & Pen-
land, 1982; Britton, [loldredge, Curry, & Westbrook, 1979; Britton, Piha,
Davis, & Wehausen, 1978; Britton, Westbrook, & Holdredge, 1978) or to
detect fluctuations in the allocation of attention to a particular task (e.g.,
Anderson, 1982).

2. Pupil Dilation

The claim that the dilation of the pupils can serve as a measurement of
mental effort was originally made by Hess and Polt (1964). These researchers
noted that there was a correspondence between the degree of dilation and
the difficulty of arithmetic problems (e.g.. 7 X 8 vs. 16 X 23) subjects were
attempting to solve. Kahneman (1973) noted that pupil diameter serves as an
indicator of arousal and as such may reflect the cffort invested in an activity,
the interest an environmental situation generates, or a state of the organisin
such as might be induced by drug or drive states. With the imposition of
appropriate experimental controls, alternate explanations of pupil diameter

an usually be dismissed, and differences in diameter can serve as a rather
immediate indication of effort. A wide varicty of tasks have demonstrated the
relationship between difticulty and pupil dilation (see Kalineman, 1973, for a
summary). Of particular interest within the present context are studies
showing a relationship between the degree of pupil dilation and the difticulty
or arithmetic problems (Bradshaw, 1968) or sentence comprehension
(Wright & Kahneman, 1971). In light of the relatively nonobtrusive nature of
the pupil dilation technique, it is interesting to note that this technique has
not been frequently applied to many of the educational tasks discussed in

other sections of this chapter.

3. Eye Fixations

Two aspects of eye fixations provide measures of attentional allocation:
frequency and duration. The frequency of fixations devoted to one compo-
nent of a visnal display in comparison to another represents one indication of
attentional allocation. For example, studies have demonstrated that subjects
attend to different components of pictures (Yarbus, 1967) or text (Rothkopt &
Billington, 1979), depending upon the focus of questions they have been
asked. I a somewhat similar manner, Brenner and Stern (1976) have deter-
mined hyperactive boys” ability to resist distraction by determining the fre-
quency of non-task-related fixations. The second measurable aspect of the
fixation is its duration. Longer fixation durations arc used as an indication of
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the expenditure of greater mental effort. For instance. Inhoff (1983) showed
that words which were difficult to predict within the context in which they
were read were fixated for longer periods of time than were more c_é%cm-
able words. Rothkopf and Billington (1979) found that in attending to written
material that had been defined as important and thus the expected focus of
greater attention, subjects produced reading hehaviors that provided some
evidence of longer fixation durations.

4. Viewing Times

In certain situations, the amount of time devoted to particular stimuli can
be determined. This is done cither by having the snbject control stimulus
presentation (c.g., Cirilo & Foss, 1980; Geisclman, 1977; Goetz, Schallert,
Reynolds, & Radin, 1983; Grabe, 1980; McConkic, Ravner, & Wilson, Eﬂuw
Reynolds & Anderson, 1982; Revnolds, Standiford, & Anderson, 1979: Ro-
thkopt & Billington, 1979) or by laving the subject indicate what he/she is
attending to at regular intervals (Rankin, 1970—-1971). Greater time commit-
ments are equated with a greater commitient of attentional resources.

It is important to note that the studies cited cmphasize two kinds of
flexibility. The first demonstrates that the same task can he completed with
arying degrees of cffort (c.g., McConkic, Ravner, & Wilson, 1973), the
second that ceffort can be differentially expended on different segiments of
material within the total task (c.g., Revnolds, Standiford, & Anderson,

1979).

5. Classroom Observational Systems

Obscrvational mcasures of attention require that a classroom rater make
some judgment regarding the focus of student attention (Cobb, 1972
Lahaderne, 1968; Meyers, Attwell, & Orpet, 1968; Sumuels & Turnure,
1974: Shannon, 1942). Obscrvational procedures often require that the rater
judge which of several categories of behavior best deseribes a student’s
actions during a brief interval of time. A behavioral definition of atten-
tiveness—inattentiveness within such a system may include a list of specific
activitics (orients eves to text or teacher, observes chalkboard, closes eves,
works or plays with nonassigned materials, ete., Samuels & Turnure, 5,\.6
or a general description of focus (e.g., pupil is doing what is appropriate in
the situation, Cobb, 1972). A variable indicating the proportion of time on
task can be caleulated and related to potential causes and consequences.

C.  OTHER MEASUREMENT CONCERNS

The variety of attentional variables just described is necessary because of
the varicty of research situations in which attention is studied. Certain atten-
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tional variables are best suited to certain rescarch questions. hr addition, it
appears that multiple measures of attention may sometimes be necessary
within the same study. Reynolds and Anderson (1982) contend that in sone
situations attention is multidimensional and the various aspects of attention
must each be measured to provide an accurate description of processing
activity. When processing can be extended in time (c.g., reading activities),
Reynolds and Anderson claim that attention is a joint function of duration
and intensity. In their research, duration was represented by inspection
time and intensity by the secondary-task technique. These researchers were
able to demonstrate that the two measures of attention were independent
and potentially compensatory. Had only one variable been considered, the
impact of attention would have appeared less impressive than was actually
the case. Other rescarch has demonstrated that when multiple measures of
differential attention are available, some attentional variables may be influ-
enced by a treatment condition while others remain unaffected (Britton,
Glynn, Mevyer, & Penland, 1982). Again, these researchers might have
reached a very different conclusion had not several different attentional
variables been studied. Finally, Rothkopf and Billington (1979) were able to
demonstrate in a careful analysis of the behavior of individual subjects that a
process variable (inspection time) showed variations in attention only among
some of the subjects showing attentional differences in a product variable
(differential recall). The single process variable employed was not sufficient
to explain the manner in which all subjects responded to produce evidence
of differential attention. While it is certainly possible that nonattentional
processes were responsible, the work of Reynolds and Anderson (1982) sug-
gests an alternative the Rothkopf and Billington (1979) methodology would
have missed. Some readers may have responded to the task by varying
inspection time and others by varying intensity. Taken collectively, this
research demonstrates the importance of utilizing multiple measures of at-
tention in future research. Of special interest may be studies investigating
the unique ways in which individual subjects use alternative attentional
resources in response to a particular task.

A second issue of great importance to researchers in this area concerns the
necessary methodological procedures for demonstrating the causal impact of
differential attention (Reynolds & Anderson, 1982). The rescarcher wants in
some way to show that differential allocation of attentional resources pro-
duces some detectable differences in task performance. In making a case,
the rescarcher can gather product data, process data, or both. The w. sakest
case for causality exists when only product data (c.g., differential recall or
task performance) are available. In this case, an assumption is being made
that the allocation of attention and not some other component or function of
the information-processing system is responsible for the observed dif-
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ferences in performance. The assumption may be incorrect, and alternate
explanations always remain as possibilitics. In a somewlat more advanced
procedure, the rescarcher gathers both product and process data and as-
sumes that if both data sets show the hypothesized differences, the process
differences are responsible for the product differences. Taking goal-directed
_.m.a,:::n as an example, the greater inspection time accorded goal-relevant
information is assumed to be the cause of the superior recall of this same
information. The difficulty here is the possibility that the process and prod-
uct results are only associated and not related to each other in a causal
manner. This possibility has been noted in several sources (Revnolds &
Anderson, 1982; Revnolds, Standiford, & Anderson, 1979; wcﬁrrcw&,% Bill-
ington, 1979).

Reynolds and Anderson (1982) propose that a still more rigorous pro-
cedure be employved. This procedure is utilized in situations in which the
subject has been asked to attend to one of several categories of information
and later required to recall all the information possible. The procedure is
based on the logic that if differential attention is the causal link hetween
stimulus relevance and differential recall, then discounting or removing the
link between stimulus importance and the process measure should also elim-
inate the significant relationship between stinmlus importance and differen-
tial recall. This test can be accomplished statistically nsing a stepwise multi-
ple regression technique. After analvzing several different studics of
attention in this manner, Revnolds and Anderson (1982) found that some
studies did and some did not meet this standard. At this point, this tech-
nique has been used so infrequently that the theoretical value of the pro-
cedure is difficult to evaluate.

V. EXAMPLES OF EDUCATIONAL APPLICATIONS

>:.m::c: research has focused on many specific topics of educational
significance. Rather than attempting a general survey, we will consider two
specific but different topics in some depth. The first .g_:n is concerned with
understanding the role of sclective attention in purposeful or goal-directed
reading. Rescarch topics such as this primarily focus on unde standing how
the information-processing system functions when confronted with a partien-
lar task. The second topic is concerned with the identification of the atten-
tional deficiencies of hyperactive children. Research topics such as this in-
vestigate group differences in the functioning of the information-processing
system. Group differences in functioning should be apparent across a variety
of tasks tapping the critical processing skill or skills. .
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A.  ATTENTION CONTROL IN READING

Anderson (1982) claims that one of the _::i. consistent :_:J___m” in F;M_”“_nm
is that text elements that are important are likely to he :.cz. c_ﬁ. :_ﬁc,_ “ .c_c-
cessfullv than less important clements. To ,ﬁ._.:w::.f _..o:,m::v_ﬁ Hm ,;. e
ments hecome important, a model, suggested i its basic r:.:w Ji c.ﬁ::? N
(1977), will he emploved. In this model (see Hzr._o .:u the A,WM::W._M___M” ,:F.
importaiice are repr ssented as being U:.mc_.: within :_n Mn/ ,ﬁz\wr_zc s
experience of the reader, or within any task given to the _‘.,:q::m hile .:,&
determinants of importance probably interact in most r rac :.:J ,:_ J;: ﬁ‘ ﬁ- w.:.ﬁ
assignment of a task to a category is thus somewhat mﬁ_._u_ﬁ._.m_ﬂv t ~,n: :_ﬁ_ﬁnm:.w M:.-
system appears to represent a m:.imr%:..é.,:.m_ E:_ :‘::_.ﬁ._ma _:M..__ | for or-
m\.,::.i:m existing rescarch and :F,:_,.%. This _:._.& cc:.fﬁ_c?.:._d: .:. :_ .wﬁ ._H:::\
is intended to set the stage for the ?:,C/S:m ﬁ__mﬁ..:mfc: of s¢ oﬁw:.ﬁ L, ﬁ*. o
in reading. Explaining the details of Table 1 is beyond the scope o :

TABLE 1 Factors Determining the Importance of flements in Text

Text
Idea unit structure
Kintsch and van Dijk, 1978
Meyer and McKonkie, 1973
Text signals
Syntactic signals
Haviland and Clark, 1974
Imposed text signals
Titles
Kozminsky, 1977
"ypographical cues
Glvnn and DiVesta, 1979

Reader
Gencral story grammar
Mandler and Johnson, 1977
Thorndvke, 1977
Interest
Asher, 1980
Existing perspective _
Anderson, Reynolds, Schallert, and Goetz, 1977
Steffensen, Joag-dev, and Anderson, 1979
Assigned purpose
Assigned perspective
Pichert and Anderson, 1977
Assigned questions—goals _
Revnolds, Standiford, and Anderson, 1979
wc.z.rci, and Billington, 1979
Rothkopf and Bisbicos, 1967
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chapter. I'hope that the subtitles are selt-explanatory and many of the refer-
ences are already familiar to the reader. The point being established is that
there are many dimensions on which a reader may differentiate important
from unimportant text information. If the | arner can diserinminate the more
important content, scleetive attention should then allow the purposcinl
reader to process the important information in a manuner that optimizes the
retention of that material.

A simple explanation (Anderson, 1982) can he provided for the advantage
that “important” text clements enjoy in reading. First, this explanation as-
sumes that text elements must be processed to some minimal level so that
their degree of importance can be ¢ aluated. On the basis of this e aluation,
the text element then either receives additional attention or is dismissed in
favor of considering the next toxt element. Because of this differential tr at-
ment, the preferred text elements may be better retained. While other
explanations arc possible (Ansubel, 1963; Kintsch & van Dijk, 1978) and are
considered in other chapters of this text, this section will consider data
related to the hypothesis that importance influences recall because of differ-
ential attention.

This review wonld quickly grow bevond the limits of this chapter if every
study investigating directed ading were included. There are lite -ally
scores of studies in the area of interspersed questions alone (for reviews see
Anderson & Biddle, 1975: Andre, 1979). A more reasonable doniain can be
established by considering studies in which both a process and a product
rartable were obtained during the completion of a reading task. A summary
of 13 studies providing hoth tyvpes of dependent measures is provided in
Table 2. The columns in this table indicate how importance was established
in a particular study, the process variable that was emploved, whether the
product or process variables indicated differential sensitivity to the impor-
tant text elements, and whether the study attempted to determine that an
individual difference variable influenced attentional control. The product
variable in all stndies was some measure of prose retention.

The study by Reynolds et al. (1979) serves as a good example of the tvpe of
research done in this arca. This study focused on the indirect effect of
inserted postquestions. For those unfamiliar with this type of rescarch, in-
serted postquestions require that the reader stop during the reading task and
answer a question about the material that has just heen read. The indircct
effect of questions means that if the reader is continually asked one type of
question (c.g., the meaning of technical terms), this type of information
begins to receive more careful consideration in anticipation of future ques-
tions. In the Reynolds et al. (1979) study, subjcets read pages of text from the
screen of a computer-controlled terminal. Depending upon whether or not
the contents of a given page contained information of the type the subject




TABLE 2 Reading Studies Employing Product and Process Variables to Investigate Attentional Control

Individnal difference

interactions

Significant outcomes

Process variable

Iimportance established

Study

Recall, probe task, reading

Probe task reading times

Interest

Anderson, 1982

time

Recall, probe task, recading

Probe task reading times

Assigned perspective

time

Recall, reading time

Reading time

y grammar
Assigned theme

Story

Cirilo & Foss, 1980
Geiselman, 1975
Geiselman, 1977

Recall, reading time
Recall, reading time

Reading time

Reading time

Emphasized topic

(Background), recall—no;

Recall, reading time

Reading time

Assigned perspective

Reynolds

Goetz, Schallert,

ves

reading time

& Radin, 1983
Grabe, 1979

Reading time Recall

Assigned perspective

Stndy 1

Grabe, 1981

Recall

Reading time

Assigned perspective

Questions

Study 1

Study 2

Just & Carpenter, 1980

eve movement vari-

Recall,

Eve movements

grammar

Story

ables

; reading

) recall—ves

(Age

Recall, reading time

Reading time

Questions

Ramsel & Grabe, 1983

time—no
(Ability) recall—ves

Recall, probe task, reading

Probe task reading time

Questions

Reynolds & Anderson,

time

1982
Reynolds, Standiford &

Recall, reading time

Reading time

Questions

Anderson, 1979
Rothkopf & Billington,

Recall, reading time

Reading time

Questions

1975
Rothkopf & Billington,

1979

Recall, reading time

Recall,

Reading time

Questions

Study 1, 2
Study 3

eve movement vari-

Eve movement

Questions

ables
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was being asked to answer questions about, the contents of cach text page
could be defined as high or low in importance. The use of the computer
allowed for precise measurement of the amount of time spent on cach text
segment. After reading the passage in the manner just described, subjects
were asked to answer some of the questions that had previously been used as
inserted questions, some new questions about the same type of content, and
questions about other types of content. As might be expected, subjects did
better on questions that repeated questions asked while they were reading.
This finding represents a direct effect of the inserted questions. Subjects
who received a particular type of inserted question also did better than other
groups on new posttest questions of that type. This finding demonstrates the
indirect effect of inserted questions. The reading-speed data also demon-
strated that subjects spent more time on the pages containing the type of
information they were being questioned about. Reynolds et al. (1979) de-
scribed their results as reflecting the time-intensive process of selective
attention.

Reynolds et al. (1979) and the other studies summarized in Table 2 strong-
ly suggest that readers respond to the importance of text elements with a
differential allocation of attention. All studies cited demonstrated that the
important components of the text were more likely to be available for recall.
In addition, the vast majority of studies also indicated that on-line measures
of attention showed that important material was processed differently. Of
course, the tempting conclusion is that the differential allocation caused the
differences in retention. As was discussed earlier (see Section I1.C), a causal
relationship has been established in only a few cases (Anderson, 1982; Reyn-
olds & Anderson, 1982).

An important application of this research area may eventually involve the
study of individual differences in reading skill. A number of studies (Eamon,
1978-1979; Grabe, 1980; Grabe & Prentice, 1979: Ramsel & Grabe, 1983;
Reynolds & Anderson, 1982; Sanders, 1973) have demonstrated that more
capable readers are able to adapt their reading behavior more successtully to
an assigned task. Perhaps these differences imply that less apable readers
are preoccupied with basic reading tasks (e.g., decoding, lexical access) and
are either incapable of controlling or lack the r ading skills to control pro-
cessing activities. Unfortunately, the group differences to date have been
evident only in product variables. Studies of individual differences in atten-
tion (Ramsel & Grabe, 1983: Reynolds & Anderson, 1982) have not been
able to demonstrate a special attentional deficicney in the reading behavior
of the less able reader. Both good and poor readers appear to locate the
important material and attend to this material for a longer period of time.
However, this additional processing seems to benefit the better readers
more than the poorer readers. What is not evident from the existing research
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is what good and poor readers are doing during this period of extended
processing. It is very possible that during this extra time better readers are
engaging in activities that are in some way more purposcful, intensive, or
appropriate to the assigned task. Futnre work may profitably center on this

issue.

B. ATTENTIONAL FUNCTIONING IN HYPERACTIVE CHILDREN

This section examines the role that the ability to control attentional re-
sources may play in differentiating a partcular category of students from their
peers. No battles of cause and cffect are fought here. Rather, it is only noted
that differences in the ability to control attention have clearly been associ-
ated with age (Hagen & Hale, 1973; Miller & Weiss, 1981), hyperactivity
(Douglas & Pcters, 1979; Rosenthal & Allen, 1980), intelligence (Stankov,
1983), and learning disabilitics (Douglas & Peters, 1979; Samuels & Edwall,
1981; Santostefano, Rntledge, & Randall, 1965). The references provided
contain exeraplary reviews of many studies in the arcas mentioned. Ilyper-
activity is the only topic given additional consideration here. Ilyperactivity
is a syndrome present in children of at least normal intelligence who demon-
strate excessive motor activity and scem highly distractible (Rosenthal &
Allen, 1980). Ilyperactive children have difficulty functioning in the school
environment. Unlike learning disabled children, who snffer from a specific
difficulty, hyperactive children are likely to fall consistently hehind their
classmates in many academic arcas (Minde, Lewin, Weiss, Lavigueur,
Douglas, & Svkes, 1971).

This brief comment on hyperactivity and attention draws heavily on the
thorough literature review and theoretical arguments provided by Douglas
and Peters (1979). The interested reader is directed to this source for a
complete discussion of this area. Donglas and Peters (1979) argued that
theoretical explanations for the academic difficulty of hyperactive children
could be organized into two general categories: failures of selective attention
and failures to sustain attention. The model of attention utilized in this
chapter has acknowledged these two facets of attention, but has chosen to
deal with both within the same general model. As has been stated pre-
viously, others have found it more useful to maintain clear distinetions
among various attentional processes and have developed theoretical explana-

tions for cach process.

Rescarchers attempting to demonstrate that hyperactive children are defi-
cient in selective attention have viewed attention as a filter mechanism
(originally Broadbent, 1958). In this conceptualization, information impinges
on the person through several parallel sensory pathways. However, the

3. ATTENTIONAL PROCESSLES IN EDUCATION 67

person’s ability to process information is limited to a single pathway. Atten-
tion serves the purpose of filtering ont the surplus input. The hyperactive
child is claimed to have a defective filter that fails to block out irrelevant
stimuli from further processing and thns may overload the processing sys-
tem. I other words, the hyperactive child is controlled by the stimulus
environment rather than being able to exercise control over that environ-
ment. The intended task may be lost among other competing stimuli,

Rescarchers focusing on the ability to sustain attention have adopted a
conceptualization of attention similar to that advocated by Kahneman (1973).
The difticulty in this case is a failure not to direct attention, but to sustain a
focus when tasks require self-sustained and self-directed effort (Douglas &
Peters, 1979). Because the sclective-attention and the snstained-attention
positions can be clearly delincated, it should be possible to use ficld and
laboratory investigations to determine if cither position accurately explains
the difficulties of the hvperactive child.

1. Hyperactive Children and Selective Attention

Studies assessing the hypothesis that the hyperactive child suffers from a
deficiency of selective attention fall into two categories. The first category of
studies secks to demonstrate that the hyperactive child is particularly sus-
ceptible to distraction. Researchers attempt to demonstrate that the pres-
ence of irrelevant stimuli impair the performance of an assigned task. The
second category attempts to show that hyperactive and control children
perform differently on incidental learning tasks. In essence, these two cate-
gories of research reflect the opposite sides of the same premise. By attend-
ing less successtully to the targeted stimuli (distraction) the hyperactive child
may acqunire more knowledge of nontargeted stimuli (incidental learning).

a. Distractibility Research. To demonstrate that hvperactive children
are unable to screen out task-irrelevant stimulation, rescarchers hope to
show differential deterioration of the performance of hyperactive and normal
children as their responses to tasks with distractors are compared with their
performance on tasks without distractors. It is important to note that group
differences in performance are not enough to demonstrate the greater dis-
tractibility of the hyperactive group. The researcher must show that the
difference in group performance is signifi antly greater in the presence of
the distractor than withont it. A study by Cohen, Weiss, and Minde (1972)
provides a good example. Ilyperactive and control adolescents were asked to
(1) read color names (printed with black ink), (2) name the color of colored
patches, and (3) read color names printed in a conflicting colored ink. The
dependent variable was naming latency. The hypothesized attentional defi-
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cit was to be evidenced in a group by task interaction; the largest group
difference was expected when the colored names were printed in a conflict-
ing colored ink.

Major summaries of the research regarding the hypothesis that hyperac-
tives are more distractible do not appear to agree. Douglas and Peters (1979)
concluded from their own rescarch and from the rescarch of others that
hyperactive children are not more distractible. In spite of the fact that
essentially the same rescarch is summarized, Rosenthal and Allen (1980)
reached the opposite conclusion. Rosenthal and Allen (1980) concluded that
many of the studies failing to demonstrate group differeuces employed dis-
tractors that were tangential to the assigned processing task. A 90-dB horn
(employed in Dykman, Walls, Suzuki, Ackerman, & Peters, 1970) sounded
during a reaction time task would represent a good example, In this case,
different input modalities would clearly differentiate the central and tangen-
tial stimuli. To determine how hyperactive children were influenced by an
intratask distractor, Rosenthal and Allen (1980) asked subjects to match one
of two visual displays to a target. The displays could vary in the shape of the
form present in the display, the color of the display, and the position of a star
placed within the display. Only one of these dimensions was relevant to a
particular matching task. The other dimensions were either included or not
included on a particular trial to vary the level of distraction. The hyperactive
group was more adversely influenced by the addition of the irrelevant di-
mensions. However, other studies in which irrelevant dimensions were ei-
ther present or not have failed to demonstrate that hyperactive children are
most distractible. The study by Cohen, Weiss, and Minde (1972) discussed
at an earlier point is a good example. There appears no clear resolution of
these conflicting results. However, some researchers (Douglas & Peters,
1979) argue that differences in the way hyperactive subjects are defined
(perhaps learning-disabled students have been included) and whether a par-
ticular distraction task may actually require sustained attention or search
behavior can often explain the seemingly discrepant findings.

Field studies investigating the impact of providing stimulus-reduced
learning environments actually predated the laboratory studies of selective
attention. Zentall and Zentall (1976) reported that reducing sensory input
(e.g., Cruickshank, Betnzen, Ratzenburg, & Tannhauser, 1961) was once
the preferred method for handling hyperactive children in the clagsroom. A
common approach was to isolate hyperactive children in cubicles in an at-
tempt to reduce the distractions found in a normal classroom environment.
Hyperactive children might join their peers for group activities, but had to
complete their seatwork in an isolated booth or cubicle at the rear of the
classroom. These isolation studies represent a good example of the fact that
commonsense educational solutions are not always successful. Studies of this
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type (Rost & Charles, 1967; Somervill, Warnberg, & Bost, 1973) have failed
to reveal any advantage in academic performance. In fact, studies have
indicated that the hehavioral problems of the hyperactive child inercase in
isolation (Zentall & Zentall, 1976). Like the laboratory studics, field studies
have failed to consistently indicate that hyperactive children arc primarily
impaired by their distractibility. ,

b. Incidental Learning Studies. While studies of distraction assume that
the hiyperactive child is attending to irrelevant stimuli because performance
on the assigned task deteriorates, incidental learning studies attempt to
directly assess the processing of irrelevant information. In most cases this
?wc_::c:n, requests recall of the irrelevant information and either makes a
dircet group comparison on this variable (e.g., hyperactive subjects would
probably be expected to recall more irrelevant information than a matched
control group) or attempts to demonstrate a relevance by group interaction
(c.g., the more able group might be significantly better on the relevant task
and the less able group might be better on the irrelevant task). Some of the
tasks discussed in the section on purposeful reading (Section 1V, A) could also
be interpreted as providing information about incidental learning,

Only Peters (1977) has used an incidental lcarning task with hyperactive
and normal children. In this study, children were shown cards n.c.:ﬁ::_.:m a
picture of an animal and a household object. The subjects were told only to
remember the animals, but were later tested on the household cEmcS..‘Zc
group differences were present. It should be noted that a task of this type has
been used successfully to demonstrate age differences in incidental _\:.:‘:m:m
(Miller & Weiss, 1981), and thus the technique cannot be dismissed as in-
sensitive.

2. Hyperactive Children and Sustained Attention

. Earlicr in this chapter, a distinction was made between the selective and
intensive aspects of attention. This same distinction has heen made repeat-
@L._v\ by other authors (Anderson, 1982; Kahneman, 1973). It appears that
&:m distinction is critical in pinpointing the attentional difficulty of hyperac-
tive children. Douglas and Peters (1979) argued that distractibility and selec-
tive attention do not represent major difficulties for the _:%E.:.Q?o child
but that the hyperactive child has difficulty when he or she must sustain ::F“
concentration of consciousness.” This type of difficulty is likely to show up on
tasks that reward both strategic and thorough _:.ccomm._.:n. While the rescarch
wc be described here does not include typical school tasks, certainly .,o,:n_c_:-
ic activities such as reading an assignment or listening to a class mr.mc:mﬁ.o:
require strategic and thorough processing. B

A variety of tasks have been used to study the hyperactive ehild’s ability to
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sustain attention. Douglas and Peters (1979) difterentiate these tasks as vig-
ilance tasks and a more general category of complex tasks.

a. Vigilance Studies. Vigilance essentially represents a state in which
the subject is waiting for a particular event to happen. Responding before
the event occurs represents an error of commission, and failing to respond to
the event represents an error of omission. A common vigilance task used
with hyperactive snbjects is the Continuous Performance Test (e.g., Sykes,
Douglas, Weiss, & Minde, 1971; Weingartner, Rapoport, Buchsbaum, Bun-
ney, Ebert, Mikkelsen, & Caine, 1980). 1n this task, a series of single letters
is presented to the subject. The subject must respond to a particular letter
(e.g., A), but only after it is preceded by another letter (e.g., X). Hyperac-
tive children are more likely to fail to respond when appropriate and are also
more likely to fail to inhibit responses when the target letter is presented
without the required preceding letter. The fact that both types of errors can
be made less frequent when hyperactives are given methylphenidate
(Ritalin) (Sykes, Douglas, & Morganstern, 1973) has been used to argue that
hyperactives have an underaroused nervous svstem. However, recent data
(Weingartner et al., 1980) showing that the performance of normals can also
be improved with Ritalin brings this theory into serious question.

b. Complex Tasks. An interesting example of a complex task showing a
consistent difference between hyperactive and control subjects is Kagan’s
Matching Familiar Fignres Test (Kagan, Rosman, Day, Albert, & Phillips,
1964). In this task, a subject is shown a picture of a common object and is
then asked to pick a perfect match front among a group of alternatives. With
the exception of the target figure, the alternatives difter fromn the original in a
number of snbtle ways. It one case, the picture shows a teddy bear sitting on
a chair. The incorrect alternatives differ from the standard on such dimen-
sions as the shape of the chair back, the shape of the bear’s feet, and the
position of the bow around the bear’s neck. Error frequency and decision-
making latencies were originally used to differentiate the problem-solving
strategies of children. Reflective children took longer than average but made
few errors. Impulsive children responded quickly but made frequent errors.
Even on an intuitive level it should be clear why rescarchers interested in
the strategic behavior of hyperactive children began to use this task. Several
studies (e.g., Cohen, Weiss, & Minde, 1972; Juliano, 1974) have successfully
demonstrated that hyperactive children and adolescents perform in a more
impulsive manner than their classmates. Hyperactive children often lack the
systematic search strategies necessary to perform this task successfully. This
inability to sustain strategic behavior may contribute to deficient perfor-
mance in a variety of tasks.

It appears that tasks that require sustained attention or processing repre-
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sent a clear difticulty for the hyperactive child. Certainly these skills are a
prerequisite to many school activities. Future rescarch might show more
dircctly how this inability to sustain attention is involved in school difficul-
ties. It would seem that some of the reading tasks described previously (e.g.,
the imposed-perspective or imposed-question technique) would represent a
technigne with greater face validity for school situations. Because stimulant
drug therapy produces effects in the lab that appear more questionable in
the classroom (Barkley, 1977), research with more school-like tasks and
existing drug treatments might be particularly interesting.

V. SUGGESTIONS FOR CLASSROOM PRACTICE

The growing body of information concerning the factors which focus and
maintain human attention will most likely influence classroom practice in an
indirect manner. Even rescarch presented in previous sections of this chap-
ter, which dealt with typical classroom materials and situations (c.g., reading
text in preparation for an exantination) and demonstrated a significant way to
improve student functioning (e.g., inserted questions), can only suggest
approaches that teachers might take. Research on the direct classroom ap-
plication of these techniques is often lacking. For the most part, teachers
should expect to use general principles gained from research, in combination
with insights drawn froin experience and knowledge of situational factors, to
guide their decisions. This final chapter segment attempts to outline some of
these general principles and to summarize some of the studies most directly
attempting to influence the attention of students in classroom situations.
Before suggestions for classroom practice are given, an important prerequi-
site should be considered. Teachers must make conscious decisions to ntilize
techniques for maintaining or focusing student attention or to terminate an
activity when students arc no longer involved. Such decisions require that
the teacher he aware of the level of student attentiveness. Unfortunately,
there is evidence that not all teachers are able to distinguish attentive from
inattentive students (Brophy & Good, 1974). In discussing the level of teach-
er awareness, Kounin (1970) has coined the term “withitness.” Among be-
haviors evidenced by more “withit” teachers was a constant scanning of the
entire class while presenting a lesson, working with a single student, or
preparing materials. Not only does this scanning behavior result in a more
informed tcacher, but students aware that the teacher is monitoring their
behavior may attend more diligently to their work.

What should teachers watching for inattentive students look for? Good
and Brophy (1984) rccommended that teachers note (1) eve focus, (2)
whether students begin working after directions are completed, and (3)
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physical signs (e.g., writing) that students are engaged in scat ic_.._ﬁ These
authors and others (Brophy & Good, 1974; Jecker, Maccoby, Breitrose, &
Rose, 1964) cautioned that visible sigus are not always enough. Strict teach-
ers may be able to produce classroom settings in which students sit quietly
doing nothing. Teachers should ask students questions to obtain the most
reliable information concerning student task involvement.

While this chapter has attempted a common view of attention, it will be
most useful in this section to differentiate two forms attention might take.
The first form might contain student behaviors that exemplify alertness or
task involvement. While these terms do not refer to exactly the same phe-
nomena, both terms imply that the student is pursuing an appropriate task
with some degree of intensity. Teachers sometimes use the buzzword on-
task to refer to this situation. The second form involves sclective attention,
or discrimination. According to Piontkowski and Calfee (1979), selective at-
tention includes the ability to (1) locate the components of a situation that
may be important to a particular decision or task, (2) expend uz,m:zc::_
q@mv:_.com on these critical features, and (3) ignore other noncritical features.

In attempting to organize ways in which attention might be improved, one
further distinction might be useful. Changes in alertness or selective atten-
tion could occur because of changes in some characteristic of the student or
some characteristic of the instructional environment. While the teacher can
most easily change the instructional environment (e.g., scating assignments,
design of materials, use of questions), these changes cannot help the student
in other situations. The modification of student strategies or capabilitics
would improve student functioning in many learning situations.

A. MAINTAINING STUDENT ALERTNESS AND INVOLVEMENT

1. Environment-Based Techniques

Educational critics (e.g., Silberman, 1970) have frequently commented on
the dullness, repetitiveness, and passivity that exist in many classrooms.
Maintaining an optimal level of alertness under such circumstances is asking
a lot of the student. Good and Brophy (1984) offercd many suggestions for
wavs in which teachers can motivate students and keep them involved. One
_Amv\\ to student alertness is to prevent the classroom from becoming too
predictable and repetitive. Teachers themselves may become monotonous
and should attempt to vary voice quality and facial expressions, the type of
presentation (e.g., lecture, discussion), and the type of questions um._ﬂoﬁ_.
Lessons should also not extend beyond the point where students are actively
involved. In many cases, this would require that instruction t..cwmm& by a
series of brief lessons (elementary worksheets or the format of “Sesame
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Street” may illustrate this approach). Good and Brophy (1984) also recom-
mended that teachers interact with students in such a way that students are
continually involved in the learning process. First, they recommend that
teachers carefully focus the attention of students hefore heginning an ac-
tivity. They recommend that teachers employ a standard signal (e.g., “All
right, let’s begin”) to draw student attention, pause briefly, and then hegin.
Second, teachers are encouraged to keep lessons moving. Attention can
wander when the teacher spends too much time rehashing a point already
understood, engaging in needless review, becoming preoccupied with an
individual student, or struggling with a piece of instructional equipment.
Finally, tecachers should make students accountable for their involvement.
Part of teacher—student interaction should include questions. From time to
time, students can also be asked to provide comments on the answers of
other students so they will actively follow the entire discussion.

Other aspects of the classroom environment which teachers may be able
to control also seem to influence student attentiveness. One intriguing ex-
ample concerns the physical arrangement of the classroom. Dunkin and
Biddle (1974) describe an arca within the classroom that they label the
“action zone.” The action zone consists of the seats across the front and down
the center aisle and represents the part of the classroom in which the teacher
spends most of his or her time and carries on the major proportion of
teacher—student interactions. Students sitting in this area are more attentive
and achieve at a higher level. Schwebel and Cherlin (1972) moved students
either into or out of the action zone and found related changes in atten-
tiveness. Based on these results, Piontkowski and Calfec (1979) suggested
that teachers may improve the work of inattentive students by moving them
to the action zone. Why does sitting in or out of the action zone influence
attention? Piontkowski and Calfee (1979) suggested that being in the action
zone leads to greater student participation and more attention from the
teacher. Alternatively, Schwebel and Cherlin (1972) suggested that students
may think of themselves differently because of the seats they occupy and
may act according to their perceptions. In either case, teachers should be
aware that the spatial relationships that exist within a classroom in one way
or another can influence student attentiveness.

2. Student-Based Techniques

Some practitioners have assumed that the observed relationship between
task involvement and academic achievement was due to some characteristic
of the student. This perspective has led to attempts to change the student
rather than the environment. Cobb and Hops (1973) included the ability to
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attend to the teacher as one of several essential academic survival skills.
Students lacking competence in survival skills were found to do poorly aca-
demically (Cobb, 1972). Cobb and Hops attempted to modify student behay-
jor through hehavior modification techniques. A clock and light signalted to
the teacher and students when the entire class was engaged in appropriate
behavior. The entire group received reinforcement when time on task met
the necessary criterion for the day. Additional behavio -al techniques were
used with students who still had difficulty attending. The behavioral pro-
gram improved both student survival skills and a ademic performance in
comparison to a control group, who received no special treatment. Based on
this and other rescarch, Piontkowski and Calfee (1979) suggested that stu-
dent attention can be improved if the school environment rewards students
for attending. Several specific examples of applications can be obtained from
this source.

One reason behavioral approaches may be more productive than other
approaches in improving school performance (e.g., amphetamine therapy—
Barkley, 1977) is that the student is taught and rewarded for appropriate
behavior. Some students may not know how to attend to a lesson and may
have to be taught what attentive behavior is. Two studies with impulsive
students provide some insight into how direct instruction might be accom-
plished. Egeland (1974) and Learner and Richman (1984) attempted to im-
prove performance on the type of tasks emploved in the Matching Familiar
Figures Test (MFFT, Kagan et al., 1966) and then to determine if this skill
newly acquired would transfer to measures of reading comprehension. The
MFFT task requires that students match a target picture with an identical
picture presented among several alternatives. Impulsive children both re-
spond more quickly and make more errors than the typical child. Egeland
(1974) believed impulsive children make more errors because they fail to
note component parts and respond instead on a global busis. Direct instruc-
tion in both studies consisted of two components: (1) children were taught to
take more time in responding—in training, answers would not be accepted
until a certain amount of time had passed, and (2) children were given a
scanning strategy to use—Tfind components, compare target to alternatives
on each component, and climinate alternatives not producing a match. The
children were foind to be more reflective (slower and fewer errors) on the
MFEFT task after training. Surprisingly, both studies also showed that the
children improved their scores on tests of reading comprchension!

While a great deal more work has yet to be completed, it appears that the
ability to maintain attention can be directly tanght. As a possible place to
start, Bichler and Snowman (1982) suggested that younger students be al-
lowed to play games that require attention. Simon Says or Concentration
may represent good examples for younger students. It also appears that
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teachers or rescarcliers aSm_:.:m to improve attention mav have to give some
thought to what the students will he doing as thev attend and Hrm: find ~ 2.?
to develop those particular skills. Finally, mmc_z\_:_ (1974) said that ?‘z,c: ,:
Eus_._. ations require that the student learn to utilize the strategy in an :::,7
matic manner. He suggested this can be accomplished by ¢ adually iner as-
ing the difficulty of the task in a way that minimizes errors. For instance ,_.,:
the game of Concentration just mentioned, the number of pairs m,: a :;,Jd_
game could be gradually increased as the children become more M:_ccw _H :Zﬁ,
game.

B.  FACILITATING SKILL IN SELECTIVE ATTENTION

1. Environment-Based Techniques

In a novel area, learning to sclectively attend is a two-stage process. First
the students must gain some appreciation for the dimensions of ﬁr,c, #:::_w
:W% have been asked to work with. Then, the students must :ﬁe:w_, to the
dimensions that are relevant to a particular task and ignore the dimensions
that are irrelevant. An example may help illustrate this distinction f:ﬁ,_c:?
in an adult-education program are taking a course in wine tasting _.w,&.c_.c \z .
m::_o:,? will be able to compare several wines on a c_,:.:o:,_m.. o_.:_ .:20_.?%“
(e.g., fruitiness), the instructor will have to lelp the students :_:_c.ﬁ.,::_
what feature of taste, smell, or color a particular characteristic A_cﬁ._._.,_vmm

Piontkowski and Calfee (1979) argued that people are usually ?.c,z,‘ 5,:.&
at picking out salient dimensions. Usually, the teacher's major task ,(,m_._ W > t
r.@:u the student identify important sources of information and .A”(.é_.ﬁ_ L..ﬁw;%
w_c:m. Many practical examples of how to help the student focus attention ,c:
important information appear to involve some variant of the Von Restorfl
(1933) effect. Von Restorfl claimed that the isolation of an item mn_,:,:ﬁ a
F::cmc:cc:m background facilitated the retention of that item. m:::,::w
features m:cr as _:”ﬁ_: colors, loud sounds, and novelty can be used :,.
control the focus of attention. A teacher can print key words on the black-
board in large letters or in color: important lecture cc:._? can ,_x, cm V_Zﬁ,xcﬁ_
with a loud voice, and particularly important lectures can be w_~m~m~wﬁc.ﬁ_, :W a
:c.ed_ way (e.g., dressing in a costume from a particular historical tc..::_,v
(Bichler & Snowman, 1982). Sclective attention an also be encouraged in a
more @:.ﬁcmc?_ manner. Students can be asked to “really concentrate c_,g

z.:,f. its important” (Biehler & Snowman, 1982), can be r:.«c: gx?.__ mate-
:m_. in which important terms or phrases have been underlined AOM;_:W_N &
Fm_cr.ﬁ 1970; Mayer, 1984), or can bhe given questions to answer. Such
techniques are probably most useful when the student is unfamiliar ..: the
material heing presented or has poor selection skills A?,r:é“. Ewts: e
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Finally, sclective attention can be improved _J” _.Er._i:n %mr.:n.zﬂw;.
Piontkowski and Calfec (1979) discussed an example in é_:er %c:_._ﬁ.o_.:_ﬁ _.e:
were being taught to listen to the mc:dﬁ_ nc:E.zMﬁA_ r% a m_:.n_c :;S‘:_:w.:w
within the context of an orchestr: @E.r:._:z:eo. For instructional purposes,
Iy recorded so that the sounds generated by all
e muted. While this example is probably a bit
could not be expected to go to such lengths,
assroom setting can be quite hectic and
-actions. Piontkowski and Calfee

the music had been specia
but the key instrument we
extreme and most teachers
teachers should be aware that the cl

some students may suffer because of ,L_,ﬁ . howski and Gallec
(1979) suggested that the movement of many educational institutions toward
. D o . «

and multigrouped approaches has produced learning
e students may have difficulty. To combat ::,.mc
difficulties, they recommended that teachers make sure that »r..c_.m are ::.FA
retreats within the classroom so that as necded students could find a location
free of distraction. These suggestions should not be interpreted to :m.mz.: that
classrooms should be absolutely barren u:a._ quict. wﬁ@:&: (W _:C:mc_.f
1963) seems to indicate that there i an optimal ._m<e_ of E.c:ﬁ.: z.:n_ _uc._v.c
(and perhaps other sources of distraction or tension) that n,ﬂ.:.f. _:_v,c_:,n. C__.-
Cumstances, facilitate learning. T sachers mrc:r._ crmc_”<m their 422 ents :_: i-
vidually and determine when distractions are impeding | ,,.:..:_:n u.:a_ when
' 1t could bencefit from increased stimulation (e.g.,

more open-classroom
situations in which som

the learning environmen
background music)

2. learner-Based Techniques

Students can acquire skills that will allow ﬁrm_.: both to more .mm,mcz,<m_<.
differentiate the dimensions of a particular situation E:._ to mc_m,n.:<07 focus
on relevant dimensions. The key to learning to recognize &F, *m.,;:,_.mm c_.w-
sent in a particular situation is learning a /<.,.~.< to Aﬁm_.:?c::rwﬁ, %..m J:.ﬁ:w,ﬂ_
A frequently cited example of concept .FE.:.:E.A7?07:2v 1971) A.:.g F_ _;_m :
to illustrate how the function of operationalization can _.um accomplished. _H Mn
Tzi::n problem in this e ample is to acquire the ,,,E:v. :meo., s Aﬂ:.<_5 ﬁ._.ar-
nose certain heart conditions from electro .:._.A__cn -aphic czﬁn:;. The ﬁ:_:-
uli are pen tracings that are the c:€:~. of an e_wo:c ,ﬁ.ﬁrcn_.wcr. HAM‘ ﬁ_gc
uninitiated, the tracings look like a series of v..c:_mn_.< r:cm. Some 0 ﬁ_ﬁm
variability in the lines is significant and some i :i.. The r_.ﬁ_ m_ﬁ,c,_: the
learning .c_.ccmmm is to give students a system with which to _u_wm ﬁﬁ_n.w.n.Av_g,gnAnv-
nents of the tracings (see Fig. 2). Each heartbeat U_.cﬁ_.:cm.m five :ﬁ:,F:«.m.
deviations from a straight line, and these are labelled in ﬁ.rm c_..Lc_. of ?M,:
eP, Q. R S and T Once the features can be :._n,::mcﬁr a rela-
: d to produce a particular diagnosis. For oxw::v_ﬁ
amage—is present when the width of the Q

12

appearanc
tively simple rule is applic
an infarction—severe heart d
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FIG. 2. Dimensions involved in the categorizing of clectrocardiographic patter

wave is greater than a certain value (example D in Fig. 2). When students
can label or describe stimulus dimensions, they have acquired the knowl-
edge on which selective attention can be based.

Students can also learn strategies that help them selectively attend. One
example might be nnderlining or copying (Mayer, 1984; Rickards & August,
1975). In selecting certain segments of text, the reader may be able to
enhance the prominence of that material. One cantion must be noted. Sev-
eral studies (Idstein & Jenkins, 1972; Stordahl & Christensen, 1956) have
failed to produce a special advantage for underlining. Rickards and August
suggest this may have occurred because students were allowed to engage in
unlimited underlining. I the Rickards and August (1975) technique, stu-
dents were limited in the number of sentences that could be marked, and
this approach may have resulted in greater focusing on those sentences
actually underlined. Students can learn activities that may help them differ-
entiate material they think is important from material of lesser significance.

VI, SUMMARY

The goal of this chapter has been to link theory and rescarch on attentional
processes to the activities of the classroom. To accomplish this goal, a gener-
al model of attention was first developed. Within this model, attention was
essentially represented as a limited quantity of conscious effort that could he
expended on alternative information sources or cognitive tasks. To make this
definition a little more concrete, various ways in which attention has heen
operationalized were presented.

Attention is such an integral component of day-to-day school functioning
that a review of all possible applications would have been bevond the possi-
ble scope of a single chapter. Two exemplary topics, the role of attention in
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purposcful reading and the attentional difticultics of hyperactive children,
were selected to illustrate how the role of attention is studied as a compo-
nent of an academic skill and as a source of individual variability. It is hoped
that these extended examples and the brief comments on classroom applica-
tions will provide the reader with an understanding of the coguitive role
attention plays in educational tasks.
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TO PRODUCE UNDERSTANDING:
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[.  INTRODUCTION

Somewhere around the transition from the 1960s to the 1970s, a change of
some importance occurred in American psychology. During this period, the
psychology of human learning, which was far and away the most influential
arca of psychology, was transformed into the psychology of memory. This
transformation was considerably more than a change of topic labels; it con-
sisted of a very different way of thinking about human behavior, and it
involved a radical change in the thrust of psychological theory and research.
This transformation has had a tremendous impact not only on basic psycho-
logical topics, but also on the attempt to apply psvchological knowledge to
educational practice.

For at least 30 years prior to the late 1960s, the study of learning in the
United States was dominated by a perspective that focused on attempts to
develop “transition rules” that would describe how and why behavior
changed from one state to the next (Kessen, 1962). This perspective was
associative learning theory (or connectionisin), and it was such a dominant
force that the general term learning theory came to be synonymous with the
more specific, associative learning theory. Learning theory was a general
theory that was said to be able to explain learning in arcas as diverse as
animal learning (e.g., Kimble, 1961), adult learning (c.¢.. Dixon & Ilorton,
1968), child development (c.g., Munn, 1954). and mental retardation (e.g.
Estes, 1970). Morcover, at first glance, the theory would seem to be ideally
suited as a theoretical basis for approaches to education. It contained m:?_c.-
lines for establishing appropriate motivational states. for designing instre-
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tional sequences, for arranging appropriately spaced review sessions, and for
building in procedures and clements that would encourage positive transter
between instructional units.

In the late 1960s, the general consensus about the ntility of learning
theory began to unravel. Psychologists who were previonsly interested in
verbal learning and verbal behavior hegan to place increasing emphasis on
verbal memory (Tulving & Madigan, 1970). Developmental psychologists
began to express second thoughts about the theoretical adequacy of learning
theory (White, 1970), and educational psychologists began to question the
utility of the theory that provided the underpinnings for at least 10 years of
infatuation with educational technology (e.g., Rothkopt, 1968).

The main force of the theoretical shift away from learning theory began
with the explicit or implicit consideration of whether humans proces: infor-
mation in a manner similar to that of computers (e.g., Hunt 1971; Shiftrin &
Atkinson, 1969) and then quickly moved to a concern with describing the
structure and content of the human mind (e.g., Kintsch, 1974; Tulving &
Donaldson, 1972). This latter move resulted in an unfortunate state of affairs
for educational psychologists interested in developing theory-based ap-
proaches to instruction. The goal of education is the production of desirable
changes in behavior, and theories that are best suited for educational pur-
poses are those that focus on why and how behavior changes. The problem
with trying to apply the newly formulated cognitive theories to educational
practice was that the theories placed very little emphasis on how the strue-
ture and content of the mind came to be, or how it might be changed. The
cognitive revolution had resulted in the curious situation in which learning
theory had been replaced by newer theories that could not learn!

Whereas early cognitive theories placed little emphasis on the develop-
ment and change of cognitive structure, more recent theories have been
concerned with these topics. In the present chapter, recent cognitive theory
and research are reviewed, and the implications of this theory and research
for educational practice are discussed.

The thesis developed is that cognitive theory can provide the Dbasis for
approaches to the development of understanding and problem solving. More
specifically, in this chapter, a definition of what it means to understand is
proposed, a way of measuring understanding is described, and empirical
literature is reviewed that describes techniques that can be used to assist
students in acquiring understanding.

The aforementioned thesis is developed in several of the following sec-
tions. The section following this introduction presents a taxonomy of educa-
tional problems that dclineates them into two types: those that can be ap-
proached using cognitive theory and those that are best approached using
other theories. The next section (Section 1) reviews the relationship be-
tween working memory and long-term memory and describes how two dif-

4. INSTRUCTION FOR UNDERSTANDING 85

ferent theories view the process whereby incoming information interacts
with prior knowledge. The fourth and fifth sections are concerned with how
cognitive theory can be transformed into educational practice: Section IV
suggests an approach to the eritically important problem of how understand-
ing can be defined and measured, and Scction V reviews several empirically
documented procedures for inducing nnderstanding. The sixth and final
section of the chapter presents a modified Instructional Systems Design
model that could be nsed as a general approach to the development of
instructional materials designed to induce understanding and problem-solv-
ing skills.

II. A TAXONOMY OF EDUCATIONAL PROBLEMS

There are some things that cognitive theory can reasonably be expected to
do, and some things that it cannot do. In order to decide which is which, we
need to begin with a taxonomy of educational problems.

One way of thinking about educational problems is to divide them up into
four types: (1) problems involving observable student behaviors: (2) prob-
lems involving the mastery of basic low-level information; (3) problems in-
volving the understanding of complex materials; and (4) problems involving
the acquisition and utilization of problem-solving techniques.

A. PRrROBLEMS INVOLVING OBSERVABLE BEHAVIORS

Problems involving observable behaviors most often entail getting stu-
dents to engage in task-appropriate hehavior and getting them to not engage
in task-inappropriate behavior. Cognitive learning theory is ill-suited for
developing approaches to problems involving observable behaviors. A theo-
ry of the structure and processes of the mind is little help in designing a
program to change the behavior of an unruly student. Problems of this sort
can be dealt with effectively, however, through the use of behavior modifica-
don principles (e.g., Sulzer-Azaroff & Mayer, 1977). Operant learning theo-
ry, which provides the theoretical basis for behavior modification tech-
niques, is ideally suited for problems involving observable behavior, given
its emphasis on envirommental events and their consequences.

B. PROBLEMS INVOLVING MASTERY OF BASIC INFORMATION

The second type of problem entails the mastery of basie, low-level knowl-
edge. This kind of knowledge includes the mastery of low-level terms, vo-
cabulary, quantitative entities, and concepts that provide the foundation of
any area of study. Cognitive learning theory is again not particularly well
suited for developing approaches to this type of problem. ITowever, asso-
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ciative learning theory does provide valuable approaches to problems involv-
ing the acquisition of basic information. An enormous amount of instruc-
tional research was conducted in the 1960s and early 1970s that was based in
large part on associative learning theory (e.g., Anderson, Faust, Roderick,
Cunningham, & Andre, 1969; Snclbecker, 1974). This research provides
guidelines on developing practice schedules, review intervals, and condi-
tions of transfer, all of which are valuable components of an instructional

sequence designed to assure mastery of basic information.

C. PROBLEMS INVOLVING UNDERSTANDING

The understanding of complex information is a third kind of educational
problem. Understanding is one of those terms that early proponents of
behavioral objectives urged us to purge from our vocabularies because it was
so hopelessly vague that it could never serve as a meaningful educational
goal (c.g., Mager, 1962). But, our understanding of what it means to under-
stand has increased considerably in recent years, principally because the
question of what it means to understand is at the very heart of cognitive
theory. Moreover, this new insight into what understanding is has implica-
tions for the design of educational approaches having as their goal the devel-
opment of understanding.

Michael Reddy (1979) has written an interesting paper illustrating the
differences between old and new perspectives on understanding. Reddy
invoked contrasting metaphors to illustrate the erroneous implicit belief we
have about meaning in language. Reddy (1979) pointed out that the way we
describe meaning documents the existence of an unconscious acceptance of
what he has called the conduit metaphor of meaning in language. Consider
the following examples, which are merely a smattering of the hundreds of
examples Reddy has collected: “Did you catch what I meant?” “Your ideas
just don’t come across in vour writing.” “Your speech effectively conveyed
vour beliefs,” “Did you get the author’s message?”

Reddy argued that the preceding statements reflect the acceptance of a
model of meaning that says that the sender of a message packages the mean-
ing of the message in the form of speech or writing and sends that message
through some communication conduit, whereupon the receiver of the mes-
sage unpackages it and extracts the meaning. Reddy argues that acceptance
of the conduit metaphor means that one accepts the position that the mean-
ing of a message resides within the message itself. This is essentially the
implicit view of understanding contained in associative learning theory.
Within the framework of associative learning theory, memory is merely the
blackboard that experience writes upon, and mcaning must be contained in
the message on the blackboard.

Reddy (1979) argued that the conduit metaphor was wrong, and he offered
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a substitute that he called the ftool maker metaphor, which he believed to
more accurately represent the process of deriving meaning. Reddy began his
metaphor with the suggestion that communication between individuals was
analogous to interactions between people in slightly different environments.
Imagine, he wrote, that a resident of a heavily wooded arca has invented a
-ake to collect fall leaves. Proud of his invention, he transmits the plans for
the rake to a person living in an environment with few trees. The person in
the treeless environment cannot make sense of the original design. hut with
some modifications transforms it into a pick or a hoe—implements that make
sense in terms of the environment.

Reddy’s point was that pcople must interpret the plans for the rake in
terms of their own environment. Morcover, he argued, the process of deriv-
ing meaning from language involves an individual interpreting a message in
light of his or her own experiences and knowledge.

The perspective that the derivation of meaning from language involves an
interaction between a message and a person’s knowledge and experience has
come to be known as the constructivist view of learning and memory (e.g.
Bransford & McCarrell, 1974; Brown. Bransford, Ferrara, & Canipione,
1983; Jenkins, 1979; Rover & Cunningham, 1981). We do not receive the
meaning of a message. Instead, we must construct a meaning by interpreting
a message in light of our own knowledge.

The constructivist interpretation of learning and memory is at the core of
the cognitive explanation of inderstanding. Something is understood when
it has been integrated in a meaningful way into the learner’s existing knowl-
edge structure. When the learner does not have anv relevant knowledge that
an be used to construct an interpretation of a mes: age, memorization may
oceur, but understanding will not.

The argument that understanding involves the integration of new material
into existing knowledge structure is an interesting theoretical statement,
and, as [ argue here later, it provides guidelines for developing educational
approaches designed to enhance understanding. But before such approaches
can be developed, we must devise wavs of differentiating between the stu-
dent who has understood and the one who has not. In a later section, an
operational definition of understanding is proposed. but first let us describe
a fourth kind of educational problem.

D. PROBLEM SOLVING AND THINKING

The fourth kind of educational problem involves teaching students the
higher order skills of problem solving and thinking. When Glaser (1984)
reviewed the history of attempts to teach problem solving and thinking, he
noted that there were two general approaches. The first approach was to
view problem solving and thinking as a domain-free cognitive activity that
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could he generalized to many content areas and activities. The instructional
strategy derived from this perspective was to attempt to isolate the sequence
of steps a skilled problem solver engages in, and to then teach a student to
perform the skills in a systematic and sequential manner.

Glaser (1984) noted that the idea of problem solving and thinking as a set
of sequentially activated skills not tied to any particular domain of knowledge
was a perspective that followed naturally from the associative learning theory
tradition mentioned in the introduction of this chapter. However, he also
noted that there was a new perspective emerging—one which emphasized
an integral connection between the cognitive activity of problem solving and
thinking and knowledge within a specific content area. From this perspec-
tive, problem solving is not thought of as a domain-free set of cognitive
activities, but instead is linked, and perhaps even restricted to, a particular
domain of knowledge.

The domain-specific view of problem solving and thinking is naturally
linked to recent cognitive theory, just as the domain-free perspective was
naturally linked to learning theory. In a later section, the link between this
perspective and cognitive theory is discussed in more detail, along with
techniques for translating the perspective into instructional design.

E. SUMMARY

To sum up this section, educational problems can be divided into four
types: problems involving observable behaviors, problems involving the ac-
quisition of basic information, problems involving the understanding of com-
plex material, and problems involving problem solving and thinking.

Cognitive theory is not well suited to guide approaches to the first two
types of problems. Instead, operant learning theory is ideally suited as the
basis for the development of approaches to problems involving observable
behaviors, and associative learning theory is ideally suited for developing
approaches to problems involving the acquisition of basic information. Cog-
nitive learning theory can, however, be valuable in developing approaches
to problems involving understanding and those involving problem solving
and thinking. Both of these types of problems can be thought of as involving
the development of appropriate relationships between incoming information
and the learner’s existing knowledge, and the explication of such rela-
tionships is at the heart of cognitive theory.

. WORKING MEMORY AND LONG-TERM MEMORY

Theories that have been proposed since the late 1960s have compartmen-
talized memory in a varicty of ways. These include divisions into short- and
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long-terim memory (e.g., Shiffrin & Atkinson, 1969), episodic and semantic
memory (e.g., Tulving, 1972), and declarative and procedural knowledge
(c.g., Winograd, 1975). One distinction that has remained fairly constant,
however, is the differentiation between one aspect of memory that is the
repository of previously acquired information, and a second aspect of memo-
ry that deals with that material that is currently and actively involved in
ongoing processing. The repository memory is referred to here as long-term
memory, and the active memory is referred to as working memory.

Working memory is generally thought of as the place where the construe-
tive process occurs—that is, the place where incoming information makes
contact with prior knowledge and the interaction between the two produces
an interpretation of the incoming information. Theories that provide a com-
prehensive perspective on this constructive process must do at least four
things. First, they must specify the nature and the organization of the mate-
rial that is represented in memory. Second, they must specify how some
subset of long-term memory (working memory) becomes active when pro-
cessing verbal information. Third, they must specify how incoming informa-
tion interacts with knowledge alrcady in working memory during the process
of constructing an interpretation of the incoming message. And fourth, the
theory must specify how the newly interpreted information becomes part of
long-term memory. In order to provide examples of how theories satisfy
these requirements, two quite different theories of cognition are now
reviewed.

A.  KINTSCH'S THEORY

Walter Kintsch and his colleagues (e.g., Kintsch, 1974; Kintsch & van
Dijk, 1978) have developed one of the most comprehensive of the new
cognitive theories. Kintsch’s theory indicates that written text (and presum-
ably language in general) can be divided into elemental units called proposi-
tions. Propositions can then be arranged into a hierarchical structure called a
coherence graph that describes the position and thematic importance of the
propositions in the text. This description of a text (called a text hase) has heen
shown to have psychological utility, in that variables like propositional densi-
ty, thematic importance of ideas, and thematic redundancy of the text have
all been shown to be related to a subject’s ability to recall a text after reading
or listening to it (c.g., Kintsch & Vipond, 1977).

Kintsch and his colleagues have proposed that readers process a text base
in a number of steps. First, at the start of reading, a limited number of
propositions are drawn into working memory. Long-term memory is then
searched for relevant material, and one or more propositions are transferred
to working memory to serve as an anchor point for the construction of a
memory representation. When a representation is constructed, highly
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important propositions are selected to remain in working memory to serve as
anchor points for the next cycle of incoming propositions, and then recently
constructed memory representation is transferred to long-term memory.
New propositions are then drawn into working memory, and the process is
repeated without a scarch of long-term memory. A scarch of long-term
memory (called a reinstatement search) is initiated on subsequent cycles
only if the propositions retained in working memory are irrelevant to the
propositions coming in on any given cycle.

In Kintsch’s theory, text processing results in two kinds of memory repre-
sentations. The first, called the microstructure representation, preserves the
explicit details of the text base. The second type, called the text maerostruc-
ture, encodes the gist of the text. Both the microstructure and macrostruc-
ture text representations are represented and organized in memory in accor-
dance with the semantic aspects of the material. That is, materials having
similar meanings will be stored in the same location.

The constructive principle of meaning is clearly operative in Kintsch’s
theory. Representations of the meaning of incoming text is constructed in
working memory in a process that involves the interaction between incom-
ing material and prior knowledge. Morcover, if it were the case that the
reader did not have any prior knowledge that could be used as the starting
point for the construction of a text representation, the process could not
occur, and the rcader could not comprehend the text.

Kintsch conceptualizes working memory as a location in memory that
serves as an interface point between long-term memory and incoming infor-
mation. Incoming information and prior knowledge are drawn into working
memory, processed, and then transferred back to long-term memory for
storage. A very different conceptualization of working memory is present in
the next theory

B. Rover's NUROGEN THEORY

Royer (1985) has presented a model of reading that is based on a biological
metaphor as contrasted to the computer metaphor that underlies most of the
current cognitive theorics. The most clemental units in the model are
nurons that have many of the basic propertics of neurons. That is, they can
be excitatory or inhibitory; thev have thresholds for firing; and they can
connect with other nurons. Connections between nurons form when two
nurons that arc physically next to one another become simultancously ac-
tive. Networks of interconnecting nurons build up and become units, called
nurogens, that have some of the properties of nurons. For example, they
have thresholds for firing, and they can spread activation to other nurogens.
Nurogens are organized into a hicrarchical system having six levels (called
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echelons) (see Fig. 1). At the lowermost echelon are nurogens that corre-
spond to letters. These nurogens are formed by the simultancous activation
of a set of feature detectors that correspond to a particular letter. Letter
nurogens feed upward to the second echelon, which contains nurogens rep-
resenting particular spelling patterns that are formed as a function of fre-
quencey of encounter. For example, there is a spelling pattern nurogen corre-
sponding to "AD” hut not one corresponding to “YQ”. At the next echelon
are nurogens corresponding to words. Word nurogens are defined by their
connections to lower level spelling pattern nurogens. As an instance, the
nurogen corresponding to “BIRD™ is connected to the spelling pattern
nurogens “BI7 and “RD”

SCRIPTAL ECHELON

EPISODIC ECHELON

SYNTACTIC
& CONCEPTUAL ECHELON

WORD ECHELON

SPELLING PATTERN
ECHELON

LETTER ECHELON

FEATURE DETECTORS

FIG. 1. The hicrarchical structures of Rover’s nurogen model.
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Word nurogens are connected to nurogens in the higher level ec:.cocgm_r
svntactic cchelon. These nurogens consist of conceptual and Q:EQWE ate-
n.camm. For example, there is a nurogen that ﬁc?.cmc:?“: BIRD” in the
conceptual sense and noun in the mv::.mo:.o& sense. dE fifth echelon con-
tains .w?mc%o nurogens that represent r.m@:m::w exc.S._c:coQ events. At the
uppermost echelon are nurogens that _.m.c_.cmc:ﬁ mn.._.:ug_ events &:; n..cu.?.r
spond to the repeated contiguous activation of a :::.:VQA.. of mw.mc%o
nurogens. The final component of the model depicted in Fig. 1 is con-
sciousness. Consciousness can move from one echelon to another, but in
general, it is directed to the uppermost active mormr.:_m. Thus, if the reader
is reading familiar material that poses no comprehension problems, he or she
will not be consciously aware of letters, words, or even the cc.:cccgz_
nature of the incoming material. Instead, the reader will be aware of how the
incoming information relates to _..:..nﬁ. v.o_..:x:_.,,::_ mcmmc%o..:.::m.
Nurogens fire when the level of activation rises above a r::m threshold.
When they fire, they spread activation to those nurogens Szérwcr :Fw\ are
connected. Therefore, when the spelling pattern nurogens “BI” and "RD
are simultaneously firing, activation feeds upward activating the word
“BIRD” and the firing word murogen, in turn, feeds activation

nurogen ] .
sulting in the activation of the concept nurogen corresponding to

upward re
“BIRD.”

In addition to spreading activation upward, a firing nurogen also mc_.mu%,
activation to the adjacent lower echelon. This can result in a mm,:m:_.xmc.c: of
the lower echelon nurogens. Sensitization is a term used to refer to a raising
of the firing potential of any nonactive ::_.cnm:.. >m. an example, when the
concept nurogen “BIRD” is active it mmm% uo:é.:c: mcé:é...:ﬁ_ to word
nurogens such as “ROBIN,” "WREN.” etc. This sensitization of éw&
nurogens connected to the active concept nurogens E >ans ﬁ._:: less .mxo_g-
tion feeding upward from spelling pattern nurogens is required to fire the
sensitized word nurogens. .

The nurogen model assumes that both listening and _..w,.:r:n.oc::z...wrc:-
sion are heavily interrelated processes. At the time that a child begins to
learn to read, the speech comprehension system is well developed. H_:.m
includes development up through the episodic and perhaps even the mc_._cg_.
echelons. The development of reading skill is assumed to be the process of
developing the reading analysis system to a point where decoded words are
fed into the conceptual echelon of the speech analyses system at a rate
sufficient to initiate firing activity in the episodic echelon. . o

The nurogen model proposes that reading entails the successive activation
of nurogens up through each echelon of the nurogen system. Hr,c model
assumes that when a nurogen fires, it continues to fire for a matter of seconds
in a steadily decreasing reverberatory firing pattern. When in the rever-
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beratory firing pattern, the nurogen continues to pass excitation to upper-
level nurogens, and it continues to sensitize lower echelon nurogens. When
the reverberatory firing of a nurogen dampens below firing threshold, it does
not immediately return to a resting state level of activation. Complete return
to resting state takes time, and a for matter of time following the decline to
below-threshold activation, the nurogen is sensitized relative to resting state
nurogens.

The reverberatory firing assumption allows one to define working memory
as that part of the system that is either actively firing or in a highly sensitized
state. Conceptualized this way, working memory is a time-constrained cog-
nitive capacity. Some individuals may have relatively long reverberatory
firing patterns, others relatively short patterns. Long patterns would be
particularly advantagcous when processing long clausal strings, as in the
sentence, “There are writers who believe not only that the concepts under-
lving language antedate the acquisition of language but that they antedate
experience.” Long clausal strings require that many conceptual-syntactic
nurogens be kept in a firing state in order to feed enough excitation upward
to activate an episodic nurogen and thereby provide an interpretation of the
sentence. For instance, a reader with a short _.ced_._vm_.z::.% pattern might
begin reading the cxample sentence and have that part of the nurogen
system corresponding to “there are writers” dampen below firing level be-
fore reaching the end of the clause. If so, the reader would have to reread
the sentence in order to understand it. In comparison, a reader with a long
firing pattern would have much less difficulty in maintaining firing until the
end of the clause was reached. The same principle would influence the
comprehension of readers differing in decoding skill. A proficient reader
having highly automatized decoding skills could rapidly activate nurogens up
to the conceptual-syntactic level, which in turn would activate an episodic
nurogen. In contrast, a reader having poor decoding skills might find that
nurogens activated by words at the beginning of a clause would dampen
before the end of the clause was reached.

C. SUMMARY

This section began with the observation that most theories of verbal cogni-
tion divided memory into a dormant repository of acquired information and
an active section of memory where interpretations of incoming messages
were constructed. The first of these types of memory was called long-term
memory and the second was called working memory.

Two different conceptualizations of working memory and long-term mem-
ory were then reviewed. Walter Kintsch views working memory as a lim-
ited-capacity memory structure that receives incoming information and in-
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formation retrieved from long-term memory, combines the two, and :J.:
sends the newly constructed representation back to _c:m-?,_A..: memory for
storage. In comparison, Rover’s nurogen model &&.:F,m éc_‘_.,,_:m,.:.H.E:w_.w ~
that part of long-term nmemory that is currently in an active :::m HJE?.
Another difference is that working memory in the nurogen _:c.ﬁ_e_ is imag-
ined to be time-constrained rather than capacity-constrained as it was in the

Kintsch model. . .

Despite the differences hetween the two models with respect to ‘rg.csﬂ
working memory functions, they do agree on the central role of wor H:.r
memory in the cognitive process. Moreover, they both assume that ::Lw_.
standing is a constructive process involving both prior r:oé_cﬂ_ne .EZ._ _:.T
coming information, and that the constructive process itself operates within

working memory.

V. TRANSFER OBJECTIVES AS AN OPERATIONAL
DEFINITION OF UNDERSTANDING
AND PROBLEM SOLVING

To this point, it has been suggested that ocm.:.z,d theory _:.c.i.ﬂ_mm il /,ﬁ_v__c
approach to educational problems concerned with ::Lc_.mg._:_:i.:._:_ prob-
lem solving, and two theories of how memory representations of inconing
information are constructed have been reviewed.

We are now ready to take the first step toward translating oc.r:::mc .:.Ec_..<,
into educational practice. That step is to develop an operational definition of
understanding and problem solving. . .

One powertul clement of the technology-of-instruction :ﬁ?.cznr,ﬁcc:_p:.
during the 1960s was the use of behavioral objectives as a standard of instruc-
tional success. However, understanding was one of those terms that edu-
cators were urged to purge from their vocabularies because m.ﬁ was :ccc_m.mm_%
vague. In this section, a procedure for defining understanding is L..cmc_.__voﬁ_
that would allow an educator to inclnde understanding as a well defined and
measurable behavioral objective. .

There are several educationally relevant ways to define understanding.
One way refers to the reception of a verbal _:cmmzmo.‘: a teacher tells a
student .mc_:o:::m and then asks, “Do vou understand?” a positive response
age had been received and the student had a
students whether they

would indicate that the mes:
subjective sense of comprehension. Although :mr_.:m ts .

have understood something is an acceptable way of ascertaining whether a
message has been passed from one person to another, it is ré::.m::.«, :c.~ a
good way to determine whether students have ::Lc_.mfcg the instruction
they have received. In these situations, a much better index of whether a
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student has understood the instruction is the demonstration that the student
can use the instruction in a meaningful way.

The idea that understanding can be assessed by the ability to use knowl-
edge is simply an extension of the idea that the comprchension of instruc-
tions can be ascertained by having the recipient perform the actions de-
scribed in the instructions. Thus, an index of whether a student
“understands” long division can be obtained by having the student complete
long-division problems. If one thinks about use as an operational definition
of understanding, it quickly hecomes apparent that there are various degrees
of use associated with most forms of knowledge. Taking the long-division
illustration as an example, successfil completion of problems identical to or
very similar to those experienced during instruction is a lesser accomplish-
ment than solving completely new problems. Extending this idea further, it
would be even more impressive if the student nsed his or her long division
skills in situations encountered outside the classroon.

UNDERSTANDING AND THE TRANSFER OF LEARNING

Use as an index of understanding is equivalent to the idea that the ability
to transfer learned information is evidence that understanding is present.
Moreover, the literature on the transfer of learning can be used to provide
some focus to the idea that the ability to use knowledge provides an objec-
tive index of understanding.

In his review of theories of the transfer of | carning, Rover (1979) made
several distinctions about transfer that are relevant to the present discussion.
One distinction, for example, was hetween near and far transfer, Near trans-
fer involves a situation in which there is a great deal of overlap between the
stimulus elements present during instruction and those present when the
transfer task is completed. An example of near transfer would be a situation
in which a test for acquisition of lcng-division skills is given in the same room
where instruction occurred, and the test involves problems very similar to
those enconntered during instruction. In comparison, far transfer would he
evident if the student performed the skill in @ context very different from
that of the classroom. An example of far transter of long division would De if a
student appropriately reduced the ingredients in a recipe for 10 people to a
recipe for 4 people, without being told that long division could be used to
accomplish this task.

A second distinction that Rover made about transfer is also relevant to
developing an operational definition of understanding. Royer (1979) sug-
gested a distinction hetween what he called lite ral and fignral transfer, Liter-
al transfer was said to involve the transfer of an intact skill or bit of knowl-
edge to a new learning task. The utilization of long division skills both in and
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out of school settings would be an instance of literal transfer. Figural trans-
fer, on the other hand, was said to involve the use of some segment of our
world knowledge as a tool for problem solving, thinking, or learning about a
particular problem or issue. Royer suggested that the clearest instances of
figural transfer could be found in the use of figural language such as meta-
phor, analogy, and simile. When one says that “encyclopedias are gold-
mines” or “man is like a computer,” the listener is being asked to use the
knowledge they have about the referent of the statement as a tool for under-
standing or thinking about the subject of the statement. The link between
figural transfer and understanding has been explicitly made by other writers.
For example, the physicist, Robert Oppenhcimer (1956), wrote, “Whether
or not we talk of discovery or of invention, analogy is inevitable to human
thought, because we come to view things in science with what equipment
we have, which is how we have learned to think about this relatedness of
things. We cannot, coming into something new, dcal with it except on the
basis of the familiar and the old fashioned™ (p. 129). Donald Schon (1963) has
made an even more detailed argument that true invention (including the
development of scientific understanding) always involves the displacement
of metaphor. That is, the utilization of a well-understood body of knowledge
in an entirely new context.

The distinctions between near and far transfer and literal and figural trans-
fer can be used as a basis for providing an approach to the degrees-of-
understanding problem mentioned bhefore. The near—far transfer distinction
reflects the degree to which the conditions of transfer task performance
resemble those of instruction. The idea is that far transfer, in which there are
few cues available that would indicate that a particular skill should be used,
represents a higher level of understanding than near transfer task perfor-
mance. The reason is that a student who performs successfully in far transfer
situations is almost certain to be able to perform successfully in near transfer
situations when both situations involve the same skill. However, the con-
verse is not true. Students who can perform successfully in near transfer
situations may not be able to successfully perform a far transfer task.

The literal-figural distinction adds a complementary dimension to the
near—far distinction. Whereas the near—far distinction is a distinction about
the conditions under which instruction and transfer tasks are performed, the
literal—figural distinction is a distinction about the nature of the skills them-
selves, Literal transfer involves the transfer of an intact skill or bit of knowl-
edge. Declarative knowledge (e.g., Winograd, 1975) is an example of the
kind of information that is involved in literal transfer. In contrast, figural
transfer involves the transfer of a much more abstract and general form of
knowledge. Procedural knowledge (e.g., Winograd, 1975) and high-level
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schematic knowledge (c.g., Chi, Feltovich, .% Glaser, 5@3 is charac-
teristically the kind of knowledge involved in figural :.:.:,#2... e tals

Examples of the literal and figural distinction can be ?:.:A_A_:‘_F,: .Q_ al HN
(1981) rescarch on the differences between experts and novices .,e F_va_/\h“”
physics problems. Novices tended to group problems Sm.ﬁrm_ on M n VA ,_,.
of their surface-structure features (c.g., the objects mentioned in :ngc__cm
lems or the physics terms mentioned). In nc:qwﬁﬁ the mxcw_.wm ?.ﬂ ,m‘ﬁ _:AW
group problems in terms of the major c,r.(, ic ?._:.c%_c mc,f.::wmﬁug.c Mc -
tion of cach problem (e.g., the law of conservation of energy, New c.:vv_
Second Law). After suggesting that the concept of schemata best A,u.cﬁ:w_ﬂ
the nature of the knowledge being utilized in their problems, O_,: et .W._
(1981) went on to describe the differences between the schemata A.;_ nﬂ%ﬁ _,f
and novices: “Experts’ schemata contain a great A_m:._ Cm. procedura .:Aw,w\ -
edge, with explicit conditions for applicability. Novices v.nr.w::z: E,_%L Hm
characterized as containing sufficiently elaborate declarative ._A_:Z_< An rn
about the physical configuration of a potential problem, but lacking abstract
solution methods™ (p. 151). .

The near—far distinction and the _:n._.:_\mm:.ﬂ.:_ ﬁ:m:.:mw_c: can be .n._c,:,ﬁ
Dined to provide a nieans of characterizing :.z.:m?:. tasks. W._m.:..m N w.:.czﬂ._w Mw,,
graphic representation of such a system. If the goal of .:.m::nﬂc:_ , n.
understanding of basic skills or concepts, such ::Ln;.im:n_:_.m can be ( ::%:*,
strated by selecting transfer tasks that would be contained in C:.mn__:,:m_ﬁ .[;c
Fig. 2. If the instructional goal is concerned with the :_&n.,_.ﬁ,,::_::um w :M, M.
level abstract knowledge, transfer tasks could be selected from Quadrant 4 0
Fig. 2.

V. APPROACHES TO ENHANCING UNDERSTANDING

Given that the goal of instructional efforts based on cognitive :Ec,_._%, __m _3‘
develop understanding, and given that ::A_c..mﬁ::__wm an be zvv_cv,wwﬁ, vw
determining if instruction transfers, the next A:.F,m:c: is. ,,u._:; does Q.vrw
nitive rescarch and theory provide in the way of n::_cr:ﬁ for Lc«d_oc:.__m._,
instruction that will encourage understanding? First, there is a very .mc.:wﬁ
answer to this question: Understanding will be enhanced when the _:J:‘:n.-
tional material can be integrated into the learner’s existing _.:...cs,_cﬁ_mm. ﬁﬂn-
ture. This general answer breaks down into two more mc.mc_:n ANSWETS. _.ra,m
first of these is that nnderstanding can be enhanced by increasing the li .w-
lihood that students will bring appropriate knowledge to bear ,e‘rc.M._.ewM__,m
ing instruction. Second, understanding can _.E .o:_E:QwL by Ec,.:. :M,., H,._
student with new information that will assist in integrating the instruction:
material into existing knowledge structure.
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A, ACTIVATING EXISTING PRIOR KNOWLEDGE

The first approach to encouraging understanding is to activate knowledge
that the students alrcady have so that incoming information can then he
integrated into the activated structure. One of the simplest techniques for
doing this is the use of nmemonics. The most thoroughly documented edu-
ational use of muemonic procedures is a technique called the kevword
method.

1. The Keyword Method as an Example
of a Mnemonic Technique

The term keyword method was coined by Richard Atkinson (Atkinson,
1975) to describe the technique of foreign language vocabulary | sarning that
involves associating the foreign word with a well-known concrete English
word that is called the keyword. The kevword need not have a meaning
relationship to the forcign word. It must, however, be similar in sound. For
instance, the kevword used by Raugh and Atkinson (1975) to teach the
Spanish word for duck (pato—pronounced pot-o) was pot. As another exam-
ple, the kevword for learning the Spanish word for horse {caballo—pro-
nounced cob-cye-vo) was eye.

The keyword method divides vocabulary learning into two stages. The
first step requires the student to associate spoken forcign words with the
keyword. This association is generally learned quickly hecause of the sound
similarity between the foreign word and the kevword. The second stage
requires the subject to form a mental image of the keyword “interacting”
with the English translation of the foreign word. For example, the student
might form an image of a duck with a pot on its head as an aid in | arning the
meaning of pato. As another example, the student might imagine a horse
with a large eve in the middle of its forchead as an aid in learning the
meaning of caballo.

The kevword technique has proven to be a remarkably effective technique
for acquiring foreign language vocabulary words in a ariety of settings and
with a number of different kinds of students. Atkinson and Raugh (1975) had
one group of Stanford University undergraduates study a 120-word Russian
vocabulary list using the keyword method while a control gronp instructed to
learn the words in any way they chose studied the same list. At the end of a
set period of time, the group using the keyword technique had learned an
average of 86 words whereas the control group learned an average of 55 of
the words. T addition, this learning advantage persisted over time. When
tested 6 weeks later, the keyword gronp remembered the meaning of 43% of
the 120 words, whereas the control group remembered only 28% of the
words. In another study involving college students, Raugh and Atkinson
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(1975) reported that a group using the keyword method ntastered 88% &,, a
60-word Spanish vocabulary list whereas a control group studying the list for
the same period of time mastered only 28% of the list. .

The kevword method has also proven to be a very effective means of
learning m.z.mﬁ: language vocabulary with much vounger students. Pressley
and Levin (1978) and Levin, Pressley, McCormick, Miller, and Shriberg
(1979) have reported a number of experiments that involve teaching elemen-
tary age children the meaning of Spanish words. In every study involving
children in this age group, those students who used the keyword method
learned the meaning of more words than did students who used their own
methods to learn the words. Moreover, the margin of advantage for the
keyword students was frequently greater than 2:1. -

Thus far, the reviewed research has focused on the acquisition of foreign
words. We now consider evidence that not only does the keyword method
produce superior acquisition, it also meets the criterion for understanding in
that it produces superior transfer. Pressley, Levin, and Miller .C@@S re-
ported several studies in which college students learned the definitions of
infrequently used English words using either the keyword technique or
using a technique of the student’s own devising. The students then per-
formed a variety of tasks that included identifving when a targeted word was
used correctly or incorrectly in a sentence, selecting the correct sentence
into which a targeted word could be inserted, and constructing a sentence
that involved the correct usage of a targeted word. In all of these transfer
tasks, the groups that learned the words using the keyword technique per-
formed at a level superior to that of the control group.

Using munemonics represents one of the simplest means of activating prior
knowledge as an aid in achieving meaningful learning of new material. The
research reviewed focuses on the acquisition of vocabulary words, but it
should be noted that the technique could be used for acquiring a variety of
kinds of information such as technical names and the names of people or
places (Lorayne & Lucas, 1974).

2. Using Analogies to Facilitate Subsequent Learning

Another way of activating prior knowledge that can then be used to facili-
tate subsequent learning is through the use of analogies.

Royer and his associates (Royer & Cable, 1975, 1976) have reported sever-
al studies using this technique. They wrote two passages, one of which was
concerned with the transfer of electricity through metals and the other of
which was concerned with the transfer of heat through metals. Each of these
passages was then rewritten in two forms. One form—called the concrete
form—was written in an casily understandable way that made extensive use
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of analogies to assist in the understanding of difficult concepts. The other
version

alled the abstract version—was purposely written in a highly
abstract style that was supposed to be difficult to understand. Royer and
Cable (1975) chose heat and electrical conduction through metals as topics
for their passages because of the considerable similaritics between the two
phenomena. Metals are excellent conductors of both heat and electricity
because they are crystalline in structure and they have a great many free-
floating clectrons. These properties were explained by analogy in the follow-
ing way:

Heat transfer actually involves the transfer of molecular motion. In the case of heat
conduction through metals this transfer of motion occurs through a solid substance
such as a bar of iron. If we were able to examine a bar of iron through an extremely
powerful microscope, we would see that the interior consists of a series of regularly
shaped and spaced structural units known as crystal lattices. In order to picture these
lattices, imagine a box made of many tinker-toys with smaller boxes inside consisting
of other joined tinker-toys. The solid round parts of the tinker-toys would correspond
to the molecules within the crystal lattice. In our bar of iron, which is a good
conductor of heat, each of the bonded molecenles within the lattice has associated with
it several "free floating” electrons. ach crystal lattice then is an orderly array of
molecules surrounded by a cloud of electrons that are not attached to any particular
molecule, but are free to move at random through the lattice. You can picture this by
imagining many tiny particles floating through the series of tinker-tov boxes. (From
an experiment reported in Rover & Cable, 1975)

By using analogies such as the tinker-toy analogy in the preceding pas-
sage, Royer and Cable (1975) hoped to activate prior knowledge that eould
be used to facilitate the understanding of the material being presented in the
passages. This understanding could then be assessed by presenting the stu-
dents with related material and seeing if what they had learned previously
eased the learning of the related material—in short, determining whether
the learned material would positively transfer to the learning of additional
material.

The results of the Royer and Cable (1975) experiment supported the
prediction that activating knowledge by using an analogy would case the
learning of subsequent related material. Students who read the analogy
material prior to reading a second passage learned at least 40% more from
the second passage than did a group that did not read the analogy material.

The results of the initial Royer and Cable (1975) study have been repli-
cated many times (Perkins, 1978; Royer & Cable, 1976; Royer & Perkins,
1977). In addition, Royer and Perkins (1977) were able to demonstrate that
the meaningful learning produced by using analogies persisted over time.
They presented college students with an initial passage with analogies, or
with a control passage, and they then had the students read a second transfer
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passage immediately, after 2 days, or after 1 week. Their results indicated
that the positive transfer attributable to using analogics was as strong after 1
week as it was immediately.

Coming up with exactly the right analogy to achieve meaningful learning
of conceptually difficult material is a truly creative act. This is especially true
because many analogics do not work very well. Describing a living organism,
for example, as being like a factory that takes in raw materials and puts out
waste products may capture one attribute of the living orgaunism; but the fit
of the analogy is so poor and may generate so nruch confusion that it negates
any benefits that might oceur with its use. For example, a diseerning student
might point out that one of the defining features of factories is that they
produce a product. If living organisms are like factories, what products do
they produce?

Another caution against using analogies to assist in achieving meanmgful
learning is that the supposedly known part of the analogy must, in fact, be
part of the learner’s knowledge. If you were told that Aplysia (a large sca
smail) is a favorite organism of study by ncurobiologists because it has a
nervous system characteristic that is similar to that of the also favored squid,
chances are you would not have been enlightened in the least. Only if you
know that squid have very large nerve cells and thus are casy to examine and
study would you benefit from being told that Aplysia was a favorite organisin
of study for the same reason. Teachers shonld be very carcful to make sure
that the supposedly known part of the analogy is, in fact, part of the learner’s
knowledge. Otherwise, using the analogy certainly will not help the learner
and, in fact, may be worse than nothing, in that the learner now has two
things he or she does not understand rather than one.

Questions such as the aforementioned are very froitful issues for future
researchers. Morcover, analogy rescarch is receiving inereasing attention in
both the basic and the applied literatures. An example of the former is the
insightful analvsis presented by Gick and Holyoak (1983); as an example of
the latter, Simons (1984) has reported six experiments that evaluate the
mstructional utility of analogies.

B. ENHANCING MEANINGFUL LEARNING BY TEACHING STUDENTS
INFORMATION THAT WILL EASE SUBSEQUENT LEARNING

In the previous section, techniques were discussed for achieving mean-
ingful learning by activating information the student had already learned. In
this section, techniques for achiceving meaningful learning are examined that
involve teaching the student new information that can then be used to ease
subsequent learning.
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Advance Organizers

In the early 1960s, David Ausubel (1960, 1963) suggested advance orga-
nizers as a device for casing the learning of subsequently presented material.
Advance organizers are statciments that are “presented at a higher level of
abstraction, generality, and inclusiveness than the new material to be
learned” (Ausubel, Novak, & Hanesion, 1978, p. 171).

Ausubel envisioned advance organizers as a bridge between “what the

learner already knows and what he needs to know before he can mean-
ingtully learn the task at hand” (Ausubel, Novak, & ITanesion, 1978, p. 172).
Ausubel and his fellow researchers conducted many studies during the 1960s
{Ausubel, 1960; Aushel & Fitzgerald, 1961, 1962; Ausubel & Youssef, 1963;
Fitzgerald & Ausubel, 1963) that demonstrated the efficacy of presenting
students with advance organizers before they engaged in a learning task. A
typical study by Ausubel and Youssef (1963) involved having college students
read a passage on Buddhism after reading a “comparative advance organiz-
er” (examining the relationship between Buddhism and Christianity) or a
control passage. Thev found that the students who had initially read the
organizer passage retained more from the Buddhism passage than did the
students who initially read the control passage. In addition to Ausubel’s

studies, which have shown greater acquisition of subsequently presented
material, other studies have shown beneficial effects of advance organizers
using more remote trausfer tasks. Grotelueschen and Sjogren (1968), Merrill
and Stolurow (1966), and Scandura and Wells (1967) have all shown that
material preceded by advance organizers is more likely to transfer to remote
tasks than material not preceded by advance organizers.

At this point, there scems to be little doubt that advance organizers can
improve the learning of subsequent material under certain conditions. Aus-
ubel (Ausnbel, Novak, & Hanesion, 1978) has indicated two of these condi-
tions. First, the material to be presented must involve unitary topics or
related sets of ideas. If the ideas to be presented are highly varied, as might
be the case, for example, in a college-level survey class (e.g., introductory
psychology), then it would not be possible to generate a single advance
organizer to encompass all of the ideas. This does not preclude, however,
breaking the subject matter into unitary topics and then preparing advance
organizers for cach topic.

Ausubel’s sccond cireumstance is that a true advance organizer must be
developed with an awareness of the learner’s existing knowledge structure.
This means that if advance organizers are to serve as a bridge between
material to be presented and material the learner already knows, it is essen-
tial to know what the learner alveady knows. Otherwise, a teacher might end
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up presenting a learner with two things (the advance organizer and the
target material) that the student has difficulty in learning rather than just one
(the target material).

Models as a Form of Concrete Advance Organizer. Ausubel defined an
advance organizer as a statement that was at a higher level of abstraction
than the target material to follow. Another kind of advance organizer that has
received considerable investigation is the model or “concrete advance
organizer.”

A model or concrete advance organizer is either a statement or an illustra-
tion that provides a concrete general overview of a system the student is
going to study in detail. An example of the use of a model as an advance
organizer can be found in Mayer’s research on teaching college students a
computer programming language (Mayers, 1975, 1976; Mayer & Bromage,
1980). Mayer (1975) presented his model students with a text which began
with a diagram of the inside working components of a computer. The dia-
gram included an input window (described as a ticket window), and output
pad (described as a pad of message paper), a memory scoreboard (described
as an eight-space, erasable scoreboard), and a program list with pointer
arrow (described as a shopping list). The use of descriptions such as a ticket
window for the input window was designed to make the unfamiliar compo-
nents more familiar by relating them to information the students alrcady
possessed. After the students had become familiar with the model, they
received instruction on computer programming that made continued refer-
ence to the model. In effect, the student was asked to role play what the
computer did with each of the programming statements.

Another group of students in Mayer’s (1975) study were instructed on
computer programming in a more traditional manner. They were given
definitions of programming statements and examples of the appropriate

usage of each of the statements. Following instruction, students in each of

the groups were asked to write a number of short computer programs that
varied in type of problem and in complexity. A comparison of the perfor-
mance of the groups revealed that students who had received the model as
an advance organizer performed significantly better on the programming
transfer task than did students who received the traditional instruction. The
results were replicated in later studies (Mayer, 1976; Mayer & Bromage,
1980).

Mayer’s research on computer programming represents one instance
where a system or process model can be beneficial in any area of study
involving a concrete system. Imagine, for example, that you were teaching
an automotive repair course. A good strategy would be to begin the course
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with a model overview of the functioning of an automobile. Moreover, it
would probably be beneficial to review the model as the students moved
from one system to another. So, for example, if the students had been
working on the carburetor, and were ready to move to the ignition svstem, it
would probably he worthwhile to present the model of the entire car again so
that they could relate the functioning of the ignition system to the operation
of the entire car.

C. SuUMMARY

This section has indicated that there are two general techniques that can
be used to enhance the understanding of instructional material. The first
technique entails activating some segment of prior knowledge that the stu-
dent already has and then relating incoming instruction to the newly acti-
vated prior knowledge. This strategy encourages the constructive memory
process described in the early parts of this chapter, and it facilitates the
meaningful representation in memory of the newly presented instruction.
The second technique involves feaching the student new information that
can subsequently Dhe related to incoming instruction, therebv facilitating the
constructive learning process.

Two well-researched methods of activating prior knowledge were de-
scribed. The first was the keyword technique, in which a foreign word, a
new concept, a proper noun, or a new vocabulary word are learned by fivst
associating the new term to a well-known concrete English word called a
keyword, and then constructing a mental image of the interaction between
the keyword and the meaning of the new word. The second technique for
activating prior knowledge was the use of analogies. Analogy entails drawing
a specific relationship between something that is well known and familiar,
and something that is new and unfamiliar.

Two techniques were described for teaching the student new information
that could be used to ease the learning of subsequently presented instruc-
tion. The first of these techniques was the use of advance organizers, and the
second technique entailed presenting a concrete model as a means of assiting
the understanding of instructional material. The idea involved in both tech-
niques is that the advance material will encourage the process of construct-
ing a meaningful representation of the instructional material.

At this point in the chapter, a definition of what it means to understand
has been proposed, a way of measuring understanding has been described,
and several techniques for enhancing understanding have been reviewed. In
the next scction, a means of pulling these pieces together into a systematic
instructional development framework is described.
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VI. AN INSTRUCTIONAL SYSTEMS DESIGN (I1SD) MODEL
DESIGNED TO PRODUCE UNDERSTANDING

Another aspect of the instructional technology movement of the 1960s that
lent power and order to the instructional development process was the
Instructional Svstems Design (ISD) model. One version of an IS model is
depicted in Fig. 3. ISD models were a powerful force in the development of
instruction during the 1960s. However, they were utilized only in sitnations
where the goal of instruction was low-level knowledge that could be readily
defined in behavioral terms and when the objective could be attained using
principles borrowed from associative learning theory. In this section, a re-
vised version of an ISD model is proposed—one that hegins with a pro-
cedure for identifving and defining tasks the successful performance of which
would indicate that the student had understood the instruction that had
preceded. The revised version of the model is presented in Fig, 4.

A.  TrRANSFER GOALS

The model begins with the formulation of a general transfer goal.

In essence, this means deciding which quadrant of the transfer task sur-
face depicted in Fig. 2 contains the desired instructional goal. 1f the intent of
instruction is to have students master content and skills that are to be uti-
lized in situations very similar to those encountered in instruction and that
will involve problems similar to those experienced before, the goal of in-
struction would reside within the first quadrant. Notice that either or both of
the transfer surface dimensions can come into play when selecting an in-
struction goal. If the interest is in determining if a particular intact basic skill
can be used in other situations, the goal would be chosen by holding the
level of the goal constant along the literal-figural dimension and moving out
along the near—far dimension. In other words, the goal of instruction would
involve performing a learned skill in circumstances that differed to some
degree from instructional circumstances and with tasks that differed in spe-
cifics (but not form) from those received during instruction.

In comparison, if the intent of instruction was to teach a basic skill so that
this skill could be used to case the learning of a more complicated skill, the
goal of instruction would involve holding the conditions of task performance
constant along the near—far dimension and allowing the position along the
literal-figural dimension to vary.

Finally, it may be that the goal of instruction involves the teaching of a
skill so that the skill can be used to ease the learning of a more complicated
skill under conditions that differ from those encountercd during instruction.
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FIG. 3. The traditional Instructional Systems Design (ISD) model.

In other words, the instructional goal involves simultancously moving out on
both the near—far dimension and the literal-figural dimension.
Instructional goals could also be located in Quadrants 2, 3, or 4. A goal in
Quadrant 2 might be exemplified by a situation in which a school-learned
basic skill is expected to transfer to out-of-school situations. A goal in quad-
rant 3 would involve a situation in which complex skills are expected to
transfer to situations similar to those encountered during instruction. Final-
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ly, it the goal of instruction were the training of complicated skills to be
performed under variable and different situations, as would be required of
experts for example, the goal would be located in Quadrant 4. Licensure
exams for physicians or lawyers might be examples of goals located in the
fourth quadrant.

B. TRANSFER TASK ANALYSIS

After a general transfer goal has heen selected, the next step in the revised
ISD model is performing a transfer task analysis. The idea behind a transfer
task analysis is to examine the nature of the tasks to which the instruction is
expected to transfer so that their general properties can be ascertained.
These gencral properties can then guide both the selection of specific trans-
fer objectives and the instructional development process.

C. SELECTING TRANSFER OBJECTIVES

The selection of specific transfer ohjectives should be guided by the area
of the transfer surface identified in the selection of the transfer goal and by
the properties of the transfer tasks identified in the task analysis. With
respect to detail, transfer objectives should be described in the kind of
careful detail characteristic of the instructional objectives that provide the
basis for criterion-referenced tests (see Popham, 1978, pp. 216-230).

D. DeveLorING AND TRYING OUT INSTRUCTION

The next phase of the revised ISD model woild entail developing instruc-
tion and then trying it out in a small-scale test. Instructional development at
this point would not involve any special attempts to enhance understanding.
After the instruction was developed, it could be tried out on a small scale to
see if the transfer objectives were satisfied. If they were, no further instruc-
tional development would be necessary.

E. BuipING IN TECHNIQUES TO ENHANCE UNDERSTANDING

If performance on the transfer objectives is not satisfactory, the next step
in the model is\to build in techniques designed to enhance understanding.
The first stage of this process entails determining whether students have
background knowledge upon which an approach to developing understand-
ing could be based. In general, this would probably be done intuitively. For
example, if the instructional designer has an analogy in mind that might
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enhance understanding, he or she would also be likely to have a good sense
of whether the students have the knowledge npon which the analogy is
based. Alternatively, if there did not appear to be a knowledge base from
which an approach to understanding could be developed, a techmique that
bridged the gap between prior knowledge and the material to be learned
would be called for.

The knowledge-enhancing technique that was chosen would depend on
the nature of the material to be learned. For instance, if the instruction
involved the acquisiton of a set of terms or concepts, it would be appropriate
to usc a mnemonic strategy. Alternatively, it a more complex principle or
rule were involved, analogics, advance organizers, or concrete models might
be appropriate.

F. INTEGRATING UNDERSTANDING TREATMENTS INTO
INSTRUCTION

After an approach to cnhancing understanding had becu selected and
instruction developed, the final stage of the model would entail integrating
the new material into the previously developed instruction. This would be
followed by another tryout and revision cycle until the transfer objectives
had been satisfied.

VII.  FINAL COMMENTS

Instructional psychology naturally lags behind the theory and research
that provides the foundation for particular educational approaches. As this
chapter and other chapters in the book have indicated, cognitive theory is
very new, and instructional techniques based on cognitive theory are newer
vet. Moreover, cognitive theory is in a period of rapid evolution, with imipor-
tant findings and insights appearing in each issuc of major rescarch journals
This means that very few of the instructional implications have been ex-
plored, and additional implications are constantly being generated.

This chapter has barely scratched the surface of utilizing cognitive theory
as a guiding framework for the enhancement of educational understanding.
This is most obvious in the area of designing techniques that can be embed-
ded within instructional materials as a means of facilitating student under-
standing. There are undoubtedly a great many techniques that can be used
to facilitate the constructive memory process that must take place before
understanding can occur. The discovery of such techniques will contribute
greatly to the design of instruction that will be understood.
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I. INTRODUCTION

In this chapter, we look at some of the ways in which people work at the
task of learning and remembering instructional materials. Our disenssion
centers on those activities which influence working memory, which is a
concept that can be broadly defined to include all parts of the human pro-
cessing system responsible for the effort associated with study (Baddeley &
Hinch, 1974; Daneman & Carpenter, 1980). Within the realm of working
memory, we are specifically interested in the process of encoding, especially
in the sense that this term refers to acts which influence how information is
stored and remembered. Encoding denotes a wide variety of activities per-
formed by students while they are attempting to acquire target information
from a lesson, and we are willing to extend our definition to include any
overt or covert act that has as its goal the transformation of an instructional
stimulus such as a text or lecture, into an accessible part of what we know.

In the second section of this chapter, we explore the attributes of three
separate systems which appear to have a strong effect on encoding in work-
ing memory and together are thought to influence hoth the type of encoding
that occurs and the manner in which that encoding determines later memory
performance. In this scction, our first task is to talk briefly about how learn-
ers allocate their attention to particular parts of a lesson, and about how such
an allocation appears to influcnce the encoding process. Second, we review
various aspects of the schema models of cognitive perception and look at
ways in which a specific schema works, to determine what it is that we are
*Present address: Department of Education, Indiana—Purdue University at Fort Wavne, Fort
Wayne, Indiana 46805
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likely to encode from an instrnctional commiunication. The end of the second
section describes the general form of depth-of-processing theories and dis-
cusses how such theorics account for what is learned and remembered from
different encoding processes.

The third section of the chapter focuses initiallv on the types of changes in
instruction that seem to affect how encoding is accomplished. Because the
majority of the research on instructional encoding has emphasized written
text, our discussion touches on the effects of changes in text structure and
then moves to instructional accessories such as themes, organizers, ques-
tions, mnemonics, and spatial adjuncts like reference maps. Here, we at-
tempt in each case to summarize the research done and boil it down to
specific statements about what works and what does not. In all cases
throughout this section, we try to integrate facts about stimulus changes and
instructional variables with the theoretical franmeworks described in the sec-
ond section.

In the fourth and final section of the chapter, we cvaluate how one might
apply the things we know about encoding to the practice of instruction. In
this last instance, we are less interested in what the research shows, and
more interested in how the results can be applied to facilitate the learning
and retention of instructional content.

II.  PRIMARY INFLUENCES ON ENCODING

A. ATTENTIONAL VARIABLES

Few persons would question the notion that for encoding of instruction to
take place, the learner must pay attention to the lesson material. Unfortu-
nately, such an assumption is not quite as simple as it sounds because there
is good evidence that the raw amount of time one spends attending to
instruction correlates less than perfectly with what is learned and remem-
bered (Reynolds & Anderson, 1982). Ilowever, both common sense and
research data suggest that even if the relationship between attention and
learning is not absolute, attending hehavior itself still represents one of the
more powerful determinants of what people will gain from study.

For the purposes of our current discussion, we can distinguish between
two types of attending phenomena which operate in the instructional en-
vironment. First, we have what we call primary attention, which is merely
the act of selectively focusing one’s receptors on a stimulus set and then
filtering the information through the sensory system (cf. Norman, 1968).
Primary attention is probably important to volitional learning in the sense
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that it represents the point at which the learner determines which segments
of the stimuli are to be treated as eritical and which are not, However, acts of
primary attention are relatively basic in nature, and other than to point out
the fact that they are necessary for encoding, we pass over them in this
chapter.

Of far more interest to our discussion is the second type of attending
behavior, which we have labeled processing attention. We view processing
attention as the effective agent for directing encoding activities, and for
fixing the limits on what will and will not be learned and remembered.
When students expend effort trying to acquire the content of a lecture or
book, they make a number of choices regarding what information they will
concentrate on and how closely they will study it. It is at the point Ero:\,ﬁ_or
attending choices are niade that the student constrains the domain of what
specific information will be processed in the system. For example, if a per-
son studying text sees content that is underlined, capitalized, or emphasized
in some other fashion, the probability that they will learn the emphasized
material increases dramatically—but at the expense of other material which
is not accentuated (Anderson & Faust, 1967). A number of the variables used
to increase the acquisition of critical instruction are designed to take full
advantage of a student’s ability to allocate processing attention, and they do
so by giving overt cues concerning what is critical material (Glynn & Di-
Vesta, 1979), or by telling students which domains of content :..né should
attend to while studying (Anderson & Biddle, 1975; Rothkopf & w_.\:m:mﬁc:v
1979). Hence, one of the ways in which processing attention is manipulated
is by adding stimulus elements to the material, which act to direct and
control the attending process.

On the other hand, in the absence of specific stimulus prompts, people
still tend to focus their processing attention toward those aspects of a lesson
which they judge to he important to understanding the message (Mever,
1975). In this later case, the locus of processing attention is probably con-
trolled by two types of variables: (1) those which are intrinsic to the structure
of the message, and (2) those which form a part of the learner’s prior knowl-
edge and current expectations. In fact, a current conception of processing
attention, based on Kahneman’s (1973) work, suggests that people bring a
relatively fixed volume of processing attention to an instructional task, and
then are able to make selective allocations of their available attending capaci-
ty to those instructional segiments which they perceive as having the greatest
potential payoff (Anderson, 1982; Reynolds & Anderson, 1982). It is this
selection and allocation process that is brought under the control of various
text prompts, adjunct materials such as questions, and the cognitive charac-
teristics of the learner. ‘

Our conclusion regarding attention is that it acts as a front-line manager
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for controlling what specific information will be encoded into the working
memory system. As we show in the third section of this chapter, a good part
of the research on effective instructional variables is really research on ways
in which one can add to or change lesson material so that learners will
allocate processing attention toward content which is critical to the lesson.

B. ScHeEmA STRUCTURES

Another major way in which the instructional process is influenced in-
volves the selection and use of cognitive structures called schemata (Ander-
son, 1977; Rumelhart, 1980). Essentially, schemata are generally described
as information-based structures which determine how a learner will view,
approach, and interpret instructional content. In other words, the cml._o:_uq
schema (the singular form of schemata) a person activates when studying an
instructional communication will have a great deal to do with what new
information that person will mark for entry into the working-memory encod-
ing system (Anderson, Pichert, & Shirey, 1983). Schemata appear to have
their main effect on encoding by helping the learner to determine what
things are semantically important in the instructional message Aﬂcm.ﬁxq
Schallert, Reynolds, & Radin, 1983) and for providing an interpretative
vehicle for w_wo:ﬁ the important information into memory.

At this point, readers of this chapter are probably saying to themselves,
“Schemata sound impressive, but what exactly are they?” Unfortunately, the
answer to this question is not an easy one because no one has ever scen a
schema, and there are even those who argue that the entire concept is too
loose to be of much use except as a verbal description (Thorndyke & Yeko-
vich, 1980). However, our judgment is that there is enough «mmmw:or sup-
porting the schema process to make it a valuable addition to our Q_,mo:mm_c?
even if the concept itself is still less than perfectly defined (sec Schallert,
1982). Probably the best way to describe schemata is first to say that they are
structures which represent bodies of information available to the learner,
and second, that they depend on the person’s prior experience and _chi_-
cdge of the world for their effects. Finally, people tend to activate cwl_c:__.:
schemata for use in given situations, depending on the context in which they
perceive that particular situation and on the specific expectations they have
regarding how the lesson material should be used.

There is no doubt that there are many potentially available schemata for «
given instructional task. Hence, what the learner generally does _v to use
contextual cues to help determine which specific schema is most .rrm_v\ to
apply to the instructional problem at hand. Not surprisingly, Em_.c isa _E..m,m
body of research showing that variables such as theme-related titles (Dooling
& Z_::cﬁ 1973; Schmid & Kulhavy, 1981) and context-oriented pictures
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(Bransford & Johnson, 1972) work to direct people in making their choice of
schemata. For example, Kulhavy, Sherman, and Schmid {(1978) presented
subjects with short stories written in a convoluted manner which was diffi-
cult to nnderstand. One group of subjects reccived titles before the pas-
sages, which were related to the theme of the stories. and a control group
received no titles. One result from the study was that people who saw
theme-related titles were able to remember more of the content than their
no-theme counterparts. What this study shows is that statements which
provide a context for interpretation tend to increase what is remembered
from prose material, presumably because they assist the subject in activating
an appropriate schema vehicle for use in effectively encoding the text. In an
instructional environment, the schema activation process is probably also
influenced by what students expect to have to do with the material once they
have learned it. In fact, there is a fair sized. hut contusing, literature dealing
with variables such as what type of test students expect to receive following
instruction. However, as yet there has heen no consistent empirical verifica-
although the idea

tion that test expectaney determines schema selection
makes intuitive sense (Rohwer, 1984).

The prior knowledge component of a schema is central to our understand-
ing of what schemata arc and how they work. The general sense in the field is
that schemata are formed from our prior experiences and knowledge of the
world and that they represent dynamic systems which are constantly heing
created, added to, and expanded by new information which becomes avail-
able to the learner (ef. Schallert, 1982). In the absence of specific contextual
direction, people scem to activate particular schemata and apply their inher-
ent interpretations to new information hased on the simple fact of what they
already know the most about.

A good example of this phenomenon is contained in an insightful study by
Anderson, Reynolds, Schallert, and Goetz (1977). In this experiment, a
group of music education majors and a second group of physical education
majors read two short passages, each of which could be interpreted in two
different ways. The first passage could be interpreted as describing cither a
wrestling match or a prison break, and the great majority of the physical
education subjects sclected the wrestling interpretation as being consistent
with the meaning of the passage. whereas the music education subjects
chose the prison break option a large percentage of the time. The second
passage in the study could also be interpreted in two ways: cither as a group
of friends getting together for a card game, or as a rchearsal session of a
woodwind ensemble. As expected, music education subjects overwhelming-
ly interpreted the second passage in terms of the woodwind alternative,
while the physical education group emphasized the ard-playing possibility.
The results of the Anderson et al. study clearly show that the meaning a
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person assigns to a unit of information depends on the prior knowledge
milieu within which that person is used to operating.

One way in which specific schemata are activated is n.c:c.czom by the
particular perspective the learner takes on some new unit of information
(Goetz, Schallert, Reynolds, & Radin, 1983; Pichert & Anderson, 1977).
Although schemata are flexible in their application (Ilertel, Cosden, & John-
son, 1980), and specific perspectives can be changed under certain condi-
tions (Anderson & Pichert, 1978), it still appears true that how the learner
conceptually views stimulus content determines, to a great degree, exactly
which knowledge set will be applied during study. One of the important
aspects of the work on perspective is that it soundly supports the notion that
what an instructional communication means to a learner is more determined
by the learner than by the instruction.

In fact, we tend to agree with Spiro (1980), who rejects the meaning-in-
text position in favor of a constructivist approach which assumes that words,
sentences, and paragraphs do not themselves possess a fixed meaning, but
depend on the learner to construct a meaning from them. The constructivist
model presupposes that when people process information, they not only
interpret what is in the text, but also add new information to it, change it in
accord with their own views, and create inferences about it to make it better
match the prior knowledge base already available to them (Goetz, 1979). We
believe then that in a direct sense, what instruction means to a learner
depends more on what the learner thinks it means than on any fixed in-
terpretation of the instruction itself.

In conclusion then, it appears that the concept of schemata is an important
one for understanding how people go about encoding and storing target
information. There is little doubt that if we are able to get students to
approach and interpret a lesson in the fashion intended by the instructor, we
are likely to increase the amount and type of relevant material that the
students take with them as a result of study (Brooks & Dansereau, 1983).

C. DerTH OF PROCESSING

The phrase depth of processing is often used to describe a variety of
interrelated theories dealing with how information is encoded into the mem-
ory system. The basic assumption underlying depth of processing is that
what people remember depends, to a great extent, on the way in which they
encode information during learning (Anderson, 1970). The general form of
these theories postulates that encoding itself can take placce at any one of
several levels in the processing system, and that the deeper the level of
processing, the better the chance that the target information will be remem-
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bered (Craik & Lockhart, 1972). According to various statements of the
depth relationship, incoming stimuli are analyzed in a hierarchical fashion
which begins with an evaluation of surface features (e.g., letter forms),
moves downward in the hierarchy toward processing of individual words,
and eventually ends up at the deepest levels where the focus is on what the
stimulus information means, and the analysis becomes semantic and elal-
orative in nature (Anderson, 1972; Craik & Tulving, 1975). From an instruc-
tional point of view, what all of this boils down to is the simple principle that
the more the encoding process relies on meaning, the greater the chance
that the material will be remembered at some later time.

While many of the defining experiments in depth-of-processing research
have been performed with individual words and sentences, the same effects
still seem to hold with more complex materials such as text, where the
processing of meaning at deeper levels has led to more effective encoding
and better memory with such materials as ambiguous paragraphs (Schallert,
1976), college science text (Kunen, Cohen, & Solman, 1981), and lengthy
descriptive passages containing much detail (Bretzing & Kulhavy, 1979).

In fact, the research by Bretzing and Kulhavy provides a good example of
how depth of processing has been experimentally manipulated. In this
study, subjects read a 2000-word description of a fictitious African tribe and
were required to take notes on each page read by either writing a summary,
paraphrasing main ideas by putting them into their own words, or copying
essential information in its verbatim form. Two control groups either copied
capitalized words from every page or simply read the passage without writ-
ing at all. On a posttest on the passage content, both summary and para-
phrase writers remembered more than either the verbatim group or the no-
writing controls, and all four groups were able to recall significantly more
information than the subjects who simply copied capitalized words. The
depth-of-processing approach predicts exactly these relationships because
conditions like summary writing and paraphrasing should result in higher
recall performance because these acts require subjects to closely process the
meaning of the text in order to be able to produce their specific types of
notes. Obviously, learners must process deeply in order to understand the
meaning of the passage and to be able to put it into their own words or
summarize what it says. Alternately, just reading the text or copying essen-
tial content can be viewed as processing of a shallower nature, and the act of
writing down capitalized words should have the least depth because it em-
phasizes letter and word forms at the expense of processing what the words
mean when taken together.

In spite of the amount of research it has generated, the depth-of-process-
ing concept has been criticized a number of times, mostly because no inde-
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pendent measure of depth has been available and the basic assumption of the
model then becomes circular, i.e., that which is processed deeply is remem-
bered, and that which is remembered is processed deeply (Baddeley, 1978;
Postman, Thompkins, & Gray, 1978). The strongest response to this crit-
icism has attempted to overcome the circular problem by emphasizing com-
ponents of the encoding process like distinctiveness and elaboration (Craik &
Tulving, 1975; Jacoby & Craik, 1979). According to such arguments, the
distinctiveness of a stimulus item is increased when the encoding of that
stimulus requires more effort and elaboration to achieve. Under these condi-
tions, the depth at which a processing event occurs can be desceribed in
terms of hoth the amount of effort needed to produce the encoding, and the
number of elaborations of the stimulus element that are associated with it in
memory. Hence, various scales of effort—elaboration become metries against
which depth of processing can be measured, and the issue of circularity
becomes moot.

From an instructional perspective, a number of studies by Glover and his
associates have repeatedly shown that cffort—elaboration formulations are
good predictors of how students encode and remember text material (Ben-
ton, Glover, & Bruning, 1983; Glover, Bruning, & Plake, 1982). The amount
remembered by subjects in these experiments was a direct function of the
amount of encoding effort needed to acquire the target information and the
degree to which subjects were able to associate elaborations with the stim-
ulus text material. Further, as the encoding-specificity hypothesis predicts
(Tulving, 1979), operations performed on the text to produce distinet and
elaborative encoding also increased memorability for adjacent text informa-
tion, making it apparent that such depth-related operations may have a lap-
over benefit for material outside of the instructional target arca (Glover,
Bruning, & Plake, 1982). What this body of work indicates is that the depth-
of-processing concept and its distinctiveness—elaboration extensions are
useful models for both understanding and predicting what students arc likely
to successfully encode and remember from an instructional episode.

So. what then are we able to deduce from our discussion of depth of
processing? The inescapable conclusion is that people will probably learn
more if we can find ways of making them work harder at the business of
encoding and if they are encouraged in some fashion to attempt to deal with
new information in terms of its meaning and semantic content. Rescareh on
depth of processing also tells us that getting students to simply repeat mate-
rial or spend more time looking at it is probably not the most eflicient way to
ensure that they will learn and remember the content. Rather, our instruc-
tional goals would probably be better met if we were able to provide strat-
egics that helped to ensure that what they do process, they proeess deeply.

5. WORKING MEMORY

. FACTORS WHICH AFFECT ENCODING

A.  OvVirviEw

This section of the chapter addresses some of the multitude of variables
/,<_:.or appear to affect the instructional encoding activity. Tn order to build a
framework for our discussion, we have decomposed the ._:‘cnc, s of study into
a series of general components, each of which has attracted the attention of
H.rcmc who produce rescarch in the area of instruction. An outline of our
framework is shown graphically in Fig. I, aud although there is no good
reason to suppose that these components operationally relate to one another
in a simple linear fashion, the framework still provides us with a way (sche-
ma?) of organizing the types of variables in which we are interested.

The leftmost side of the figure expresses onr view that it is the interaction
_.vcﬁécc: learner and stimulus characteristics which is primarily responsible
for the initial sclection of the knowledge and task schemata which will be
applied to a particular block of information. It is our argument that what
learners do is to approach the stimulus materials with some sct of jnstrue-
tional expectations concerning what they should learn and remember follow-
ing study, and that it is at least partly these expectations which determine
what encoding strategics or task schemata are chosen for use during a specif-
ic instructional episode. In addition, the content and structure of the mate-
rial itself serves to activate a particular knowledge schema, which will then
be used as a base for interpreting the new information.

Here, it is our notion that the interaction between lewrner and stimulus
characteristics works to produce not one, but two instructionally useful sche-
mata. The first such structure we have labeled the task ,,.Q\NS:.F which is a
goal-oriented set of procedures that control the ways in which the learner
will activate both overt and covert encoding activities in order to achieve the
desired instructional outcome. The second type of structure is a knowledge
schema, which we have alr ady discussed in section 11, and which acts to

represent the type of interpretation that the learner will apply in attempting
to acquire the new information. 1t is our belief that a task schema is selected
as a result of the expectancies associated with a particular instructional epi-
sode, but that a corresponding knowledge schema is activated because the
material in the lesson matches well with a particular block of semantic expe-
rience available to the learner. Following the reasoning of people like Endel
Tulving (1979), we conclude that it is the interaction between episodic and
semantic expectancies which are the initial determinants of how new infor-
mation will be processed, and of where it will be deposited in the learner's
cognitive storchouse. ,
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The final set of factors which seem to influence what information is empha-
sized and how it is encoded we have called instructional accessories in Fig.
1. As we use this label here, instructional accessories include all of the cucs,
directions and adjunct devices which are not a part of the primary lesson
content but which relate to the instruction in such a fashion that they influ-
ence what and how learning takes place. Our definition includes vague
manipulations such as simple instructions to study in a certain way, obvious
prompts like the underlining and capitalization of important information,
graphic organizers like pictures and maps which are not a critical part of the
instruction, and adjunct variables such as theme statements, questions, and
mnemonic memory devices which direct the learner toward what he or she
should work to remember. Defining instructional accessories as a separate
category of variables has the advantage of making it easier to evaluate the
effects of our various components on the end product of learning.

B. TexT STRUCTURE

In this section, we intend to briefly review the effects of message structure
on what students encode and remember from a lesson. Because much of this
research has been done with written texts, our discussion emphasizes the
text presentation mode, although there seems to be no good reason to be-
lieve that the learning outcomes would markedly change with lecture mate-
rial—except for obvious differences in the task demands. Here, we are
interested in how the characteristics of instructional stimuli act to influence
learning prior to the point at which any of the more common instructional
accessories are appended to the text information.

Studies on text structure have most often emphasized differences in the
importance of various text segments as being a major determinant of what
will be learned and remembered from reading. In this case, the term impor-
tance generally refers to how necessary a particular text element is for the
learner to comprehend and process the coherent substance of the discourse.
Both Meyer and Kintsch have heavily influenced the way in which structural
characteristics have been viewed experimentally. For example, Mever (e.g.,
Meyer, 1975) has developed a quasi-linguistic procedure which allows her to
decompose a passage into a hicrarchical form, where more prominent infor-
mation is placed at the top levels and less prominent information at the
bottom levels of the hierarchy. Material at the top level is seen as more
important in the sense that it serves a superordinate or organizing function
for less important information located deeper in the structure. At the bottom
level, one finds elements, details, and facts which are of little integrative
value to the overall meaning of the passage. A somewhat different approach
to structure has been developed by Kintsch and his associates (Kintsch & van
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Dijk. 1978). in which texts are seen as having a similar top-to-hottom ar-
rangement, only the hasic unit for the analysis is the proposition rather than
the linguistic units adopted by Mever. For Kintsch, the individual proposi-
tions in a text, cach of which forms a complete informational unit, are also
arranged in an importance hierarchy, where the upper levels cxist as a
macrostructnre for information lower in the passage.

In spite of the procedural differences in these two models, both of them
appear to do a relatively good job of predicting what information a reader
will remember after contact with the passage. In both cases, there is sub-
stantial rescarch to show that higher level information is learned better than
lower level nnits under a wide variety of experimental conditions. Such data
do serve to tell us that in the general case, it is possible to use the structural
characteristics of text as one way of determining what people will probably
encode while reading them.

An alternate way in which the structural characteristics of text can e
conceptnalized is by examining the structural clements, or gramnars, of
short. narrative stories {(Mandler & Johnson, 1977). In most story-grammar
studies, the prose is dissected in terms of its narrative valne in much the
same fashion as one might expect in a college literature class—e.g.. plot
structure, episode organization, and so on. The resulting story grammar
units are then experimentally manipulated and analyzed in various ways to
determine how they influence memory for the text content (Thorndvke,
1977). By and large, such research has heen successful in showing that the
clements of story grammars can act as guides to what people encode and
remember from a tale (Haberlandt, Berian, & Sandson, 1980), especially if
the story components present a well-defined sequence of problem-solution
links in the narcative chain (Black & Bower, 1980).

Based on this brief overview, what can we now deduce about the rela-
tionship between text structure and the process of encoding in instruction?
First, it seems clear that there are structural characteristics in discourse,
such as perccived importance and narrative architecture, which can serve to

direct the encoding process and lead to relatively uniform predictions about
what will be remembered. Towever, such phenomena appear to be of less
importance in many instructional scttings, where design patterns and the
addition of instructional accessorics may have a marked impact on what
material students pay attention to and actually process. Also. if one accepts
the constructivist view offered earlier, then the importance value or empha-
sis that a scgment of text receives is at least partially a function of what the
Jearners expect to do with the information and how thev choose to interpret
it in the first place. Ilence, in spite of the impressive antount of data gener-
ated by those interested in structural variables, we are unsure about how
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wide the applicability of such research is to the types of planned learning
sequences which form the typical instructional unit.

C.  INSTRUCTIONAL ACCESSORIES

In this section, we intend to cover research done with several of the more
common instructional accessories. We first review work done with a elass of
accessories that we call schema activators, which include such _.:ﬁ_.:c:,c,:i
:Ln::“c:m as theme statements, passage headings, and advance c_.,v::‘c g ,|
all of which appear to affect encoding by providing the _z,:A:M”,_M «S.A:H.m:
appropriate knowledge schema for interpreting and integrating new inforin-
ation.

, Next, we discuss the effects of presenting passage-relevant questions be-
tore, after, or during the reading of a text. Research on such ,&:.:,:2 A, ues-
ﬁ,_.c:m has blossomed since the mid-1960s, and the arca is an ::?:.S:M c:,c
for understanding how people allocate attention and develop a task s Them:
during study of a lesson. bR

Our third group of accessories imvolve the structnre and function of
mnemonic procedures as a way of enhancing the encoding process. As we
choose to define it, the term mnemonics subsumes all of the artificial .ﬂ_mf.n.mﬁ
or procedures which are developed to make lesson information opﬂmmm_‘ :.v
learn and remember. Although a number of mnemonics are created by
students themselves to fit their own needs, there is a substantial literature
on how one goes about building in mnemonics as a part of the instruction:
Tm:cmv we are willing to treat both classes of devices under our definition of
instructional accessories. Finally, we overview data whieh have mvc:mmg on
_.52 spatial processing influences the encoding and retention of text-based
information. Ilere, we deal primarily with rescarch done using _.c*o_.mLHr.c
maps as a way of increasing the amount one remembers from reading prose.

1. Schema Activators

As we mentioned earlier in our overview of schema theory, the influence
of theme statements, titles, and headings on text :;e_.?.eﬁ?mc: _A:: been a
popular topic in the literature on instruction and cognition. In c_,:. <_.m<<ﬂ
schema activators include any semantic stimuli which work to provide X.cw
ple with a way of organizing or interpreting the information cc:r:,:cmﬁ_.r a
passage they are about to encode. Such activators seem to have their :Z:w
effect at the point of encoding where the students are scarching for a éiw to
place the new information in memory so they can get it out again ,::w the
activation of an appropriate knowledge schema greases the whe v_u, , ftl
processing mechanism. , e ot then
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In the previous section on schema theory, we described how the act of
providing a theme or title for a difficult passage works to make the material
understandable and, therefore, easier for the learner to process effectively.
The same facilitative effect can also be achieved by placing a contextually
relevant picture before a text, which has the effect of helping the learner to
organize and interpret the material.

For example, in the first experiment of a now-elassic article by Bransford
and Johnson (1972), subjects read a short, difficult-to-interpret passage and
saw a picture which supplied a context for the text either before or after
reading. Control groups simply read the passage once or twice without a
picture or saw a picture of the same objects rearranged so that they made
little sense relative to the prose content. Those learners who saw the con-
textually relevant picture before reading produced comprehension and re-
call scores which were dramatically higher than any of the remaining groups.
Such data clearly show that an appropriate schema activator cues the reader
to select an applicable schema structure within which to process and in-
terpret the new material. Further, this same positive effect is produced not
only by theme statements and pictures, but also by such basic manipulations
as placing headings in text (Dee-Lucas & DiVesta, 1980) and putting quota-
tion marks around passage segments which are critical to the desired in-
terpretation (Pratt, Krane, & Kendall, 1981). The conclusion, then, is that
any device which guides the activation of an appropriate schema, especially
for convoluted or unfamiliar material, will increase the probability that the

learners will be able to acquire the new information in such a fashion that
they can reproduce it at some point in the future.

There is yet a second body of research which deals with schema activation
under the label advance organizers (e.g., Ausubel, 1960, 1968). Unlike
simple titles, headings, and so forth, advance organizers generally consist of
a fair-sized block of information which is presented before the student tack-
les the main instructional content. The purpose of such organizers is to
provide the learner with a knowledge vehicle for subsuming or assimilating
the target material into memory. Hence, advance organizers may be more
abstractive and inclusive than the material to follow (Ausubel, 1968), include

rules and analogies that will apply to the target content (Mayer & Bromage,
1980), or perhaps supply concrete instances which can later be used to
organize the primary text during encoding (Royer & Cable, 1975, 1976).
Whatever their format, advance organizers should help the student bridge
the knowledge gap between what the person already knows and what he or
she is going to try to learn from the instructional episode. In other words,
organizers activate critical schematic information which will provide a sound
base for incorporating the new content (Derry, 1984).
In general, it appears that advance organizers do have a positive effect on
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at least the conceptual information contained in a later lesson (Luiten, Ames

& Ackerson, 1980). In fact, studies which have shown no organizer om,mcﬁw
have probably not done so because they emphasized the direct learning of
easy-to-measure detail, rather than the learning of concepts and superordi-
nate information which is central to theories of advance organization (Barnes
& Clawson, 1975; Mayer, 1979). It does seem that some form of advance
organizer may be of greater instructional use than are themes or headings

because the latter have been shown to work best with ambiguous or oo:H
voluted materials of relatively short length (Dooling & Mullet, 1973). Such
an effect probably occurs because themes and headings simply cue an ap-
plicable knowledge schema for interpretation, while organizers attempt to
provide a portion of the schema framework in order to speed integration of
the new information.

2. Adjunct Questions

There is now a good deal of evidence to suggest that the act of identifying
important elements of a lesson either before, during, or after reading has a
strong influence on what people will encode and remember from their
study. This positive influence holds for basic teaching components such as
instructional objectives (Duell, 1974; Klauer, 1984), but the bulk of such
research has involved adjunct questions which are related to the text content
as the primary way of identifying important elements within the lesson (cf.
Anderson & Biddle, 1975; Rothkopt & Bisbicos, 1967). Although there are
many variations, the typical adjunct questions study takes a set of text-
related questions and allows the learner to study them either before or after
reading some portion of the target passage. The most general finding in
research of this sort is that when a group reeeiving text-related questions is
compared to a no-questions control group, questions placed before the text
_.mmm to a significant increase in what people remember about the specific
information related to the questions themselves. Alternately, when the same
questions are placed after the text, they tend to increase what is remem-
quom both from question-related material and from adjacent content which
is not specifically referenced in the questions. When the presence of adjunct
questions increases performance on material related specifically to the item
content, the questions are said to have a direct effect, in :ho sense that
m@@.m:m the question causes the learner to encode information directly related
to its content. On the other hand, while postquestions have the same direct
effect, they also have an indirect effect, where people remember more
information which was not directly addressed in the question proper.

The important issue for us is, of course, identifying the mechanism re-
sponsible for both the direct and the indirect effects of adjunct questions.
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The best available answer seems to be that adjunct questions act to provide a
task schema which controls the allocation of processing attention during
study. The assumption is that questions placed hefore the passage work
simply to focus learner attention on text segments which are directly related
to the questions themselves (e.g., Reynolds & Anderson, 1982). In the case
of postquestions, the answer is more complex and seems to involve both a
mental rehearsal component where learners spend time reviewing question-
relevant information in memory, and an additional attention-priming effect
where later segments in the passage are read more closely merely because
the reader learns to expect that questions will follow segments of the text
(Anderson & Biddle, 1975; McGaw & Grotelueschen, 1972; Wixson, 1984).

Now that we have defined how adjunct questions act to facilitate learning,
it seems logical to ask whether or not the content or form of the questions is
influential in determining the type of information that people are likely to
remember from reading. Unfortunately, the literature on this point is un-
clear. On one side, it has been convineingly argued that both the form and
the focns of adjunct questions should have at least a qualitative influence on
what the learner encodes from the text.

For example, Watts and Anderson (1971) found that application questions
which required the learner to apply information from his or her reading
worked to increase the student’s ability to apply principles and concepts. In
a similar vein, subjects in a study by Rickards and DiVesta (1974) produced
higher recall scores when they saw meaningtul learning questions, as op-
posed to rote-learning-of-ideas questions. On the other hand, there are
numerous studies in which question content and/or format has failed to show
a reliable effect, and what conclusion one draws about such variables appears
to depend on which study they read. For instance, inconsistent results
materialize in comparisons involving lexically paraphrased questions (Ander-
son & Biddle, 1975; Andre & Sola, 1976; Swenson & Kulhavy, 1974), ques-
tions oriented toward the application of target material (Andre, Mueller,
Womack, Smid, & Tuttle, 1980; Watts & Anderson, 1971), and questions
that have emphasized higher-order informational concepts as their locus of
effect (Andre, 1979). This lack of uniform results for different question types
leaves us with no distinet set of recommendations concerning how questions
other than those lifted straight from the text are likely to influence what is
learned from the instruction. The idea that different types of questions
should vield different tvpes of learning has great intuitive appeal; however,
we feel compelled to table our judgment about how such effects might work
until future research adds the weight of fact to our intuition.

Our summary comment then, is that adjunet questions which are close to
the content form of the target material will have a reliable facilitative effect
on what people are likely to encode and remember from reading a text.
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Further, when the questions are seen hefore reading, they focus attention
dircetly on similar information in the passage: and when they are placed after
a discourse, they have the same direct effect, hut also ,S:Q to increase
memory for other information not directly related to the question content.

3. Mnemonic Devices

In the general sense, the phrase mnemonic devices spreads out to cover
any and all of the procedures which students are cither taught or develop
themselves for use in making the task of learning easier. When a person
makes up a rhyie to help remember a list of names, tries to imagine a target
object in their mind so they will not forget it. or links a scries of terms
together by using their first letters to form a word, they are implementing
various mnemonic procedures to make their study more effective. Further
there is evidence both abundant and clear that mmemonic devices gene .m:«
have a positive effect on how much is learned, and typically work to incredse
what people are able to produce on a later test (e.g., mc_._cNNF 1981).

Muemonic devices have a long and well-documented history in terms of
their ability to facilitate learning (Yates, 1966). For example, centuries ago
Greek orators spent a great deal of time and resonreefulness in developing a
mnemonic technigue called the “method of Toci,™ which they used to help
them remember the series of facts needed for public m_ucwcrmz. In fact, the
method of loci is still used by protessional mnemonists today. and _.m_z‘cv_o:?
a good illustration of a spatial-sequential procedure for m:.m:i:m that infor-
mation is remenmbered both properly and in the proper order. In the method
of loci, the user expends great effort constructing a durable mental picture of
aplace they are closely familiar with; for instance. the layout of a well-known
building. Next, the mnemonist takes the scquential _x:.mm of the target mate-
rial (say an outline for a speech) and distributes in the required order
throughout the landmarks (loci) in the mental image of the building. Now, all
that is necessary for the person to correctly retrieve the information, is for
them to mentally pass through the building and collect the separate parts of
the material in their appropriate sequence. Using this method, people are
able to encode and remember tremendous amounts of information aceu-
rately and within a relatively short time span. These same dramatic inereases
in learning have also been found with mnemonics which emphasize linking
units of information together in a meaningful sequence by using an easv-to-
remember rhyme like “On Old Olympus Towering Top .. for the cranial
nerves, or by embedding the units within the context of a short story which
is made up by the learner (Bower & Clark, 1969). Alternately, there exists an
entire family of mnemonics grouped nnder the rubric _chéﬁ.:iv kevword., or
cueword, which allow the stndent to remember words. ﬂ_i._.::_.c:% and the
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like simply by associating them with familiar words, numbers, or images
already known to them (Bellezza, 1981). Finally, there is some evidence that
mnemonic-like procedures involving organizational encoding or forming im-
ages while reading may have a similar facilitative effect on prose materials of
the type found in textbooks (Kintsch, 1982; Kulhavy & Swenson, 1975).

Perhaps the most popular mnemonic for those interested in educational
research is the keyword procedure. This technique has been widely tested,
and there is now substantial experimental evidence that it facilitates learning
of foreign language vocabulary and other materials which involve direct
associate pairings (Atkinson, 1975; Pressley, Levin, & Delaney, 1982). A
common version of the keyword method involves three associative steps in
order to produce its beneficial effect (Hall, Wilson, & Patterson, 1981). For
example, in foreign language learning, the student takes the word to be
learned and derives a common English word from it, which is related in
some way to its form or spelling—this derived word is the keyword. In the
next step, the student repeatedly associates the foreign word with the key-
word until a strong associative bond is formed. Finally, the learner forms a
visual image in their mind, which closely relates the keyword with the
English translation of the foreign word. Although the procedure sounds
lengthy, it can be learned by students in a relatively short time.

Now, let us borrow an actual example of the keyword process from Hall
and his associates (1981). Suppose that our target word were candada which
means padlock in Spanish. In order to follow the three-step procedure, we
might: (1) derive the keyword (say) candy, which is easy to remember and
relates well to the target, (2) rehearse the pairing candada—candy over and
over so that the two are strongly associated together, and (3) produce a visual
image which combines the keyword and the translation together—for in-
stance, a padlocked box of candy. This general type of associative encoding
strategy has yielded learning gains with subjects in the primary grades, high
school, and college, and with a number of associable content units other than
foreign language words.

It should be clear from this discussion that there are various mnemonic
techniques which can have a fruitful existence within the instructional mili-
eu. However, one does well to remember that the actual learning of a usetul
mnemonic may require much practice and effort to achieve, and that not all
subject domains or content clements are amenable to the more popular
mnemonic devices. More importantly, it has been argued that the effects of
many mnemonics are neither durable over time nor particularly capable of
generalizing to tasks other than the specific one being measured (Pressley,
Borkowski, & O’Sullivan, 1984).

One response to such criticisms has been the argument that we should
shift our focus away from specific applications of particular mnemonic de-
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vices, and begin to concentrate on teaching students about mnemonics as a
class of instructionally useful procedures which can he applied to a variety of
materials and content elements (Pressley et al., 1984). Such a process would
emphasize supplying the student with information about how a mnemonic
works and how to use it effectively, rather than restrict the mnemonic to a
specific task demand with little explanation of how or why it works. It is
possible that a move in the direction of providing more process as opposcd to
product information will allow mnemonics to have a wider appeal within the
instructional enterprise.

4. Spatial Processing

Our discussion of spatial processing centers on how colierent structures
such as reference maps act to increase learning from related prose content
(e.g., Dean & Kulhavy, 1981). Here, we are interested primarily in in-
stances where instructional goals are served by the spatial relations por-
trayed in a stimulus, rather than in the context referents provided by il-
lustrations, or in different arrangements of words or study patterns Awo:@N-
za, 1983; Schallert, 1980).

Research exploring the relationship between maps and prose has clearly
shown that students remember significantly more discourse information
when that information is related to elements which are depicted spatially on
an adjunct map (Kulhavy, Lee, & Caterino, 1985). For example, in a defini-
tional study by Schwartz and Kulhavy (1981), undergraduates listened to a
narrative involving the activities of a fictitious group of pirates living on a
Pacific island. While they listened to the story, subjects either studied a map
of the island with features mentioned in the story distributed over the island
area, saw an outline of the island with the same features listed in a column to
the right of the page, or saw only an outline of the island without any features
depicted. In all cases, the features consisted of both a line drawing and a
verbal label. Following the study-listen phase of the experiment, one of the
tests the learners received over the passage content consisted of fill-in-the-
blank items requiring responses which were either related to or not related
to specific features on the map—none of these questions could be answered
by studying the map alone. People who saw the spatially distributed map
produced substantially more correct test responses on feature-related items
than either of the control groups who saw the list of features or only the
outline. Performance on items not related to map features was about the
same for all groups. What the results of this study show is that the relation
between maps and discourse is a facilitative one, and that the spatiality of the
map is an important variable for producing such facilitation. \

Given such results, the real question becomes, what mechanism is re-
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sponsible for the positive interaction in map—prose combinations? In re-
sponding to this question, we are inclined to agree with Kulhavy et al. (1985)
that the answer lies i1 an evaluation of the difterences hetween how verbal
and spatial information are encoded into the processing svstem. Kulhavy and
his associates offer a model, which they call the “conjoint retention hypoth-
esis” in order to account for map—prose facilitation. Basically, their argu-

ment 1s

Conjoint retention hypothesis is essentially a rendition of the dual coding approach in
the sense that linguistic/verbal and perceptual/spatial representations in the cog-
nitive milicu are treated as separate coding processes. at least portions of which are
nonoverlapping in memory. In the general case, we think that much of discourse
content is stored in a linguistic/verbal mode with few perceptual referents whereas.,
the geography of a map is stored primarily as a perceptual/spatial representation
which probably possesses at least quasi-pictorial characteristics. (Kulhavy ¢t al..
1985, p. 29)

Under this set of assumptions, facilitation occurs simply because the learn-
er is able to draw on both encoded representations at retrieval—an act
which increases the probability of remembering conjointly stored informa-
tion, as opposed to information which has only one code available. In other
words, the encoded map seerus to act as a spatial schema which provides
additional distinct retrieval cues for prose information related to the fea-
tures. This reasoning is supported by research showing that the cognitive
representation of a map is more spatial than not (Kulhavy, Schwartz, &
Shaha, 1983), and by analyses which demonstrate that memory for verbal
information is significantly related to whether or not the learner can con-
jointly recall a spatially related feature from the map (e.g.. Schwartz &
Kulhavy, 1981).

Our conclusion then is that coherent spatial structures such as reference
maps are a powerful means for increasing the amount of information people
are able to remember from a related prose passage. Further, performance
increases probably result as a function of the way in which the two stimulus
types are differentially encoded, and the degree to which learners can use
both spatial and verbal cues as a base for recalling target information.

IV. EDUCATIONAL APPLICATIONS

In our discussion to this point, we have scen that what people learn from
study is a complex function not only of the characteristics of what they study,
but also of their previous experience, what they expect to learn in the first
place, and the ways in which the instruction is modified or added to in order
to increase its effectiveness. Given this state of affairs, it comes as no surprise
that people have encountered difficulty in attempting to transform instruc-
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tional rescarch into instructional practice. However, in spite of such difficul-

ties we now do our best to outline possible applications of the material w
have reviewed.
Remember that the second section of this chapter summarizes rescarch

done on three major classes of activity which influence instructional encod-
ing. We reviewed work (1) on allocation of processing attention, (2) on
schema conceptions of how old knowledge is activated in order to acquire
new information, and (3) on the various approaches to depth of processing
activitics. Based on this initial analysis, we are able to begin our discussion of
applications by describing three important principles.

A. PriNCIPLE 1

The allocation of processing attention is critical in order for encoding to
take place. Hence, any procedure that directs processing attention to target
portions of the instruction increases the probability that students will learn
what is expected of them.

B. PriNCIPLE 2

The activation of an appropriate knowledge schema provides a useful
semantic framework for interpreting incoming information. Thus, any ma-
nipulation which acts to produce an interpretation schema that is similar to
that of the author and/or tester of the instruction, will heighten the chance of
the content being successtully encoded.

C. PriNCIPLE 3

Depth of processing in terms of both effort and complexity is important for
producing durable encoding. Consequently, any instructional method that
compels the student to work harder at learning, or helps to semantically
increase the elaboration—integration process will lead to more effective in-
structional outcomes.

D.  UNIFYING THE THREE PRINCIPLES

Taken together, these three principles provide us with a set of guidelines,
both for evalnating the various instructional accessories we have discuss ed,
and for thinking generally in terms of teaching practice. For instance, in the
examples we have previously used, the allocation of attention is probably
influenced to the greatest extent by variables such as text structure and
adjunct questions. Other things being equal, the structural hierarchy and
author-genevated cues within a text become a determinant of what the learn-
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er will pay attention to while reading. If the inherent text structure fits
tested instructional goals, then this form of attention control will facilitate
acquisition of target material. The same effect holds true for adjunct ques-
tions, in the sense that they provide the student with a task schema for what
is to be learned, and help to define those parts of the lesson which will
receive processing attention during study. In addition, adjunct questions are
relatively easy to generate and are more likely to increase attention alloca-
tion to critical content than is text structure because such questions are
acquired as separate units outside of the context of the lesson itself.

In terms of the second principle, knowledge schemata are triggered by the
class of accessories we have labeled “schema activators.” We have previously
shown that a wide variety of contextual and semantic cues serve to assist the
learner in selecting an appropriate interpretation vehicle for incoming infor-
mation. Also, feature-based structures such as maps may provide a type of
spatial schema which itself is later useful for the accurate recall of target
information. From an application point of view, there is little doubt that any
mechanism which catalyzes an appropriate schema also establishes the ap-
propriate information base on which to focus processing attention and depth-
of-processing strategies.

The mnemonic devices we have discussed provide a good example of how
one might tap depth of processing within an applied framework. The suc-
cessful use of mnemonics does, indeed, depend on the way in which new
information is handled and encoded. Rescarch on procedures, such as the
method of loci and the keyword method, represents a somewhat concrete
instance of how specific processing strategies can be brought to bear on a
particular stimulus combination. However, virtually any procedure which
aims at making the target instruction more distinct and elaborates its mean-
ing fits within the depth-of-processing category.

The formula for instructional application then involves first determining
which of the attending, schema, and processing components is to be intlu-
enced, and then selecting one or more accessories that will act to maximize
learning vields per unit of time. It has come as no surprise to us that the
preceding process is highly similar to that which is practiced by many master
teachers, who follow essentially the same scquence of instructional events,
but base their selections on years of teaching experience, rather than on the
research immediately available in the literature domain we have just
reviewed.
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PRACTICE AND SKILLED
CLASSROOM PERFORMANCE

Gary D. Phye
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Ames, lowa 50011

I. INTRODUCTION

In this chapter, the topic is practice and skilled performance. The effects
of practice on the development of cognitive skills are reviewed, and sug-
gestions are made for the incorporation of cognitive skill development into a
model of study behavior.

In scction 11, the nature of a cognitive skill is discussed and consideration
is given to how skills are acquired. Based on a two-process model of skill
development by Shiffrin and Schneider (1977), cognitive skills are defined in
terms of controlled and automatic processing. Following the discussion of
the Shiffrin and Schneider model that is generic in nature, Anderson’s model
(1982) of skill acquisition is reviewed. This model is similar to the Shiffrin
model in that it is also a two-process model based on controlled and automat-
ic processing. A third view of skill acquisition, an iterative model, has been
proposed by Hayes-Roth, Klahr, and Mostow (1981). The iterative model is
viewed as complementary to the previously discussed models. The iterative
model is based on the idea that following the try-out of new knowledge, a
number of potential problems and learning opportunities exist.

In a classroom situation, advice by a teacher is usually provided when a
student is asked to acquire new knowledge. This advice usually takes the
form of rules, concepts, or heuristics. New learning is not required when the
advice is successful in meeting new demands. On the other hand, learning
occurs following an episode where expectations of success are not met and
errors are made that must be corrected. Thus, learning is seen as the correc-
tion of errors and the modification of existing schemata. It is the error
analysis component of the iterative model that makes it unique.

The final topic in section II is a discussion of expert performance. The role
of practice over a period of years is seen as crucial in the development of skill
demonstrated by eminent mathematicians, musicians, and sports figures.
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This discussion serves as a lead-in to section I, which is devoted to the
topic of practice.

Section III is divided into three major subsections: (1) cinstellung, (2)
practice schedules, and (3) processing variables necessary for improvement
to occur as a result of practice. Einstellung is discussed within the context of
a narrowing of focus as a result of practice that may produce a deleterious
effect when more than one strategy can be used for problen solution. Prac-
tice schedules are discussed in terms of the influences of whole or part

practice, massed or distributed practice, and the timing of the initial practice
session. These factors are considered in terms of their impact on skill acquisi-
tion. The section on processing variables includes a discussion of the concept
of feedback and the role of informative feedback in skill acquisition. The
nature of feedback and its corrective or confirmatory functions are intro-
duced within the context of error analysis. The role of error analvsis and
diagnosis within the context of practice and skiil acquisition is presented as
an iterative approach to instruction and classroom learning.

Section 1V provides a summary stateraent about the role of practice in skill
acquisition. Also, the presentation topics are related to a call for the develop-
ment of an educational psychology of studyving (Rohwer, 1984).

COGNITIVE SKILL

In previous chapters, cousideration has heen given to the role of various
memory components (c.g., attention and working memory) involved in the
process of lecarning. Each chapter author has provided examples of how these
components function and the role they play in classroom learning. The
present chapter is an attempt to integrate some of the current rescarch
findings that relate to skilled performance in the classroom.

How does a consideration of cognitive skills relate to the processing com-
ponents discussed in the preceding chapters? Such a relationship has been
developed clsewhere (Hudgins, Phye, Shau, Theissen, Ames, & Ames,
1983) and can be conceptualized as a hierarchical arrangement involving a
combination of superordinate—subordinate relationships among academic
tasks, cognitive skills, and cognitive processes (see Table 1).

The list of cognitive skills in Table 1 is certainly not exhaustive. This
becomes obvious when one reflects on the content of other chapters. In this
section, the focus is on defining what is meant by skill and cxploring how
skill is acquired.

A commonly heard maxim is that “practice makes perfect.” This should be
corrected to read “almost always, practice brings improvement and more
practice brings more improvement” (Newell & Rosenbloom, 1981). In a real
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TABLE T Hierarchy of Cognitive Tasks, Skills, and Processes

Cognitive academic tasks
Language development
Reading
Mathematics
Writing

Cognitive skills
Thinking skills (inductive and deductive reasoning)
Comprehension skills
Attention skills
Remembering skills
Study skills
Transfer skills
Inferential skills
Problem-solving skills
Critical thinking skills
Creative thinking skills

Cognitive processes
Attention
Short-term menmory
Working memory
Long-term wmemory
Metacognition

Note. From Hudgins ct al. (1983).

sense, a skill is a highly overlearned rule, schema, cte., that is initially
processed i a slow, halting, crror-prone fashion to a point that through
practice it becomes fast, automatic, and relatively crror free. Practice used
to be a basic topic in many educational psychology texts, in some cases even
being a separate chapter (c.g., Ausubel, 1968; Ausubel & Robinson, 1969).
At the present time, many texts devote only a page or two, if that, to the
topic. But as Newell and Rosenbloom point out, in the first edition of Wood-
wortl’s Experimental Psychology, the statement was made that “there is no
essential difference between practice and learning except that the practice
experiment takes longer” (Newell & Rosenbloom, 1981, p. 1). Conse-
quently, practice has not remained a separate topic but has become a term
for talking about learning skills through the repetition of their performance.

The concept of practice as a means of promoting skill acquisition in motor
learning has continued to appear in both the research literature and physical
education classrooms. However, a comparable interest in multiple trial
learning (practice) has not been as persistent in the verbal learning litera-
ture.
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A. THE NATURE OF A SKILL

In the gencric sense, what is a skill? If desired, one could list a number of
individual skills said to be necessary for competence in any academic task.
While such a list would be descriptive, it would not address the issue of
“what is the nature or role of a skill in human information processing?”

For present purposes, a skill can be viewed as a highly developed se-
quence of procedures that acquire the characteristics of automatic process-
ing. An automatic process is a set of highly practiced sequences (schema,
plans, frames, ctc.) that provides the basis for an integration of processing
components. For example, good readers are those students who understand
what they are reading without consciously paying attention to such things as
the number of eye fixations per line of text, organizing what is being read so
that it can be related to existing knowledge, or going into long-term memory
to decode the meaning of a word, ete. This emphasis on automatic as well as
controlled processing is a current focus in cognitive psychology (Gagne,
1985). The development of automatic processes seem to be predicated on
practice. Practice gives rise to a high level of error-free performance that we
designate as skill. Iere, concern is only with those automatic procedural
sequences we call cognitive skills.

B. A MoDEL OF SkiLL DEVELOPMENT

Where do skills fit into the picture when considering learning in the
classroom? Going back to Table 1, it becomes apparent that many of the
teaching activities in a classroom are devoted to the learning and refinement
of cognitive skills. In some cases, the current Zeitgeist (spirit of the times) of
“back to the basics” is defined in terms of basic skills like critical thinking,
problem solving, studying, ctc. When these cognitive skills are developed to
such a high level that their appropriate use is highly automatic, one makes
reference to the skilled learner. So what is implied is a highly specific mode
of information processing that requires little or no conscious monitoring.
These highly developed schemata, rules, procedures, plans, etc., involve
sequences of processing stored in long-term memory storage that, along with
controlled processing in short-term working memory, provides the basis for
skilled performance.

Automatic and Controlled Processing

A formal model of automatic and controlled processing is the two-process
theory of human information processing proposed by Shiffrin and colleagues
(Schneider & Shiffrin, 1977; Shiffrin & Dumais, 1981; Shiffrin & Schneider,
1977). This two-process theory identifies controlled and automatic process-
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ing as the basis for human information processing. Controlled processing
involves the conscious processing of inforination, frequently referred to as
working memory. Automatic processing involves overlearned schema or se-
quences stored in long-term memory. Once activated, automatic processing
operates independently of a learner’s conscious control. These automatic
sequences located in long-term memory were originally learned via con-
scious effort (controlled processing). In other words, skilled performance is
based on the automatic processing of sequences originally learned as a result
of conscious effort. Through practice, the overlearned sequences stored in
long-term memory can be automatically processed once they have been
activated via controlled processing (working memory) or stimuli from the
environment.

Automatic processing [emphasis mine] is activation of a learned sequence of elements
in long term memory that is initiated by appropriate inputs and then proceeds
automatically—without ject control, without stressing the capaeity limitations of
the system, and without necessarily demanding attention. Controlled processing
[emphasis mine] is a temporary activation of a sequence of elements that can be set

up quickly and easily but requires attention, is capacity limited [usually serial in
nature], and is controlled by the subject. (Schneider & Shiffrin, 1977, p. 1)

A student involved in classroom learning uses both types of processing.
For example, a skilled reader, reading material aloud for the first time, can
think about what is being read (comprehension) while not paying attention to
such automatic skills as number of fixations per line of text, having a good
return sweep to the left margin, good word attack skills, phonic skills, etc.
Examples of skilled writers or mathematicians could also be developed.
From the context provided in the present volume, we could probably sub-
stitute the concept of schemna, rule, or plan, for Shiffrin and Schneider’s
concept of a collection of nodes. Conceptually, one could also substitute
Royer’s neurogen theory based on a biological metaphor without violating
the basic heuristic value of the two-process theory. As will be noted shortly,
Anderson (1982,1985) has incorporated some basic elements of the two-
process theory in his model of skill acquisition that is associationistic in
nature (Anderson, 1976).

A controlled process is under the conscious control of the learner. Because
a controlled process requires the attention of a learner, only a single se-
quence may be controlled at a time. Also, because a controlled process
utilizes short-term store in working memory, it is also capacity limited.
Further, controlled processing may involve input of information from recep-
tors or the retrieval of information from long-term memory store. Converse-
ly, an automatic process is located in long-term memory store and may be
activated in response to inputs from outside the learner or from short-term
memory store. The schema, plan, skill, etc., that has become an automatic
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process is activated automatically without the necessity of active control or
attention. Ience the possibility of the parallel processing of a controlled and
automatic sequence of cognitive activities (e.g., our oral reading example).

C. SKILL ACQUISITION

A more detailed account of how skills are learned is provided by Anderson
(1982,1985). Anderson has proposed a stage theory of skill acquisition that
incorporates clements of the aforementioned two-process theory, the work
of Fitts (1964), and the ACT modecl of language, memory, and thought
{Anderson, 1976; Anderson & Bower, 1973). For a detailed explanation of
the acquisition process, the reader is referred to the Psychological Review
article “Acquisition of cognitive skill” (Anderson, 1982).

Briefly, Anderson proposes a two-stage learning model of skill acquisition
that includes a declarative stage and a procedural stage. The declarative
stage involves declarative knowledge that consists of information and/or
facts. This declarative stage marks the initial point in the lcarning process
where the learner knows facts or has information about what is to be learned.
This stage is where facts or information about the learning task is interpreted
and encoded in terms of a general problem-solving strategy or schema ap-
propriate to the task at hand. In order to get to a point where the learner can
use the facts and information to produce a solution or product, a transition
must be made to the procedural stage, where a person “knows how” to use
the facts and/or information. Once the procedural stage has heen reached,
continued practice will produce a level of proficiency characterized by rela-
tively rapid. error-free performance that has domain specific (geometry,
reading, algebra, writing, etc.) application.

An overview of the ACT acquisition model is provided in Table 2. This
skeleton is not intended to be complete and any errors of misrepresentation
are strictly the responsibility of the present author.

What we generallv call practice would involve the transition of knowledge
from the declarative stage to the procedural stage and bevond. In fact, much
learning goes on after a skill has been compiled into a task specific pro-
cedure. As can be noted in Table 2, the processes of generalization, discrimi-
nation, and strengthening are operative. Generalization is the ability to
apply procedures adeqguately in a new or novel situation. The discrimination
process restricts the range of application of procedures to those most appro-
priate. In order for the discrimination process to work, hoth negative feed-
back indicating an error and information as to what the correct action should
be must be available to the learner. The strengthening process in the ACT
model is analogous to the concepts of positive reinforcement and punish-
ment. The strengthening process provides the basis for increasing the
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TABLE 2 ACT Model—Stages of Skill Acquisition

Skill Stage 1:  Declarative stage

encoding . . .
& Component:  Short-term working memory

Processes:  Initial encoding and general interpretation of
facts about skill domain to be learned. This is
the development of general problemn-solving
strategy relative to the task at hand (e.g.,
geometry problems, chemistry problems)

Skill Knowledge The process by which a skill transits from the
transition compilation:  declarative stage (Stage 1) to the procedural
stage (Stage 2)

Components:  Short-term and long-term working memory

Processe

Composition and proceduralization

Composition takes sequences of productions
that follow each other in a problem strategy
and collapses them into a single prodution

Proceduralization eliminates clauses in the
condition of a production that requires
information to be retrieved from long-term
memory and held in working memory

Skill Stage 2 Procedural stage

refinement . .
Components:  Long-term working memory, metamemory

Processes:  Declarative knowledge has become
proceduralized and procedures undergo
continual refinement as a result of processes of
(1) generalization, (2) discrimination, and (3)
the strengthening of procedures

strength of an appropriate application of a procedure and lessening the
strength of an incorrect application.

In summary, 1 refer the reader back to Table 1 and the hierarchy of
academic tasks, cognitive skills, and processes. A bit of reflection on what we
have required of teachers would suggest that most of their training and most
of what they teach are related to the first level—cognitive tasks. 1 have tried
to make the case that cognitive skills of one type or another are integral parts
of any academic task. Unfortunately, when we train prospective teachers, we
tend to ignore cognitive skills. Assuming that skills are basic to the successful
mastery of an academic task, how can teachers offer corrective remediation,
prompts, guidance, etc., unless they are aware of the role of cognitive skills?
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Further, what about those instances when a learner caunot engage in appro-
priate information processing because of a component Sm,mr:cmm or dis-
ability. Again, most teachers are better prepared to modify the physical
classroom environment than identify or diagnose processing errors involving
component or skill deficits. Many such learners get diagnosed learning dis-
abled and removed from the regular classroom. This may be appropriate in
such cases as dyslexia that would be an instance of a component disability.
However, 1 m:mvcoﬁ that the majority of students labeled “learning disabled”
suffer from a skill deficiency that could be dealt with by a regular classroom
teacher with an understanding of the learning process.

D. ADvVICE TAKING AND KNOWLEDGE REFINEMENT

An iterative view of skill acquisition has been proposed by Hayes-Roth,
Klahr, and Mostow (1981). The iterative view should not be viewed as a
model of skill acquisition that is in opposition to the Shiffrin—Schneider
1977) or the Anderson (1982) models. Rather, it could be viewed as an
extension and complement.

The theoretical focus underlving the Hayes-Roth et al. model ditters from
that of earlier models. The iterative view of development is one that empha-
sizes the dynamic nature of change and assumes tbat as change occurs, the
nature of the acquisition process changes both quantitatively and qualitative-
ly. The iterative view has a long history in the cognitive developmental
literature. An iterative model is one that builds upon itself in a repetitive
manner. Following the try-out of new knowledge, a number of potential
problems and learning opportunities exists. A diagnosis of potential prob-
lems and errors stimulates a refinement of previous knowledge. At this
point, the cycle is reinitiated and the refined knowledge is tried out.

Hayes-Roth et al. assume that when we acquire intellectual skill, three
Jﬁmm\& knowledge are learned. These include (1) concepts and algorithms
within an area or domain, (2) increasingly effective means for achieving goals
in that area or domain, and (3) an improved awareness of the consequences
of our plans. More frequently, these three types of knowledge have _Vomm
referred to as “knowing,” “knowing how,” and “knowing how to know,
respectively. “Knowing” is frequently used as a synonym for declarative
knowledge. For example, “knowing” consists of information such as con-
cepts and algorithms that are domain specific. Reference by Hayes-Roth et
al. to an increasingly effective means for achieving goals in a domain appears
to be comparable to “knowing how.” In this instance, “knowing how” means
being able to appropriately use the knowledge one has. An improved
awareness of the consequences of one’s plans appears comparable to the
metacognitive skill of “knowing how to know.” This skill involves an
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awarencss that the present problem is similar to problems successtully
solved in the past using the concepts and/or algorithms used suceesstully in
the past.

Because most intellectual skills are acquired in a formal educational set-
ting, some form of instruction is typically available. The learner must also
learn via experience when new knowledge is tried out. Consequently,
Hayes-Roth ct al. have proposed a two-phase learning cycle. The first phase
requires the learner to follow the advice of an instructor. In the first phase of
learning, advice is provided in the form of concepts, rules, heuristics, ete.,
that define a domain. However, before learners can use the advice, thev
must interpret it and relate it to previous knowledge. This process of under-
standing has transformed the advice into knowledge that can be used. Actual
putting the knowledge to use in the form of plans or strategies and carrying
out the plans produces the behavior that the advice initiated. The first phase
of the learning cycle involves the acquisition of declarative knowledge and
the transformation of declarative knowledge to procedural knowledge, as
demonstrated by the learner trving to use concepts and/or algorithms for
problem solution.

Typically, this processing is not learned in a single trial, and errors oceur.
These errors may arise from several sources as information is transformed
from declarative to procedural knowledge and must be diagnosed and rec-
tificd. These activities initiate the second phase of the learning cyele. In this
phase, errors are diagnosed and the knowledge base constructed in Phase 1
is refined.

Errors can arise from several sources. The learner might have misin-
terpreted the advice that was initially offered. Second, the plan or heuristic
that was developed to guide behavior might e wrong. Also, the plan or
heuristic might be appropriate, but its implementation might be faulty. In
each case, the learner must reevaluate and refine knowledge and/or strat-
egies in accordance with the diagnosed deficiencies. Tt is this error-analysis
feature of the advice-taking model that makes it unique as an acquisition
model. This model largely ignores positive learning eveles that are assumed
to be strengthened as a result of successful completion and focuses on nega-
tive learning experiences that require diagnosis and refinement.

The implications of such a focus is that new learning is not required when
advice (a plan, concept, or heuristic) is successful in meeting expectations. In
other words, learning is triggered when errors occur and our expectations of
success are violated. “We can think of hehavior as theory driven, because
behaviors derived from assumptions, plans and theoretically appropriate
transtormations of expressions; learning is triggered by events that discon-
firm the expectable consequences of such theories” (Hayes-Roth, Klahr, &
Mostow, 1981, p. 243). From this perspective, a skilled learner is one who is
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adept at Phase 2 activities within an arca or domain. Also, the learner who
has attained a high degree of ability to “know how to know” within an arca i
frequently referred to as an expert.

E. ExPERT PERFORMANCE

As has been mentioned in various chapters, the examination of perfor-
mance differences hetween experts and novices has hecome a topic of con-
siderable interest. The various skill areas that have heen explored include,
among others, chess (Chase & Simon, 1973), physics (Larkin, McDermott,
Simon, & Simon, 1980). algebra (Lewis, 1981), and the social sciences (Voss,
Tyler, & Yengo, 1983). The focus in these studies has been attempts to
E.m::.? how experts and novices process information differently when en-
gaged in particular tasks. Keep in mind that the processing differences are
observed relative to the skill under observation (e.g., chess or algebra)
Processing differences of a general nature that cut across skill domains have
not been observed. In other words, the expert chess master may have no
processing advantages on tasks other than playing chess. Processing dif-
ferences between experts and novices is not the focus of the present chapter.
Rather, I want to introduce the topic of practice by considering its role in the
development of expert performance.

Bloom (1982, 1986) has hegun to publish results of a 3-ycar study of talent.
The subjects in this study were world-class Olympic swimmers, pianists, and
research mathematicians. All of these individuals had attained “world class”
status in their ficlds prior to the age of 35. Three characteristics possessed by
all participants in the study appeared to transcend the particular fields of
sport, music, or mathematics. The three characteristics that made these
persons good students in their chosen fields were (1) an unusual willingness
to practice, (2) great competitiveness, and (3) the ability to rapidly learn new
techniques. ideas, or processes in the talent field.

Interestingly, the first characteristic (willingness to work to achieve a high
standard) was not present at carly ages (5 to 8 years), but it became apparent
following several years of instruction. This willingness to work or practice
appears to be related to early socialization in the home and the early training
provided by teachers. “In general, it was discovered that during a minimum
of at least 10 vears all of the individuals had devoted more time, energy, and
thought to their talent arcas than to any other activity or area of their life”

(Bloom, 1982; p. 511).

Ill.  PRACTICE

From our discussion of skill acquisition. it is obvious that practice is essen-
tial for automatic processing to develop. When analyzing the suggestion “of
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no essential difference between practice and learning except that the prac-
tice experiment takes longer™ (Newell & Rosenbloom, 1981; p. 1), one
comes to the conclusion that components involved in learning are also in-
volved in practice. The distingnishing feature that characterizes the practice
experiment is repetition. As a result of practice. commonly observed effects
of repetition are an increase in the speed of task completion, a decrease in
error rate, and a decrease in flexibility (Einstelliung effect).

Langley and Simon (1981) have specifically addressed the central role of
learning in cognition. By implication, practice plays a major role in any
attelpt to explain an increase in the efficiency (increased speed and de-
creased error rate) with which the learner performs. This information-pro-
cessing perspective gives rise to certain basic principles that define the
conditions nnder which learning through practice can take place. Althongh
the list is not exhaustive, Langley and Simon (1981) have identified six of the
most prominent and central conditions for learning from an information-
processing perspective. These conditions inelnde (1) knowledge of resnlts,
(2) generation of alternatives, (3) causal attribntion, (4) hindsight, (5) learning
from instruction and (6) auntomation.

Generally speaking, in order for practice to be effective, the learner must
be able to detect improvement or degradation in performance. Thus, knowl-
edge of results is essential inany practice situation. In the recent psvehologi-
al literature, knowledge of results is a cognitive mechanism that provides
information used to monitor practice. This cognitive mechanism is one side
of the coin called reinforcement, that also embraces a motivational mecha-
nism called reward. Here, because of our cognitive frame of reference, we
are concerned only with the knowledge-of-results issue of reinforcement.

This ability of the learner to monitor performance through the use of
knowledge of results must be coupled with the ability to generate alter-
natives. This is particularly the ca
impassc in the increase in speed of task completion and a decrease in error

when knowledge of resnlts indicates an

rate, or a degenceration in performance. The analysis of errors can contribute
greatly to the learning process only it new behaviors can be attempted. The
ability to use knowledge of results to identify tvpes of errors and then gener-
ate alternative modes of performance can ocenr only if the learner can sue-
cessfully identify the sonrce and nature of the error(s). Students can learn
from mistakes only if they can discover the source of their errors (causal
atrribution). In a real sense, we are talking about aspects of metacognitive
functioning discussed in Chapter 8. Becanse knowledge of results follows
performance, hindsight must be used to analyze and improve performance.
Hindsight (1« metacognitive skill?) involves the reexamination and reevalia-
tion of past performance in light of knowledge of results and causal attrilyu-
tion received following performance. This principle of learning is known to
most good students and to a relatively few poor students.
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According to this view, the repetition (practice) of a learning event must
contain provisions for knowledge of results, an opportunity to generate alter-
native responses, the ability to identify the source of good or poor perfor-
mance and then the use of such information in a manner called hindsight in
order for automation to occur which is characterized by an improvement in
speed and accuracy of performance.

The effects of practice can be facilitated by instruction. As we have seen in
previous chapters, a teacher can provide knowledge of results, information
to be encoded, the organization to be used in encoding, knowledge about
the source of good performance or errors, and the use of hindsight. Also, the
upcoming chapter on learning strategies is predicated on the assumption
that instruction during practice facilitates the learning of complex skills.

A.  EiNSTELLUNG EFrFeCT

In this discussion of practice, we have emphasized the characteristics of (1)
increase in speed and (2) accuracy in performance as a result of repetition. It
must also be acknowledged that performance may at some point reach a
plateau, in which case new alternatives in responding must be considered. Tt
appears that the observed plateau (no increase in speed or accuracy) may be
the result of the Einstellung effect (the set which predisposes a learner to
one type of motor or conscious act).

While practice provides the basis for an increase in speed and accuracy,
there is a potential trade-off cftect. The price one pays as speed and accuracy
increase is a growing inflexibility and a resistance to adopting or generating
alternatives. This resistance to change was first reported in the problem-
solving literature by Luchins (1942). Although the Einstellung effect was
observed in several different kinds of tasks, the most well-known experiment
was the water-jar problem. The basic task and the problems used to demon-
strate the effect are given in Table 3.

Subjects were told that they had three empty jars they could use to obtain
a specified amount of water. They could use the jars in any combination they
wished as long as they obtained the exact specified amount. They could not
use any other measuring devices.

The first problem in Table 1 can be solved in two steps using two jars. The
successful strategy can be proceduralized using the formula A — 3B. Howev-
er, Problems 2 through 6 are more complex because three jars must be used
and more steps are required for successful solution. Problem 2 can be pro-
ceduralized using the formula B — A — 2C. Both problems were given as
examples with solutions provided.

Then, subjects were told to practice using problems 3 (E,) through 11
(C). Problems were presented on the blackboard one at a time at intervals of
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TABLE 3 Example of Luchin's Water Jar Tvpe Problems

Given the following empty
jars as measures
Obtain the required

Problems Jar A Jar B Jar C amount of water
1 21 2 — 15
2E, 20 115 3 59
3E, 24 153 5 119
4 Ey 20 43 2 19
SE, 8 32 3 18
6 Eg 30 69 4 31
7C, 26 38 6 20
§C, 15 39 3 18
9 30 84 2 28

10 C4 20 58 6 26

11 Cy 18 42 6 12

23 minutes, or more often if students required less time. If a person works
problems 3 (E,) through 6 (Ey), it becomes obvious the B — A — 2C strategy
is successful. At this point, verify for yourself that while the B — A — 2C
strategy works for problems 7 (C,) and 8 (C,), a more simple and direct
solution for problem 7 is A — C and for problem 8 A + C. In the original
study, not one of the subjects (Ph.D. or M. D. degree holders) used the more
direct method in problems 7 and 8. Problem 9 cannot be solved using the B
— A — 2C formula. But, it can be easily solved using an A — C strategy. The
effect of problem 9 was to improve performance on problems 10 (Cy) and 11
(C,), in that there was a 15% increase in the number of subjects ﬂ.mmsn the
simpler more direct A + C and A — C strategies.

Einstellung is “the set which immediately predisposes an organism to one
type of motor or conscious act” (Luchins, 1942, p. 3). In the water-jar experi-
ment, problems 2 through 6 were problems that generated the m.m:ﬁc:::n
effect for problems 7 and 8. The Einstellung effect was demonstrated when
subjects used the B — A — 2C formula and not the more simple and direct A
— C (Problem 7) and A + C (Problem 8) strategies.

B. Task VARIABLES

Ausubel (1968) and Ausubel and Robinson (1969) devoted a chapter to the
topic of practice. However, current authors tend not to give much attention
to the topic. It is hoped that the current interest in “study behavior” will
regenerate interest in practice. This lack of interest in the topic can be
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observed in manv classroom activities. The Zeitgeist during the decade of
the 1970s scemed to be one where the practices of homework, skill develop-
ment, drill and practice, and structured s atwork was deemphasized. The
process of schooling was supposed to be fun, and practice looked too much
like work. The current Zeitgeist suggests that while the socialization and
social skill aspect of the schooling process may be fun, the development of
academic skills entails work in the form of practice. While the recent decline
in SAT scores is, no doubt, due to a multitude of factors, T am convineed that
a decline in emphasis on practice and skill development has been a contrib-
uting factor.

ajor variables to be considered when designing an optimal practice
schedule are the task variables of (1) the nature of practice and (2) distribu-
tion of practice. Both of these variables are influenced by such factors as the
subject matter being practiced, and the age of the learner. Of course, consid-
cration must be given to the outcome of practice. Is the objective one of
short-term retention (studying for next exam and then forgetting it), long-
term retention (acquiring skills that can be used again and again throughout
academic carcer). or transfer (the ability to use acquired skills when appro-
priate, independent of subject matter)?

Iy

1. Whole versus Part Practice

One of the first considerations when developing a practice schedule is the
nature of the practice session. Should one try to cover the whole assignment
at one time, or should the task be broken into smaller parts? In the latter
case, the student practices parts of the assignment independently and then
puts the parts together. As one would guess, it is difficult to state unequivo-
cally which approach is hest for all students. In reality, this decision must be
made by the learner on the basis of trial and error with various subject
matters. A student with good reading skills may be able to read an entire
chapter and organize it for further study. A student with less ability or skill
may cover only the first half of the chapter during the first study period and
the rest of the chapter on the next day. In addition to the ability dimension
and its influence on how much can be covered in one sitting, the age of the
learner is an influencing factor. For instance, a fifth grader can memorize the
Declaration of Independence as well as a tenth grader. However, the fifth-
grader will probably have to learn and practice the speech one paragraph at a
time while the tenth-grader might tackle the speech i its entirety. One last
example of the relative nature of what is meant by whole or part learning
comes to mind in terms of subject matter.

As a college undergraduate, T found that a chapter of 30 to 50 pages in the
social sciences was about right for a single study period. In other words, the
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whole chapter was studied at one sitting. However, when reading a chapter
in a chemistry text, the progress was much slower. Typically, a chapter
would be divided in half and covered in two sittings on successsive days.
Thus, when reviewing (practicing) a chapter in psychology, the chapter
would be studied in its entirety. [lowever, when reviewing chemistry, the
first part of a chapter would be studied and then the last half of the chapter
reviewed at another time. To complicate things a bit further, when breaking
a study assigmmnent into parts for practice, three possibilities exist. These
possibilitics include (1) the pure part inethod, (2) the progressive part meth-
od, and (3) the repetitive part method (McGeogh & Irion, 1952). Again,
using the Declaration of Independence as an example, the three part meth-
ods can be demonstrated. For purposes of demonstration, assume that the
Declaration of Independence has been divided into three parts (A, B, & C).

In the pure part method, each subpart would be practiced separately,
starting with subpart A. If the criterion is one perfect recitation, subpart A is
practiced until the learner can recite the material with no errors. Then,
subpart B is practiced in the same way. When B can be recited with no
errors, subpart C is practiced in the same manner. When the last subpart has
been recited perfectly, all subparts are put together (A, B, & C) and prac-
ticed as a whole until the entire speech can be recited perfectly.

The progressive part method is like the pure part method up to a point.
For instance, subpart A is practiced until mastery ocenrs, and then subpart B
is practiced in the same way. At this point, rather than attack subpart C as
would be the case in the pure part method, subparts A and B are combined
and practiced until the criterion of a perfect recitation is reached. Only then
does the learner attack subpart C and practice until the criterion is reached.
When subpart C is mastered, subpart A and B is combined with subpart C
until the entire task (A & B, + C) is mastered. With this practice strategy,
the learner is dealing with two parts of a task with the initial subpart becom-
ing progressively larger as practive proceeds.

The repetitive part method is the last part-practice strategy considered.
Here, the learner first masters snbpart A. Then, subpart A is combined with
subpart B to produce subpart A&B, which is then practiced. When subpart
A&B is mastered, subpart C is combined with part A&B to produce A&B +
C (the whole task), which is then practiced until mastery is reached.

These part-practice strategies arc simply various combinations of new
learning and review, which we call practice. The most effective strategy for
any learner is undoubtedly influenced by such factors as age and ability,
mecaningfulness of the task, the type of subject matter, and subject matter
sophistication. A learner’s ability to adopt the study strategy best suited to
her or his needs is certainly demonstrating the type of metacognition re-

]

ferred to by Brown (1981) as “regulation of cognition activities” (see Chapter



156 GARY D. PHYE

8 of this volume). Quite obviously, these practice approaches n”c:_m be incor-
porated into the development of learning tactics and strategies to be used
within the context of training and/or instruction. It would appear that such
practice strategies would facilitate the encoding processes m._dc_c.(‘ni by
working memory when attempting to store inforntation in long-term

memory.

2. Massed versus Distributed Practice

While the part-whole schedule addresses practice strategies :.. 8.::,,,. of
quantity or the size of a learning assignment, :H,o :Emmca_ Vs, ﬁ.rmc.:u:gﬁ_
practice schedule addresses the issue of timing of practice. O_?_c.:m_.ﬁ the
part versus whole and massed versus distributed practice moro%ﬁ_o issues are
not independent. A student studying for a weckly quiz or a midterm exam
considers both the size of the assignment and the test date when developing
a study strategy. However, for didactic purposes, the two topics have been
separated.

The massed versus distributed practice issue has a history comparable to
that of the part versus whole practice issue (Ausubel, 1968; Stroud, 1942).
Nonctheless, recent research has focused more on the issue of massed versus
distributed practice (Zechmeister & Nyberg, 1982). This possibly is due to
the less nebulous nature of the massed versus distributed practice strategy
because this strategy is more casily and clearly operationalized. It should
also be recognized that in certain instances, a part or whole practice v..:icm.,\
may be identical to a distributed or massed practice strategy. But, this :m,m.ﬁ_
not be the case. For example, a student studying a chapter for a weekly quiz
may read the chapter in its entirety (whole method) on (<oﬁ_.:mma_:‘< and
Thursday for Friday’s quiz (distributed practice). An alternative strategy
might be to use the pure part method on Thursday night in order to cover
the chapter twice that night (inassed practice).

In the classroom, we frequently tell students that cramming (massed prac-
tice) the night before an exam is not a good practice strategy. Is this truism
accurate? As one would guess, the answer is not straightforward. First of all,
if the cramming session is an all-night session or one that _uﬁ.m until the carly
hours, fatigue becomes a confounding factor. For example, if one stays up all
night to study for an exam at 10:00 a.m. and must attend 8:00 L. and cu.oo
a.m. classes prior to the exam, fatigue will influence the cm_cﬁ:o% with
which you can retrieve information or solve problems on a timed test re-
gardless of how well the material was learned the night before. However, if
we assume the assignment is a short one and can be learned by regular
bedtime, fatigue is not a factor. Now, what does the literature say about the
massed versus distributed practice issue?
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A review of the current research literature pertaining to the distributed
versus massed practice controversy has been provided by Zechmeister and
Nyberg (1982). An overall conclusion reached by these authors is that when
fatigue is not a confounding factor, no difference exists in the total amount of
time to learn material regardless of strategy. However, when the issuc is one
of long-term retention, the sitnation changes. In this instance, distributed
practice promotes better long-term retention for verbal materials than does
massed practice. If you are enrolled in a course having 3-hour exams and a
comprehensive final, cramming (massed practice) may produce as good a
grade on an hourly exam as distributed practice—provided fatigue is not a
factor. However, it is on the comprehensive final where distributed study
appears to pay off in terms of better memory storage. Consequently, if one
can do as well on hourly exams using distributed practice and at the same
time ensure yourself of better performance on the comprehensive final,
distributed practice would appear to be one’s first choice as a study sched-
ule. Tt would follow that an undergraduate who uses a distributed practice
study schedule should experience positive transfer from one exam to another
within a conrse. Also, this student should, theoretically, require less time to
review for a comprehensive final exam than a student who used a massed
practice study strategy.

3. Timing of Initial Practice Session

When a lesson (text, list of spelling words, names of presidents, etc.) has
been covered for the first time, should a review be introduced immediately
or at a later point in time? Should yon review classnotes immediately follow-
ing class? This issue has not been unequivocally answered, although the
issuc has significant implications for a student’s study habits.

This line of research has dealt with the question of whether or not immedi-
ate feedback is better than delayed feedback in improving performance
when learning meaningful material. One of the primary postulates of operant
conditioning theory is that immediate feedback is superior to delayed feed-
back (Skinner, 1968). However, the “delayed retention effect” has been
found with some types of classroom tasks like prose learning (Peeck &
Tillema, 1978; Sturges, 1969), multiple-choice test performance (Kulhavy &
Anderson, 1972), written instruction (Kulhavy, 1977), and computer-assisted
testing (Sturges, 1978). The delayed-retention effect states that delayed
feedback is superior to immediate feedback when dealing with meaningful
verbal material. The explanations for this phenomenon have ranged from the
“interference perseveration hypothesis” (Kulhavy & Anderson, 1972), to a
“depth of processing and spread of encoding” explanation (Peeck & Tillema,
1978; Sturges, 1978). Not all of the research investigating the “delayed
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retention effect” has been supportive. Published studies that have tailed to
support a “delayed retention effect” have inve stigated v_:c,r tasks as U__:‘v.c
learning (Phye & Baller, 1970), multiple-choice test _uc_..r:._:m_#.c ?J.,.T
1979: Phye, Gugliemella, & Sola, 1976), and other forms of classroom learn-
ing Astw:::ﬁ Williams, & Hiller, 1974; /<r:c.q 1968). . .
This lack of agreement as to the occurrence of the delaved _.c?.::.c: cffect
is hardly surprising when considering such factors as (1) what is meant by

feedback, (2) nature of learning tasks, (3) differing Lcm:..:c:m of :.:,H.:X:.,:m
and “delayed,” and (4) two differing paradigms to test for 15, .le.ﬁi
retention” effect. Kulhavy (1977) has pointed out that definitions of feedback
have varied considerably in the rescarch literature. Such terms as knowl-
edge of results, knowledge of correct response, _,._:.:,N_E_mc of response,
correctional review, et cetera, have appeared in the literature, and all deal
with feedback issues. Further, a review of individual studies .m:Euc_.? the
position that “If we are willing to treat fecdback as a unitary .<~:.EZQ,V we can
speak of its form or composition as ranging :_cd_m a cc_:.::::: ?c_.: 15.
simplest ‘ves—no’ format to the presentation of substantial corrective or
remedial information that may extend the response content, or cven add
new material to it,” (Kulhavy, 1977, p. 212). , ,
Adding further confusion, the complexity of tasks _:Z.é ranged from ,z
simple discrimination task (Brackbill, Bravos, & m,.r._._.v 1962), throngh C:,”vm
material especially prepared for the experiment (Sas: enrath & Yonge, 1969),
to a regularly schednled exam in an educational psvchology c._:mm A.EJH. %
Baller, 1970). Also, immediate and delayed intervals have aried q<=_c,_‘< in
the way they were operationally defined. In some stndies, m:::cn::? *,ccn_-
back mm. provided following cach test item, while ,m: others, immediate .*ccﬁ_-‘
back is defined as feedback given immediately following the cc::u_mﬂc: of
the entire set of items (i.c., multiple-choice test). With mmmr 51,,:5_.~ in the
nature of tasks, the nature of feedback, and the timing of feedback, it is not
is a lack of consensus as to the occurrence of the

surprising that there
“delayed retention effect.

4. Drill

Drill in the classroom has imdergone periods of favor and dis ?<c._.. Inan
carly review of practice in the classroom, Strond (1942) traced the history &.
?.:m:oc and drill. Enthusiasm for drill has waxed ::.L .fz:cﬁ_.c,ﬁ_‘ the years
and we are presently coming out of a period 2:2. drill in the form of %w:%m
words, math problems, and oral reading was rﬂi:wﬁ_ upon. [Towever, :m
current Zeitgeist, which calls for a return to the _Em_cm. suggests a renewec
interest and an awareness that skilled performance is in C.zl predicated on
the automatic processing of subskills acquired through drill.
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As was noted in the foregoing discussion of practice, the basic principles of
drill and practice have been available for the past 30 to 50 vears. What we

are currently seeing in the research literature i

arenewed iterest in using
these principles in combination with new rescarch paradigms in an attempt
to improve skill development. For instance. Snowman reviews the literature
on learning strategics in Chapter 9. A careful reading of this literature re-
veals that principles of drill and practice are incorporated into many of the
learing strategies that have been devised to promote the acquisition of
academic skills. Also, Duell's discussion of sclfzmonitoring as a metacog-
nitive skill reveals elements of practice and drill. In other words, when a
stndent is asked to master complex academic subject matter and demon-
strate such cognitive skills as eritical thinking or problem solving, practice in
the form of multiple trials and/or drill on essential subtasks is critical to the
learning process.

Technical innovations lave also set the stage for a renewed interest in
drill. Specitically, the microcomputer in the classroom makes possible the
use of software designed to promote the practice and drill of subject matter
content. The teacher no longer has to be physically present (e.g., flash card
drill in math) in order to carry out drill and practice in the classroont. The
microcomputer and available sottware make possible individualized practice
and drill sessions. In this respect, the microcomputer is viewed as a t xaching
aid that allows the teacher to focus on other aspects of teaching. In this
regard, the computer ensures that drill and practice can he part of the
curriculum, while freeing the teacher to focus on the many other teaching
activities required in the classroom.

A current example of computer-based drill and practice programs has
been provided by Merrill and Salishury (1984; Salisbury, 1984). Many of the
available educational computer programs are admittedly boring, dry, and
unpleasant. This need not be the case. An awareness of the principals of drill
and practice can eliminate such features of current programs. For instance,
many of the current programs do little more than expose the learmer to
material i a manner simitar ta the simple drill and practice strategy often
employed by parents, teachers. or students learning on their own. Tvpically
this simple strategy involves nothing more than repeated exposure to a list of
words or a set of flashcards. While this strategy works to a degree, it is not
very cfficient or effective. First of all, the learner typically las to deal with
every item in the series regardless of whether or not he or she knew an item
prior to the practice session. Also, the learner is usually requiired to learn all
the items at a single sitting, and an equal amount of time is frequently spent
on learned and unlearned items. When all items are encountered on every
series, a serial position effect may occur, where an item serves as a cue for
the next item. In such a case, the possibility cxists that the learner may not
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know an item when the sequence is altered or the item is encountered in a
new context,

Merrill and Salisbury (1984) have developed sophisticated drill-and-prac-
tice software for a microcomputer that corrects the aforementioned prob-
lems observed in many available software programs. For instance, :Hw Mer-
rill-Salisbury drill-and-practice program incorporates the principle &. whole
or part learning and breaks the learning task down into a subset of w.g 9
items. Rather than practicing all items at once, a student works with a
limited subset. The size of the subset depends on the difficulty of items and
the age or level of development of the learner. In order to avoid unnecessary
practice on learned items, this program has the capacity to move items m.c_.:
the working pool to a review pool (see Fig. 1). At the time a learned item is
moved to the review pool, a new item is moved from the item pool .3 the
working subset as a replacement for the learned item. As a means of elim-
inating a serial learning effect, items in the working snbset are ~..,:.:_c::<
reordered cach time the learner goes through the working subset of items.
Once items have been learned to a specific criterion and have been moved to
the review pool, they can be retrieved for periodic review. This acfwé
procedure is one means of taking advantage of the positive aspects of dis-
tributed practice.

Of particular interest to us is the way Merrill and mu:&w:..% Ccmmv have
incorporated principles of learning and practice into the software design. As
can be scen from this example, the incorporation of practice principles into
computer-assisted drill programs can change the 1 VEA_:,:n experience.
Where traditional drill-and-practice software is not very efticient, more so-
phisticated software can be developed that will increase considerably the
efficiency of computer-assisted drill.

C. PROCESSING VARIABLES

In the discussion of task variables, the focus was on those environmental
factors (c.g., massed practice, part-whole practice, and timing of feedback)
that influence learning and retention. In the present consideration of process

Pool of Working
items to be |——==| subset -a—a-|{ for learned

learned

i i £ i ac Sr-assis ins ‘tional program.
FIG. 1. Practice elements :F.:%c?:»i into a computer-ass isted instructional progrs
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variables, we take an information-processing perspective and analyze the
cognitive nature of reinforcement, informative feedback, and the analysis of
errors.

When the topic of reinforcement and human behavior is introduced, one
immediately thinks of Thorndike's “Law of Effect” (1935) and Skinner’s
(1968) operant conditioning principles. More recently, Estes (1972) has pro-
vided a cognitive explanation of reinforcement in human behavior and con-
cludes that reward and punishment influence human action via an informa-
tional and cybernetic process. Any event that mects the definition of a
positive reinforcement (reward) contingency serves both an informational
and a motivational function. The reward is assumed to satisfy a motive.
However, this event also provides the learner with information about what
to do that will lcad to reward in the future in a like or similar situation. As
Estes points out, these two aspects of reinforcement have not heen elearly
delineated in the literature. In a series of experiments, Estes (1972) rather
convincingly points up the necessity of an informational interpretation of
reinforcement in the case of the normal learner. “The new insights arising
from our novel manipulations of normal reward contingencies call for a
change in our usual way of looking at the law of effect. We are led to infer
that the occurrence of a rewarding or punishing event does not act backward
in some sense to strengthen the response which proceeded it, but rather
provides an opportunity for the organism to learn a relationship between the
stimulus which evoked its response and rewarding or punishing conse-
quence” (Estes, 1972, p. 726). According to this perspective, one needs to
take into account not only the relationship between the stimulus and the
reinforcing event but also the information available to the learner concerning
the probability that the same relationship will hold in the future. This would
suggest that at any decision point, a learner reviews available information
about alternatives and then makes a decision based on feedback from antici-
pated rewards.

1. Informative Feedback

This cognitive interpretation of reinforcement has led to an increased
interest in informational feedback theory as it applies to classroom learning.
As has been pointed out clsewhere (Phye, 1977, 1979), whether the im-
provement in performance is the result of informational or motivational
consequences depends in part on the type of task the learner is asked to
practice. When the task is of a verbal nature and meets the criterion of
classroom learning, informational consequences appear to predominate. “In-
formative feedback can serve two functions. In the case of a correct ANSWer,
feedback serves to confirm the correctness of the responsc. In the case of an



162 GARY D. PHYE

error, feedback would provide information which could be used to correct
the error” (Phve, 1979, p. 385). In the same vein, Kulhavy (1977) has sug-
gested that “applied to written instruction, we can say that feedback will
have one of two effects on each response that a student makes: (a) to let him
know when he is right and, () to correct him (or let him correct himsell)
when he is wrong” (Kulhavy, 1977, p. 219)

When students study a reading assignment in an educational psvchology
text, they frequently have access to a study guide. Tvpically, the study guide
contains a practice test over the assigmnent. The practice test is intended to
be used by the learner so that she or he can evaluate how cffective study has
been. In this regard, the practice test is viewed as a study aid and is assumed
to promote learning and retention. In most cases, practice tests in study
guides follow a multiple-choice format. Following completion of the practice
test, the learner turns to the back of the study gnide in order to obtain
feedback concerning the correctness or incorrectness of individual items.
This information is then used to determine if more study is required, or if
learning is satisfactory and review should be employed in order to retain

what was learned.

2. Error Analysis

Because a practice session is a period of acquisition and refinement of
knowledge or skill, learning is not perfect. In other words, errors oceur that
must be corrected in order for there to be further improvement in perfor-
mance. As would be suggested by the iterative model, a practice model
should contain a diagnostic component that would serve the purpose of error
identification and correction. In some respects, this could be considered a
metacognitive monitoring strategy or function. From a purely practical class-
room perspective, error diagnosis and correction should be a skill demon-
strated by teachers.

As a student, I was alwayvs strnck by the fact that after an assignment was
made, I did not need a teacher unless I made an error I could not correct. As
a teacher, I have come to believe that the most important role I play is one of
providing feedback that either confirms a correct solution or provides the
basis for correcting an erroncous solution. This perspective would suggest
that a classroom teacher mnust be a diagnostician. However, diagnostic skills
should not be limited to providing correct answers. One of the greatest
talents a teacher can possess is the ability to develop an accurate picture of a
student’s misgnided thinking or reasoning that produces an error. This in-
volves being aware of a student’s knowledge, imelnding the faulty reasoning.
This understanding on the part of a teacher is a necessary prerequisite for

snceesstul remediation.
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3. Error Types

There are several types of errors that can typically be made in a learning
situation. While some errors reflect faulty information or reasoning, other
errors are categorized as action slips. According to Norman (1981), “A slip is
the error that ocenrs when a person does an action that is not intended” (p.
1). This is a type of error that produces perforniance that was not intended.
These slips often appear to be the result of a conflict between or among
several possible actions or thoughts. This is the interesting case of an error
that occurs even though a person’s knowledge or r asoning is correct. Thie
problem resides in the perforniance or commission of the action. Norman
further suggests that “a complete error theory seems likely to require auton-
omous, subcouscious processing with intentions, past habits, thoughts, and
memories all playing some role in corrupting the intended behavior” (Nor-
man, 1981, p. 2). In the classroom, one can see instances of slips in all
academic tasks. When the learner is confronted with a slip, it is usually
attributed to carelessnes:
what a stupid mistake.”

- A frequent conmnent might be T knew that—

Error types that reflect faulty information or procedural knowledge (strat-
egy, algorithm, cte.) are much more frequent and of most coucern to teach-
ers. A subject matter area that has paid attention to procedural errors is
mathematics. The arithmetic skills of addition and subtraction are pro-
cedural in nature and provide a learning task where systematic procedural
errors can be obscrved. A learner’s errors are systematic if there exists a
procedure that produces the error. “In nearly all cases, we have found that
systematic crrors are minor perturbations from the correct procedure for
that skill” (Brown & Van Lehn, 1980, p. 380). In observing children’s errors
in subtraction and addition, several investigators (Ashlock, 1976; Brown &
Burton, 1978; Cox, 1975) have classified errors as slips, svstematic, or ran-
dom. Of these errors, the random error is the most difficult to remediate
because no pattern can be determined. The error may be due to a lack of
knowledge about basic facts or about procedures. A student who repeatedly
gives 14 as the answer to 8 + 5 = ?_ is making a systematic basic fact crror.
On the other hand, a child who responds in the following manner: (1) 37 — 4
=23,(2)43 — 1 = 32;and (3) 85 ~ 3 = 72; is making a svstematic procedural
error. This child has “borrowed” from the tens column when it was unneces-

sary. In both cases. remediation is possible hecause a teacher can diagnose
the reason for the error.

Errors in writing have also heen classified. Whereas we spoke of basic fact
and procedural errors in arithmetic, a similar distinction in writing is made
between sentence-level errors and errors of discourse or matters bevond the
level of a sentence. Sentence-level errors involve crrors i punctuation,
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mechanics, spelling, syntax, and grammmar. Errors hevond the level of a
sentence would be errors in organization, logic, or stvle. Again we sce an
apparent distinction between factual-information errors and procedural cr-
rors. It could also be assumed that a writing sample can be assessed for
action slips and for random or systematic errors whether at the sentence or
the discourse level.

In the preceding examples, the writing and arithmetic errors are domain
specific. This is not the case with slips or other types of error analysis. Phye
(1979) has identified three types of exccutive errors that are made when
students practice a word list and informative fecdback about individual items
is provided. Students were asked to practice a 40-item word list presented
using a multiple-choice format of the following type:

1 Something given a customer 2 Provincial speech:
for good measure:
flume leman
lagniappe uncial
coeval patois

Following a complete trial of the forty items, answer sheets were collected
and feedback in the form of definition and correct answer was provided for
all items. When feedback was completed, a sccond trial was begun. This
practice schedule was one of Trial 1 ~ feedback—Trial 2—et cetera. Using this
particular practice schedule, three types of errors are observed: same errors,
different errors, and new errors. A same error is a perseverative error
where an item is missed on at least two consecutive occasions, and the same
alternative is selected each time. This gives the appearance of a systematic
error resulting from a failure to use feedback for corrective purposes. A
different error is observed when the same item is missed on two or more
occasions, but different alternatives are selected each time. This would give
the appearance of a random error. Whercas, the same error could result
from misinformation, the different error appears to result from a lack of
information. The new error is observed when an item is first answered
correctly and then incorrectly on the second trial. While this type of error
may be the result of a slip, it might also simply reflect a lucky guess on the
first trial.

Why be concerned with errors? What can a child’s error tell a teacher? At
the very least, it makes clear that instruction in the form of feedback is
necessary. A student who answers a problem correctly may know the solu-
tion or may have made a lucky guess. This child may or may not need further
instruction. The child who errs clearly needs help. 1t is not enough to simply
provide the information that a learner’s response is in error. In this situation,
the learner can only continue in a trial-and-error manner if no additional
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feedback is given. This not only is counterproductive with most academic
tasks, but also will probably lead to a lack of perseverance. An awareness of
error type can help a teacher better understand the learner’s problem. A
systematic error can provide the teacher insight into how a procedure is
being misapplied. A random error can well denote a lack of relevant back-
ground for problem solution or task completion. A slip or new error may
denote a lack of concentration (cognitive monitoring?) and might not be
considered critically when evaluating overall performance.

At a theoretical level, Norman (1981) has called for the development of an
error theory that involves more than a theory of action slips. Such a theory
could provide the framework for a cognitive theory of feedback and practice
in the acquisition of complex academic tasks. Inherent in the notion of an
error theory is the need for feedback mechanisms. These mechanisms could
be a part of the learner’s cognitive structure that functions when a person
corrects himself or herself. In this instance, feedback mechanisms seem a
neeessary part of a sclf-corrective system. “In cognitive psychology, feed-
back mechanisms have played almost no role, probably because the empha-
sis has Deen on the reception of information rather than the performance of
acts” (Norman, 1981, p. 11).

At an early stage of academic skill development, it would seem logical to
assume that a teacher would provide the feedback necessary to help a learn-
er correct errors. At a later point in one’s educational career, it is assumed
that the learner has acquired the skills necessary to obtain feedback (diction-
ary use, new information, metacognitive monitoring) when practicing (e.g.,
doing homework or seatwork).

IV. SUMMARY

From the research literature reviewed, it is apparent that practice in-
volves the effective use of appropriate cognitive skills. The question re-
mains, however, as to how such skills are acquired. In a general sense, one
an say that any skill requires practice in order for it to become automatically
applied at the appropriate time. Also, because cognitive skills like inductive
or deductive thinking are a complex procedure, errors will occur and need to
be corrected before mastery can be reached. In the course of practice when
errors occur, feedback must be provided (or obtained) in order for an error to
be efficiently corrected (as contrasted with trial-and-error learning). This
practice of academic skills is assumed to occur either in the classroom or at
home when homework is being completed.

According to one review (Rohwer, 1984), parents presume that academic
learning results not only from instruction supplied by the teacher but also
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from study (practice) that is supplied by the learner. “Broadly conceived,
studving is the principal means of sclf education through life. It consists of all
those activities, both covert and overt, that individuals independently en-
gage in in order to acquire knowledge or skill” (Rohwer, 1984, p. 1).

How does the current consideration of practice and skill acquisition relate
to an educational psvchology of studving? Rohwer (1984) has provided a
preliminary framework for rescarch on studving that organizes the ways
course and student factors relate to study activities. The present chapter did
not pursue the issue of student factors or their interaction with study vari-
ables. Rather, the present efforts have been focused on aspects of study
activities referred to by Rohwer as covert cognitive procedures (e.g., selec-
tion, rehearsal, elaboration, organization, and mental review) and response
management and use (c.g., time and effort allocation, consulting ancillary
texts, consulting teachers, study conditions). Specifically, the present dis-
cussion of practice and skill acquisition fit nicely into the category of study
activities called covert cognitive procedures and arrauging study conditions.
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PROBLEM SOLVING
AND EDUCATION
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Ames, lowa 50011

[. CONTEXT AND INTRODUCTION

It is 3:00 p.m. on a Wednesday afternoon, and with a flourish our hero
tvpes in the last correction on the chapter manuscript. The chapter is due
Thursday at the publishers, and our hero has procrastinated so long that
normal mail won't get there in time. What to do? Our hero thinks of several
alternatives, “Call Superman, drive to New York, take a plane, U.S. Express
Mail, use a modem, Come Quick Express Service.” Cogitating further, our
hero reasons, “Superman would be nice, but isn’t very practical. Driving
will take too long. Taking a plane will cost too much. U.S. Express Mail
means that the chapter must be delivered to the post office by 5:00 p.m.—
not enough time for that. Come Quick seems like the best bet; they claim to
come to the house.” Having made that trial decision, our hevo thinks, “Nev-
er used Come Quick before, I wonder how you get them. Check the phone
book.” Finding the number, our hero calls and finds that she can get the
package picked up and delivered in time for a reasonable fee. “Problem
solved!” she thinks.

Mundane as it is, this problem situation illustrates several important fea-
tures of human problem solving. The situation shows that problem solving
starts with a desired goal (e.g., getting the manuscript to New York). It also
shows that we look for and consider alternative possible solutions (e.g.,
Superman or Come Quick?), and that we call heavily on our memory and
knowledge store in problem solving (c.g., remembering that phone books let
us contact places).

Much of education is intended to make people better problem solvers.
The justification for teaching children to read, write, or reckon is usually
couched in some variant of: These skills will be useful in solving problems
later. The arguments for a liberal college education usually have a future
problem-solving component implicit within them. While problem solving is
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central to education, the study of problem solving has historically received
only sporadic attention from edncators and educational psychologists. An
explicit theory of problem solving has not been available and edncators
interested in promoting problem solving have primarily been engaged in
guesswork when designing programs. Since the late 1960s or carly 1970s,
the study of thinking and problem solving has become respectable for psy-
chologists, and the issues of promoting probleni-solving skills has become an
important one for educators. While a complete theory of problem solving
does not vet exist, we have learned much about the kinds of thinking that
goes on when individuals solve problems and about the kinds of factors that
facilitate problem solving.

This chapter has two basic purposes: (1) to provide an overview of psycho-
logical research and theory in the arca of problem solving, and (2) to discuss
wavs in which students can better be taught to become eftective problem
solvers. The general approach taken is to first provide a description of histor-
ically interesting theories of problem solving to provide background and
then to focus the present chapter on a cognitive information-processing,
schema-theoretic view of problem solving. A model for teaching of problem-
solving skills is proposed in which problem solving is assumed to be similar
to the development of other intellectual skills. This model is used to analvze
the instructionally important elements of intellectnal skill acquisition and to
provide a description of things teachers can do to promote the development
of problem solving.

lI. THE NATURE OF PROBLEM SOLVING
AND APPROACHES TO STUDYING PROBLEM SOLVING

A. WHAT Is A PROBLEM?

While all of us know what a problem is at an intnitive level, a definition of

what a problem is provides a useful place to start a discussion of problem
solving. Most discussions of problem solving are usually consistent with this
definition: A problem is a sitnation in which the individual wants to do
something hut does not know the course of action needed to get what he or
she wants (Newell and Simon, 1972)

Problems have four components (Hayves, 1981; Maver, 1983; Newell and
Simon, 1972).

1. The Goal or Goals

This is what you want to do in a sitnation. A situation can have many goals
or a single goal. The goal(s) can be very well defined or ill defined. Most
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arithmetic story problems have very well-defined goals, as in: Mother has 10
dollars, John asks her for 60 cents to buy a treat from the ice cream vendor.
How wmuch money does Mother have left? Many life problems have more
fuzzily defined goals: What would be fun to do on a date?

2. The Givens

Givens are what is available to you to start in a problem situation. Givens
an be many or few and also can be well or ill defined. In the preceding
arithmetic problem, Mom having 10 dollars and the treat costing 60 cents
are well-defined givens. Givens can also be implicit: the arithmetic problem
has an implicit given in that arithmetic is supposed to he used to provide the
answer. Answering “Mom has $10 left because she saijs no to John because
ice cream is had for teeth” would probably not be regarded as an acceptable
answer by most teachers. The givens in the fun-date problem are undefined.

3. The Obstacles

These are clements or factors that get in the way of a solution. The fact
that Mom has dollars and the price is in cents is an obstacle in the arithmetic
problem. Again, obstacles can he well or ill defined and explicit or implicit.

4. The Methods or Operations

These refer to the procedures that may be used to solve the problem.
Often in solving problems, the kinds of procedures vou may use are con-
strained in some way. If our author hero, in the first paragraph of this
chapter, had had enough moncy, then many other solutions might have
been possible. The range of methods may also be explicitly described as part
of the problem or may be implicit in the context.

B. WHAT I1s PROBLEM SOLVING?

Problem solving consists of the mental and hehavioral activities that are
involved in dealing with problems. Problem solving may involve thinking
(cognitive) components, emotional or motivational components, and hehav-
ioral components. Mentally transforming cents to dollars would be an exam-
ple of a thinking component, a feeling of confidence in one’s ability to solve
the problem would represent an eniotional component, and looking up
something in a dictionary or library would be a behavioral component. This
chapter focuses on the cognitive components of problem solving, but it is
important to realize that motivational and behavioral components are in-
volved in real-life problem solving. For example, a professional advertising
photographer may take a series of trial Polaroid photographs to test the
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lighting and get an actual visual impression of a setup before the actual
usable images are made. If someone gives vou a puzzle, and vou do not feel
that solving it is worth vour effort, you are unlikely to engage in problem
solving. Psychological research has mostly been involved with cognitive
approaches to problem solving, and a theory that integrates motivational and
behavioral components into a comprehensive view of problem solving is still
in the future.

C. HISTORICAL APPROACHES TO PROBLEM SOLVING

1. The Behavioral Approach

The behavioral approach to psychology was the dominant force in Ameri-
can psychology during the first 60 vears of the twentieth century, and prob-
lem solving was involved in some of the earliest studies of behavioral
psychology. Thorndike (1898) studied the behavior of cats placed in a box
whose door could be opened if a lever was pressed. When first placed in the
box, the cats would engage in a variety of behaviors such as trving to squeeze
through an opening, biting at the wire, etc. Eventually, the cat wonld press
the lever, open the door, and escape. When placed back in the box, the cat
would engage in less random behavior before escaping. Finally, the cat
would come to be able to escape immediately upon entering the box. Thorn-
dike explained the cat’s problem solving by invoking the concepts that have
come to be called reinforcement and extinction. Solution-irrelevant behavior
was gradually extinguished or eliminated because it did not lead to reinforce-
ment, while the response of lever pressing was gradually strengthened by
being reinforced by escape. In solving the problem, the cat did not show
thought or planning of activities, so Thorndike called the process trial-and-
error learning and used that basic model as a description of problem solving
in general. With some quibbling among behaviorists as to the exact nature of
such trial-and-error learning, Thorndike’s view has provided the basic be-
havioral model of problem solving (Campbell, 1960; Davis, 1973; Mayer,
1983; Skinner, 1966; Staats, 1966).

According to behavioral views, trial-and-error learning occurs when a
stimulus situation demands a response, but the correct response is not domi-
nant in the response hierarchy for that situation. By response hierarchy is
meant the set of responses a learner might make in that situation. A domi-
nant response is the response that is most likely in a situation. The learner
tries out responses in their order of dominance. Incorrect responses are
extinguished, and the correct response reinforced until it becomes dominant
in that situation. This behavioral view allows little room for thought and
planning in problem solving. But it is clear that in many situations, humans
do think about problems before engaging in behavior. Human activity does
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not seem to be totally random. Behaviorists argue that such thinking consists
of internal trial-and-error learning (Davis, 1973). Such trial-and-error learn-
ing can be mediated by discriminative stimuli produced by verbal responses
(language) (Skinner, 1966; Staats, 1966).

2. The Gestalt Approach to Problem Solving

Partly in reaction to American behaviorism and partly in reaction to other
German schools of psychology, a group of German psychologists, called
Gestalt psychologists, developed an approach to psychology that emphasized
the role of mental structure and organization in perception and thinking.
With respect to problem solving, they emphasized the role of a sudden
reorganization of mental elements into a structure that provides a solution to
a problem. This sudden reorganization was called an insight experience.

The first Gestalt study of problem solving was provided by Kohler (1925),
who studied problem solving in chimpanzees and other animals. Kohler
presented chimpanzees with problems such as the two-stick problem. In this
problem, the chimp needed to fit one stick into a second to make a stick long
enough to reach a banana placed outside its cage. Kohler noted that the
behavior of the chimp did not seem to involve random trial and error, but
rather it studied the problem, with a sudden solution emerging. Kohler
alled the sudden restructuring of the problem an insight. He argued that
human problem solving also was based on thinking about a situation and
rearranging the mental elements into a structure that provides a solution to
the problem. Other Gestalt psychologists investigated the effects of mental
habits in preventing problem restructuring and insight (Duncker, 1945; Ka-
tona, 1940; Luchins, 1942; Maier, 1930, 1970). These studies demonstrated
that prior habits could interfere with the discovery of problem solutions and
raised the issue of discovery versus expository learning.

3. The Stages of Problem Solving

Several authors have analyzed problem solving into a series of stages.
Wallas (1926) described the stages of (1) preparation, (2) incubation, (3)
inspiration, and (4) verification. In the preparation stage, the problem solver
analyzes the problem, tries to define it clearly, and gathers relevant facts and
information. In the incubation stage, the problem is considered sub-
consciously while the problem solver is relaxing or considering something
else. During the inspiration stage, the solution to the problem comes to the
learner unexpectedly in the sort of “light bulb lights™ experience illustrated
in cartoons. The inspiration stage corresponds to the insight cxperience of
the Gestalt psychologists. The verification stage involves checking the solu-
tion and working out the details.

Wallas’s stages of problem solving are well illustrated by the descriptive
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reports of chemists involved in solving problems, which were collected by

Platt and Baker (1931, reported in Svmonds, 1936). Here is a sample case

history:

After intense concentration and many vain attempts to overcome this difficulty. 1
reluctantly decided to abandon the method. . . . T decided to go down town and
have a thick beetstcak at Charley Wirth's and completely forget my work for the time
being. Frecing my mind of all thought of the problem T walked briskly down Fre-
mont Street, when suddenly . . . an idea popped into my head as suddenly and
emphatically as if a voice had shouted it in these words: “In pharmacy and in
industry, we clarify emulsions by means of a high-speed centriluge: such a method
would be impractical in a thermostat. But if rapid whirling tor a brief time will do it,
why will not slow rotation for a longer time accomplish the same result? (Symonds,

1936, p. 140)

Not all stage descriptions place a strong emphasis on the subconscious
processes of incubation and inspiration. Many describe a rational series of
steps that the problem solver presumably goes through in solving a problem
(Adams, 1974; Hayes, 1981; Kingsley & Garry, 1957; Oshorn, 1963). An

intuitive average of these stages is shown in Fig. 1. Descriptions such as
shown in Fig. 1 are both very rational and gross. They are rational in the
sense that thev emphasize conscious thought and a logical analvtic approach
to problem solving. They are gross in the sense that they provide a molar
and imprecise description of the mental activities in problem solving. They
do not say what the mind or brain does when problems are noticed or
solutions are generated. An adequate theory of problem solving will have to
explain how problems are noticed or solutions generated, ete. However,
these stage descriptions may be a useful starting place for an adequate

theory.

Stage descriptions may also have a heuristic value in teaching learners to
be more effective problem solvers. The steps can be considered as directions
to learners to engage in activities that might facilitate problem solving.
When considered as directions, such steps form a basis for most problem-
solving training courses. Training with such directives has also been used to
help individuals to solve interpersonal and emotional problems in counseling

(Craighead, Kazdin, & Mahoney, 1981; Goldfried & Goldfried, 1980).

4. The Piagetian Approach to Problem Solving

Piaget and his followers have developed an approach to problem solving
that focuses on the mental logic that supports problem solving and how that
logic develops. Because of the extensive rescarch and theoretical develop-
ment in the area of cognitive development and problem solving, it is dis-
cussed separately in Chapter 10 by Lunzer. The interested reader is referred

to that discussion.
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L. Problem noticing: Some discrepancy between what vou have and want is noted.

2. Problem specification: A more precise deseription of the problem is worked out.

3. Problem analvsis: The parts ol the problem are figured out, and relevant information is
gathered.

Solution generation: Possible solutions are considered.

Testing of solutions: The various possible solutions are considered and evaluated for
likelihood of succe

6. Solution selection and implementation: The most likely solution is implemented in detail
and evaluated for sucee
Solution revision

NEeCessdry.,

FIG 1. Analytic stages of problem solving.

. A COGNITIVE INFORMATION-PROCESSING
MODEL OF PROBLEM SOLVING

Since the early 1960s, the dominant position in American psychology has
moved from a behavioral position to a cognitive information-processing posi-
tion. This position is based on a metaphor that the brain is like a pro-
grammed computer. From this position, problem solving is viewed as the
processing of information by an information-processing system (brain, com-
puter), such that the information in an initial state is transformed into the
information of a desired end state. An adequate theory of problem solving
would consist of (1) a complete deseription of the architecture and ca-
pabilities of the information-processing system and (2) a description of the

step-by-step processes by which a problem-solving activity is carried out.
The level of description in such a theory would be sufficiently precise to
simulate the entity being described in an actual or conceptual computer (see
Chapter 1 for a more complete description of these concepts). Often infor-
mation-processing descriptions are actually programmed into a computer
(e.g., Newell & Simon, 1972), and the adequacy of the description is tested
by comparing the computer simulation to the behavior of humans. Unlike
the behavioral position, the cognitive focus has mostly been on the deserip-
tion of how problem solving occurs rather than how individuals learn to
become problem solvers. Ouly recently has learning received attention
within the information-processing tradition.

A. A GENERAL PROBLEM-SOLVING MODEL

Most cognitive psychologists would agree to a deseription of problem
solving that is similar to that described in Fig. 2 (Anderson, 1980; Hayes,
1981; Mayer, 1983; Newell & Simon, 1972). The description in Fig. 2 is
similar in some ways to the steps of problem-solving notions described
above, but has the advantage of telling us issues that need to he investigated
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1. A problem consists of a situation where vou want something and do not know the precise
steps to get it A ) o

2. The problem solver analyzes the problem into goals and givens as defined in Fig. ] and
forms an initial representation of the goals and givens in memory. .

3. The problem solver operates on the representations of the givens and the goals in order to
reduce the discrepaney between the givens and the goals. A solution to the problem
consists of the path of operations that can transform the givens into the EW:T. .

4. In operating on the givens and goals, the problem solver may use the following, not
necessarily exclusive, approaches:

a. Information or schemata ACEL:F.::_;V in long-term memory

b. Heuristic approaches to solving problems

¢. Algorithms for problem solution if they are availuble

d. Metaphorical relationships with other repre .E:::::Hf o

5. The process of operating on an initial representation to find a problem solution is called
search. As part of the solution-scarch process, the representation may be transformed
into other representations.

6. Search continues until either a solution is found or the problem solver gives up.

FIG. 2. An information processing deseription of problem solving

in order to understand problem solving. If this description of problem solv-
ing is accurate, then areas to be res sarched include
1. The processes by which a problem description is converted to an internal
representation
2. The role of representation in problem solving
3. The role of prior knowledge in problem solving—this issuc subsumes
questions about
a. The nature of knowledge in our memory
b. Factors that cause stored knowledge to be activated
¢. Differences between verbal knowledge and skill knowledge
d. The arrangement of knowledge in memory.

B. COMPONENT PROCESSES IN PROBLEM SOLVING

Let us examine more fully what is meant by each of these components in

problem solving.

1. Representation

Representation consists of a transformation of the presented 5@..:520:
into a model in memory. It consists of identifying the goal, identifying the
important givens, and forming a representation of these m_c._:m_:m. w@._:.ﬁm
the issues of representation can e illustrated more clearly with H.rm following
story that I use in my undergraduate classes. T ask you a question after the

story.
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A bus leaves the bus barn in the morning. It stops at the first stop and picks up 5
people. Tt proceeds to the next stop and 6 people get on. B goes to the next stop and 4
people get on. At the next stop. 3 people get on and 2 get off. At the next stop, 5
people get on and 4 get off. At the next stop, 6 people get on and 1 gets off, Next
time, 3 people get on and 2 get off. At the next stop, 2 get off and no one gets on. At
the next stop, no one is waiting so the bus doesn’t stop. At the next stop. 10 people
get on and 3 people get off. At the next stop, 3 people get on and 6 people get off.

Finally, the bus reaches the end of the route.
NOW FOR THE QUESTION.

How many stops are there on the bus route®

If you are like most of my undergraduate students, vou are probably able
to tell me how many people are left on the bus, or how many people got on
the bus, ete. To do this, you sclected the numerical information as important
and represented it internally in the form of arithmetic operations. Almost
never is someone able to tell me the number of stops. In terms of the
information-processing model, why does this happen? I have given you an
ill-defined goal and some pretty definite numerical givens. The emphasis on
the numbers of people getting on and off makes a probable goal something
having to do with those numbers. So vou represent the goal as a total of some
kind. The decision lets vou select as relevant information the numbers of
people getting on or off the bus and to ignore the stops.

2. Research on Representation

The importance of representation on problem solution is shown in a vari-
ety of studies. Studies on logical reasoning problems (such as svllogisms of
the form, All/Some As are Bs, All/Some Bs are Cs, X is a A, must it be a C?)
have found that children and adults often have difficulty with such problems.
If the problem is presented in abstract form or contradicts the person’s
beliefs, the difficulty is greater. The hypothesis that people reason illogically
when beliefs are threatened has heen advanced by many researchers and is
seemingly supported by much research (Feather, 1965; Gordon, 1953; Janis
& Frick, 1943; Janis & Terwilliger, 1962; Kaufiman & Goldstein, 1967
Lefford, 1946; Morgan & Morton, 1944; Parrott, 1967, 1969: Revlin &
Leirer, 1978; Wilkins, 1928; Wilson, 1965).

Revlin and Leirer (1978) proposed an alternative hypothesis that they
called the conversion hypothesis. Revlin and Leirer believed that rather
than reasoning illogically, subjects formed an incorrect representation of the
statements that made up the syllogism and then reasoned logically from that
incorrect representation. They were able to show that incorrect representa-
tions could account for many of the errors subjects make in such problems.

Supporting research was provided by Simpson and Johnson (1966). To
make clear what is meant by an incorrect representation, consider the state-
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Panel A The Himoots are armers.
The farmers are valley people.
The valley people are warlike.
GUGU is warlike. Is he a farmer?

Panel B The himoots are people included within the group of farme
The farmers are ineluded in the group of valley people.
The valley people are included in the set of warlike people.

Panel C The Himoots is the name given to the farmers, so every one who is a farmer is a

Himoot and viece versa.
All of the farmers live in the valley and all of the valley people are farmers.
All of the people living in the valley are warlike and all the warlike people live in

the valley.

FIG. 3. Class inclusion statements

ments in Pancl A of Fig. 3. If vou interpret these statements as a logician
would, vou would translate them to the statements in Panel B of Fig. 3
which represent the set relationships illustrated in Fig. 4a. If this is your
representation then you would answer the problem, “Is GUGU a *..,:.:.:,_.,4L
by saying that the answer is indeterminate becanse people other than farm-
ers arc included in the set of warlike people. This is the answer a logician
would give.

On the other hand, vou might interpret the statements in Panel A as
shown in Panel C of Fig. 3 and illustrated in Fig. 4b. If you form this latter
interpretation, it is logically true that if someone is warlike, then he or she is
a farmer.

Braine (1978) has argued that crrors such as the preceding may not be
errors at all but may represent ways in which the logic of natural English is
different from logicians’ nse of English. Some work in lingnistics offers sup-
port for this notion (Gordon & Lakoft, 1971; Horn, 1972). Revlis (1975)
presents evidenee that when features are added to make the correct in-
terpretation more likelv, logical errors are reduced. However, Fisher (1981)
has demonstrated that. while such errors of representation oceur in svl-
logistic reasoning problems, they cannot account for all the ervors subjects
make on such problems. Fisher found evidence for errors occurring also
because of limited working-memory capacity and fanlty deductive reasoning.

Additional evidence for the role of representation in solving logical prob-
lems is provided by Egan and Grimes-Farrow (1982). They showed that
students adopted either an abstract dimensional representation or a conerete
representation of features for 3-term lincar ordering problems. Three-term
linear ordering problems are exemplified by the following:
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L. Bob is taller than Bill. Jim is shorter than Bill. Who is tallest:
2. Sandpaper is rougher than cotton. Silk is smoother than cotton.
Which is least rough?

Students who represented the position of the objects as abstract positions
on a dimension were able to solve the problems more ctficiently than the
students who visnalized the actual objects.

That the representation a person uses in problem solving can greatly
facilitate ov inhibit solution is so well known that most training programs on
problem solving devote considerable attention to alternative representations
(e.g., Adams, 1974; Haves, 1981, Wickelgren, 1974). In a disenssion of
computer coaching systems to teach problem solving, Goldstein (1980) em-
phasizes the necessity for the computer coach to understand students’ repre-
sentations and to provide hints for alternative representations. Tt is easy to
provide simple examples of the importance of representation. Consider the
tollowing problem: 1951 divided by 61. While most of us would prefer paper
and pencil to solve this problem, we know the algorithm (long division) for
solving it. Now consider the following MCMLI/LXI. This is the same prob-
lem, but try solving it without reverting to arabic numerals,

3. Representation and Expert—Novice Differences

One of the lines of research on problem solving involves differences be-
tween experts and novices in problem solving. Experts and novices recog-
nize and represent problems in different ways. Experts seem to have higher-
order mental strnctures which can be used to classify problems into types.
By identifying problems as falling within a particular type, experts can bring
to bear more effective representations.

JoheY Peos

Farmers

Himoots=
Farmers=

Valley People=
Warlike People=

(a) (b)

FIG.-4.  Alternative representations of class inclnsion statements in Fig, 3, Panel A.
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Egan and Schwartz (1979) compared experienced electrical engineers,
recently graduated engineers, and student engineers on the ability to re-
member electrical circuit diagrams. Experienced engineers could remember
more because they classified particular diagrams into higher-order schemata
(e.g., this is a class A amplifier circuit). The engineers could then use the
general structure of that type of circuit to recall the details of the diagram.
Novice engineers remembered by looking at individual details, but did not
form a representation that captured the type of circuit. While not a direct
test of problem solving, this study illustrated differences in the nature of
expert and novice knowledge. Similar effects were reported by Chase and
Simon (1973) in a study that compared expert and novice chess players.
Expert chess players organized board positions into general schemata and
were able to reproduce the diagrams better than novice players. When given
random board positions that could not be organized into schemata to re-
member, experts were no better than novices.

Larkin and her co-workers have investigated differences bhetween expert
and novice physics problem solvers (Larkin, 1980; Larkin, McDermott, Si-
mon, & Simon, 1980). Wher: given word problems to solve, expert physicists
organized the information into larger-scale functional units. Novices treated
items of information more individually. The solution time curves for novices
seemed to indicate a random search process, whereas the experts’ solution
times diverged greatly from a random search model (Larkin, 1980, p 119).
This indicated that experts organized the information into larger representa-
tions. Similarly, Hinsley, Hayes, and Simon (1977) found that subjects were
able to classify algebra word problems into particular types. Classification
into type secemed to activate a representation that indicated which informa-
tion would be relevant and which type of solution to try. Similar results are

provided by Greeno (1980) and Mayer (1980).

4. Representation and Problems in Problem Solving

Considerable effort has been devoted to the issue of identifying factors
that interfere with problem solving. Initial work was done by the Gestalt
psychologists, who focused on the role of previonsly learned habits as inter-
fering factors in problems solving. This interference has been called prob-
lem-solving set (Luchins, 1942). Luchins gave problem solvers a series of
problems in which they had to get a specified amount of water into a jar,
given a supply of water and three jars of different capacities. If the jars are
labeled A, B, and C; the problems could be solved by the formula B — C —
2A. That is, fill the second jar, fill the third from it, then fill the first twice
from the second. The specified amount of water would then be left in the
second jar. Across a series of problems, the first n could be solved only by
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the formula. The remaining problems could be solved either by that formula
or by a simpler formula (A — €). Luchins found that with practice on the first
n problems, many subjects blindly followed the first formula when the sec-
ond set of problems was encountered. Subjects without experience on the
first set of problems used the more efficient method.

Similar results were presented by Duncker (1945). He demonstrated that
the common use of an object could interfere with its use to solve a problem
in a different way. For example, when presented with a task of attaching a
candle upright on a wall given boxes containing matches, candles, and tacks,
subjects given the objects in the boxes were unlikely to discover the solution
of tacking an inverted box to the wall to serve as a candleholder. The contain-
ment function of the box interfered with finding the solution.

The interfering effects in these cases stems from the influence of pre-
viously learned schemata—productions, upon performance in a task that re-
quires a new production. Adams (1974) has called these interfering schemata
conceptual blocks and has devoted a speculative hook to describing ways of
overcoming such blocks. Techniques discussed by Adams basically are .nm:-
eral heuristics and are similar to techniques taught in many ?.cv_m\_s-mo_i:m
courses.

5. Search Processes in Problem Solving

Scarch processes refer to the mental operations that problem solvers em-
ploy to think about the representation of goals and givens to try to transform
the givens into the goals and find a solution. In the way the term is being
used in this chapter, search includes both the kind of thinking the problem
solver may do to decide on an approach to the problem and also the working
out of a solution once a particular algorithm is decided on. ‘

Search processes include heuristics, algorithms, and divergent-thinking
processes. Heuristics are rules of thumml that problem solvers have found
useful. Heuristics indicate likely directions to pursue or approaches to fol-
low. They may lead to a problem solution, but are not guaranteed to do so.
Algorithms are specific procedures that are guaranteed to produce a solution
to a problem so long as the algorithm is relevant to the problem. For exam-
ple, the long-division algorithm is guaranteed to solve long-division prob-
lems, but would be incorrect for multiplication problems. Algorithms usu-
ally represent the last phase of problem solving; when we begin to use an
algorithm we are usually pretty sure that the approach will work. Under
divergent-thinking processes, I am classifving procedures that have not been
studied much by cognitive psychologists, but that are probably involved in
generating alternative approaches and in the “insight/inspiration” phase of
creativity.
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As with representation processes, search processes are dependent on a
store of information and knowledge. As is noted here subsequently, expert
problem solvers in particular domaius possess a great deal of knowledge
relevant to a particular domain that allows them to deal with problems more
efficiently and cffectively than do novices.

6. Heuristic Processes

Heuristic processes can vary in their generalitv. Some heuristics are very
gencral and can be applied to a variety of domains; others are very specific
and limited to a particular domain of knowledge. Most training programs in
problem solving devote considerable emphasis to general heuristics (Adams,
1974; Hayes, 1981; Polya, 1945; Rubinstein, 1975; Wickelgren, 1974). Early
research in artificial intelligence and problem solving focused on the use of
very general heuristics (¢.g., Newell & Simon, 1972). Such general heuris-
tics can be very powerful.

The General Problem Solver program (Ernst & Newell, 1969; Newell &
Simon, 1972), for example, was successful in solving a wide varicety of logic
problems by using a general heuristic called means—ends analysis. The
drawback of very gencral heuristics is that they can be quite inefficient. If
more is known about the subject matter, more efficient procedures are
usually available (Simon, 1980). More recent work in cognitive psychology
and artificial intelligence has emphasized the need for considerable domain-
specific knowledge in problem solving. General heuristics are useful when
the subject matter of the problem is unfamiliar.

7. Example General Heuristics

Examples of some general heuristic procedures follow. This list is not
meant to be exhaustive, for more detail and for other heuristics, consult
Hayes, (1976, 1981), Mayer (1983), Polya (1945), Rubinstein (1975), and
Wickelgren (1974).

a. Heuristic: Looking for Alternative Representations. Because the way
one represents a problem can be critical to solving the problem, a useful
heuristic is to try to develop alternative representations that might provide «
more eflective idea about how to solve the problem. Goldstein (1980) pro-
vides a good example. In playing the computer game Wumpus, some chil-
dren kept lists of the features of various rooms in the dungeon. This repre-
sentation was useful in identifving particular properties of the rooms, but did
not provide an overall map of the dungeon and was difficult to scan. Some
students used an alternative visual representation that was more useful for
some aspects of the game. Actnally both the list and the visual representa-
tions were useful in given situations; the point is that changing representa-
tions was uscful in solving particular problems of play.
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b. Heuristic: Working Backward. This heuristic involves starting with
the goal and trying to change it into the givens. Most people who have taken
high school geometry remember using this procedure in proving at least
some theorems. One assumed the theorem and tried to work back to the
postulates. Hayves (1981) provides another example taken from Katona
(1940), and it is shown in Fig. 5. f vou try to solve this problem directly by
arranging the deck, vou will have difficulty. Tlowever, if vou try working
backwards by laying out the cards in an alternating sequence and picking
them up backwards, vou will find the task casier.

¢.  Heuristic: Hill Climbing. Hill climbing (Mayer, 1983) involves tak-
ing the next move that seemns to bring vou closest to vour goal. In the jargon
of artificial intelligence, hill climbing is taking the move that makes the
current given state most like the desired goal state. As a simple example, in
chess game, the final goal state would involve putting the opponent’s king in
check. A hill climbing routine would choose a check-making move over
other moves. The problent with hill climbing is that problems sometimes
require that the given state be changed so that there is greater rather than
lesser discrepancy between givens and goal. In chess, there are many times
when taking a check is a disastrous move. Atwood and Polson (1976) demon-
strated that subjects seem to use this kind of hill climbing procedure in
solving water-jug problems.

d. Heuristic: Means—Ends Analysis. This heuristic consists of breaking
down problems into subgoals, picking a subgoal to work on, deciding how a
subgoal is different from the current given state, and removing obstacles
between the subgoal and the given state. According to Mayer (1983), the
problem solver continually asks three questions: “What is my goal? What
obstacles are in my way . . . what operators are available for overcoming
these obstacles?” (p 175). Mayer (1983) reports data from Greeno (1974),
Thomas (1974), and Larkin, McDermott, Simon, and Simon (1980) that a
means—ends approach can simulate at least some aspects of problem solving,
but that other procedures such as Lill climbing are often combined with

Your task is to arrange a deck of four red and four black cards so that vou may deal them out

d

>

follows:
1. You place the top card on the table, face up. 1t is black.

Lo

You place the next card (now on the top of the deck) on the bottom of the deck.
You place the next card on the table, face up. 1t is red.
You place the next card on the bottom of the deck.

SIS

You continue in this way until all card are dealt out in an alternating black/red pattern.
(Haves, 1981, p 19)

FIG. 5. A card trick problem from Katona (1940)
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means—ends analvses. In addition, individuals who know a lot about a partic-
ular subject matter will often nse more efficient procedures (Larkin et al.,

1980; Larkin, 1980).

e. Additional General Heuristics. Additional heuristics include hvpo-
thetical reasoning (Ifaves, 1981), solving parts of a problem one can solve,
solving a similar problem (Polya, 1945), looking for an analogous problem,
and random trial-and-error search. Readers interested in more details on
particular general heuristics should consult Groner, Groner, and Bischof

(1983), Hayes (1981), Polva (1945), and Wickelgren (1974).

f. Specific Heuristics and Domain-Specific Knowledge. While carly
studies of problem solving emphasized gencral heuristics, more recent work
has recognized that expert problem solvers amass a large amount of domain-
specific knowledge. Such knowledge can include larger structures for recog-
nizing problems, more complicated algorithms, and a large number of spe-
cific heuristics. Lenat (1983) developed a computer simulation that was able
to learn and discover fundamental laws of basic arithmetic from an initial
base of fundamental mathematical facts. The program consisted of only a few
basic facts but a large number of quite specific heuristics that controlled the
exploration process. In addition, the program had to develop new specitic
heuristics as it lcarned about the subject matter. Champagne, Klopfer, and
Chaiklin, (1984) studied what physics students needed to know to solve
transfer problems. They found that the learners needed much more domain-
specific knowledge than is commonly given in physics instruction. Without
such knowledge, students were not able to do much more than rotely memo-
rize solutions to problems and were unable to transfer what they had been
taught to new situations. For example, Simon (1980) estimates that a chess
master has approximately 50,000 general patterns of chess pieces stored in
memory. Each pattern includes a pattern of pieces and a procedure to follow
when that pattern is encountered. Simon estimates a minimum of 8 seconds
of learning are required to master each chunk. More complicated chunks
would take longer; Simon belicves that expertise in a subject matter area
probably requires 10 vears of study of that area. Other authors (Goldstein &
Papert, 1977; Norman, 1980] also support the notion that efficient problem
solving requires considerable domain—specific knowledge.

To illustrate the kinds of knowledge necessary for a particular domain,
consider the kinds of knowledge Mayer (1983) identifics as necessary knowl-
edge for solving mathematical story problems. Mayer’s list includes

1. Linguistic knowledge—recognizing words, parsing sentences, etc.
2. Semantic knowledge—knowledge of the world relevant to the problem
3. Schematic knowledge—kuowledge of problem types
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4. Procedural knowledge
problem solution

5. Strategic knowledge
heuristics.

knowledge of the algorithms necessary for

techniques for using types of knowledge and

As an example of how these kinds of knowledge are necessary, consider
this use of semantic knowledge that Mayer borrows from Paige and Simon
(1966). Subjects are presented with the following problem. The number of
quarters that a man has is seven times the number of dimes he has. The value
of the dimes exceeds the value of the quarters by two dollars. How many has
he of each coin? While some subjects attempted to solve this problem by
constructing equations based on the problem (e.g., 7 X Q = D; D — Q =
250), others used some general semantic knowledge and realized that the
value of the dimes cannot exceed the value of the quarters. The point of this
discussion of domain-specific knowledge is that scarch processes (and in-
deed, representational processes) are as dependent on domain-specific
knowledge as they are on general problem-solving techniques. Superficial
analyses of problem solving have often given the impression that much
creativity and problem solving depends on the unlocking of hidden potential
and general tricks of thinking (Andre, 1979). Rather effective problem solv-
ing in a domain relies both on considerable domain-specific knowledge and
on general heuristics. This fact emphasizes the importance of the prepara-
tion stage of problem solving discussed by Wallas (1926). It also argues that
education must provide learners with an extensive knowledge base if they
are to develop problem-solving skills.

IV. THE NATURE OF DOMAIN-SPECIFIC KNOWLEDGE—
INTELLECTUAL SKILLS

If domain-specific knowledge is critical to understanding problem solving,
an important question is how knowledge is stored and organized in memory to
facilitate problem solving. The basic approach that cognitive psychologists
and artificial intelligence researchers have adopted is the production system.
A production system consists of a network of condition—action sequences. The
condition refers to the set of circumstances that will activate the production;
the action refers to the sct of activities that will occur if the production is
activated. Both the conditional and the action part of a production can vary
from simple to complex. Consider the example of a production given in Fig. 6.

This if—then conditional might represent a production for the application
of a behavioral treatment for eliminating an undesired behavior. Current
theory in problem solving would argue that the mind of a hehavioral psyehol-



186 THOMAS ANDRE

Conditional part
1f: 1. The issne has to do with a change in behavior, and
2. The behavior is to be decreased, and
3. Adversive consequences cannot be applied,

Action part . . .
Then: 1. Determine the frequency and occurrence of reinforcements of the hehaviors

2. Determine the frequency of occurrence of antecedent eliciting conditions

3. Eliminate or reduce the frequency of reinforcement

4. Eliminate or reduce the frequency of antecendent conditions

5. Determine the [requeney of occurrence of an antagonistic desirable behavior

6. Determine the frequency of reinforcements to the antagonistic desirable _.vn._:_:.:-.

7. Determine the frequency and occurrence of the eliciting antecedents of the de-

sired behavior . .

4. lncreasc the frequency of reinforecement and eliciting antecedents for the desired

behavior

FIG. 6.  Example ol production—decreasing behavior.

ogist, despite his or her protestation not to have a mind, would consist of a
network of such productions. .

Hull-Spence behavioral psychologists will recognize C_.E._:e:c: mvic._:m
as mediated stimulus—response hicrarchies. The condition for a production
can be conceptualized as a set of discriminative stimuli that give rise to a
response chain. Note that in a mediated stimulus—response system, there is
no requircment that discriminative stimuli be entirely external or that re-
sponses all be observable. Models based on such systems have been used to
explain complex human behavior (Osgood, 1957; Staats, 1966). -

Perhaps in the zeitgeist change to cognitive psychology, many distinctions
between cognitive and behavioral psychology were overdrawn. However
that may be, the idea of a production is a powerful computational wcc_.m:
representing preciscly ideas that were discussed more fuzzily 5.:5 English-
based langnage of S—R psychology. The notion of the production has _V.owz
found to be essential to developing artificial systems that can successtully
solve real-life problems such as medical or dental diagnosis (Simon, 1980).
Such systems were not buildable using S—R ‘concepts.

A. PRODUCTIONS, SCHEMATA, AND INTELLECTUAL SKILLS

I believe that the idea of a production system provides a unifying theme
for representing what one knows when one knows concepts, principles,
mental skills, and problem-solving abilities. Gagne (1977) has called knowl-
edge of such entities intellectual skills. The word schemata is also commonly

7. PROBLEM SOLVING AND EDUCATION 187

used. The formalism of a production can be used to represent each of these
notions. This section describes what individuals know when they know con-
cepts, principles, and mental and problem-solving skills, and it shows how
the general idea of a production can be used to represent that information in
menory.

Concepts

In the traditional psychological view, concepts are generally viewed as
rules for classifying (Anderson & Faust, 1973; Gagne, 1977). In knowing a
concept, a person is assumed to have knowledge of the rule that defines the
critical features of the concept and to be able to use these critical features to
recognize unfamiliar instances of the concept. Both philosophical analysis
(Wittgenstein, 1953) and recent research in cognitive psychology suggests
that this traditional view is insufficient. One prediction of a strict critical-
feature model would be that all instances of the category should be recog-
nized equally quickly because each instance should be tested against the
same critical features.

However, this is not the case. For example, Rosch (1973) demonstrated
that individuals’ knowledge of the concept bird seemed to be dependent on
a having a prototype of the concept bird. A prototype is a sort of generalized
image, not necessarily visual, of the concept. Birds closer to the prototype
(e.g., robins, sparrows) were recognized more quickly, while nontypical
birds (e.g., owl, ostrich) took a longer time to identity. Clear nonbird sil-
houettes were quickly dismissed as noninstances quickly. Supporting find-
ings arc reported by McCloskey and Glucksberg (1978), Rosch (1975), Rosch
(1977), and Walker (1975). (See Anderson, 1980, for a comprchensive discus-
sion.) While there is considerable discussion about the precise nature of
prototypes (Anderson, 1980); exposure to instances does play a critical role in
acquiring a prototype.

In cognitive psychology, prototypes/concepts are often called schemata
(frames, scripts, patterns, gestalts). A schema is an organizational form for
the knowledge we have about a particular concept. A schema usually has
default values for the parts of the concept. The totality of the default values
would represent the prototype for the schema.

One wetaphor that may help to conceptualize what a schema/prototype
might be like is to imagine making black-and-white silhouctte slides of a
variety of hirds so that the birds are about the same height. Then imagine
projecting a very bright light through the entire set of slides. What would
emerge would be a centralized dark image (the prototype) that would be the
most typical bird. Nontypical birds would be represented by lighter gray
fuzzy houndaries around the central prototype.
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I am generally comfortable with the idea of a schema/prototype for most
naturally acquired concepts. However, [ thiuk that nmany school-lcarned
concepts may be acquired both as a set of learned critical *cmﬁ.:.om and as a
prototype. The prototype is used to identify instances that are fairly typical,
as well as clear noninstances. Typical instances possess many commonalitics
with the prototype, while noninstances possess few commonalities. Howev-
er, for examples that are ambigious, lcarned critical features are used to
determine if the example is valid (or we attempt to generate a set of critical
features to use if we have not learned them previously). For concepts not
learned in school, subjects would have difficulty making decisions about
ambiguous instances. This is precisely what McCloskey ::.n_ Glucksberg
(1978) found with respect to individual category judgment for ambiguous
instances of common categories. For example, about half of the subjects
agree that stroke was a diseasc, while half did not.

The idea that conceptual knowledge may include hoth prototypical infor-
mation and critical-feature information is consistent with the research on
conceptual development carried out by Klausmeier and his associates
(Klausmeier & Allen, 1978; Klausmeier, Ghatala, & Fraver, 1974; Tennyson
& Park, 1980). Klausmeier and his co-workers see conceptual development
oceurring in four stages, running from discrimination of individual instances,
through Q:&xﬁ:m instances as category members, to being able to verbally
and formally describe the concept and relate it to other concepts. In a
longitudinal study of conceptual development in children, they show that
this is how children acquire concepts (Klausmeier & Allen, 1978).

Concepts also relate to other concepts by means of superordinate, coordi-
nate, and subordinate relationships (Klausmeier & Allen, 1978; W_u:m_:n.mn._.q.
Ghatala, & Frayer, 1974; Tennyson & Park, 1980). Acquiring a knowledge of
such relationships is necessary to gaining an understanding of the concept
(Tennyson & Park, 1980). In addition, concepts may be related meta-
phorically to other concepts. The implications and importance of such meta-
phorical relationships are just beginning to be understood. Such meta-
phorical relationships may represent a fundamental process in understand
ing new situations and acquiring new concepts (Ortony, 1980).

B. RuLes, PRINCIPLES, AND SKILLS

Rules or principles are statements that rclate concepts and tell how
changes or alterations in one concept influence other concepts. A person
who knows a rule has an “inferred capability that enables the individual to
respond to a class of stimulus situations with a class of c@.?_.:.::,.c.cmv
(Gagne, 1977). Just as do concepts, principles and skills have a set of critical
features that give rise to their operation or identify situations to which they
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apply. For example, critical features of the problem, 45 + 134 + 76 = 2,
such as the + and the = signs, prompt the operation of addition skills. For
behavioral psychologists, the situation, “Explain why a rat that gets a food
pellet for standing on its head stops doing so when food is no longer ap-
plied,” will activate an explanation based on the principle of extinction,
which relates the concepts remouval of reinforcement and strength (proba-
bility) of response. Thus principles, rules, and skills can be analvzed into
condition—action sequences just as can concepts.

The nature of rules can be illustrated by work on story schemata (Bower,
Black, & Turner, 1979; Schank & Abelson, 1977). Schemata have been used
to explain how we understand language and events in the world. Consider
the following story: “A man enters a building. He picks up aloaf. He walks to
a counter. He picks up his change. He lcaves the building and drives away.”
When I use this example in my classes, I ask students to tell me what this
story is about. Invariably they tell me it is about a man picking up a loaf of
bread in a store. Then I ask if, as I read the story, they envisioned shelves
with racks of bread on them, aisles with food on them. a counter containing a
conveyer belt, a woman clerk near a cash register, ete. Most students answer
ves. Then I ask where all those details came from. They certainly were not in
the original story, rather they were in the schema for buying in a super-
market. T also point out that like ambiguous perceptual figures (e.g., the
famous vase—faces figure from Gestalt psychology) this story is subject to
multiple interpretations. For example, the person might have been buying
gasoline and picking up a meatloaf baked for him by the gas-station owner’s
wife. While this latter scenario is less likely, it is still perfectly plausible.
This use of schemata has been called instantiation by Anderson, Pichert,
Goetz, Schallert, Stevens, and Trollip (1976). Anderson et al. (1976) argue
that language is understood by constructing plausible instantiations from
learned schemata. The instantiation applied determines what is remem-
bered and learned from a text.

Schemata are also used to tell us what to do in particular situations.
Schank and Abelson (1977) discussed the role of schemata in determining
appropriate behavior in a restaurant. When we enter a restaurant, we have
certain expectations: a waiter will come with a menu, we will order food, etc.
These schema-based expectations determine our behavior, It may make this
more clear to note that we have schemata for different classes of restaurants.
You probably have no trouble identifving schemata for plastic fast food place,
fine restaurant, greasy spoon, bar and grill. We have a different schema for
each of these different categories of restaurants which allows us to recognize
the type and tells us how to behave in that type of restaurant. We would not
expect to order wine at McDonald’s and we would not expect to stand at a
counter for food at the Ritz. Perhaps a more interesting example is the work
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on sexual scripts. We have schemata for sexual activities: marriage, _c/.\o
affair, one-night stand, etc. These schemata define appropriate hehavior in
these situations (Delameter, 1983; Gagnon & Simon, 1973; Mosher, 1980).

Productions and Education

As noted, T believe that it is valuable to think about the learning of
concepts, principles/rules, skills, and ?Hcr_m.:-mc_i:n u_:__:n.,m as the n._m«d_w
opment of production systems. Each of these ::,o:ccgm_ m_.c:m is zcﬁ._égﬁ
by some set of conditions (the conditional part of a c..cn_:o:c:v.u arries out
some task (the action part of a production), and is associated in particular
ways to other productions in memory. By ::.:r”m:m z_u.A:.: knowledge as n
production system, we have a unified means of describing E_:% m::_o,d?
must acquire to learn intellectual skills and what teachers and :;.r._._o:c:.
should do to help the acquisition of intellectual L&:?.Hrc n::cﬂ.urc: of
concepts, rules, and problem-solving skills as o_c_:o_.:m..: a ?.cn_:c:E.H SVs-
tem is consistent with Gagne’s (1977) common description of these as intel-
lectual skills and with current cognitive models of learning (Anderson “._cmow
Anderson, Kline, Beasley, 1979; Goldstein, 1980, Lenat, 1983; Simon,

1980).

C. DecLARATIVE AND PROCEDURAL KNOWLEDGE

Production-system learning models make a distinetion between . de-
clarative versus procedural knowledge. The distinction is nsually ﬁ_w.ﬁo:_vmﬁ_
as the distinction between knowing that and knowing how. Knowing &::.
refers to being able to talk about something: knowing how _.Sao:. to heing
able to do that something (e.g., heing able to describe a tennis service versus
being able to hit one). The importance of this n:m::c:..c_,g is _:.; that n_m.‘
clarative and procedural knowledge are fundamentally different in Fn way
that they are stored in memory, but rather that they involve two different
aspects of teaching intellectual skills or productions. T ,un_::n. mc_:cc:cjﬁ
hit a serve is different from teaching them to describe a tennis serve. For
most school-learned intellectual skills, the objectives of instruction involve
both declarative and procedural knowledge about a skill. For example, phys-
icists certainly want students to he able to discuss weight (declarative knowl-
edge) and to measure it (procedural knowledge); _um%o.r.c_:n_mﬁ wants .mﬁ_-
dents to discuss reinforcement, rccognize examples of it, and to use it to
change behavior. e

Acquiring procedural knowledge does not o:v._:é.:ﬁi A_.cc__&.zr/\.c __5,«_( :
edge will be acquired and vice versa. Keeping the distinction in :::.Q : ps
teachers and instructional designers to focus on the need to develop instruc-
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tion that leads to both procedural and declarative knowledge and not to the
slighting of one for the other. 1 might raise the point that subject matter
fields tend to differ in their emiphasis on one or the other. On the basis of my
own experiences and discussions with students in teaching about this topic,
courses in mathematics and the mathematically oriented sciences seem to
focus primarily on procedural knowledge, while at the introductory level at
least; courses in the humanities and social scienees seem to focus on de-
larative knowledge. This differcnce may lead to the common stereotypes of
such domains. Are math and the “hard” sciences pereeived of as difficnlt in
part because insufficient declarative knowledge in the formn of literal and
metaphorical description are taught in such courses? Are the humanities and
social sciences regarded as fuzzy hecanse lots of words but fow specific
procedures for doing anything are tanght? Perhaps instructional designers in
both arcas need a more careful analysis of their subjeet matter in terms of its
declarative and procedural knowledge and to consider these more caretully
in the design of instruction.

D.  RESEARCH ON LEARNING OF ProbucTiONs

:,::,.%;::.Z.:c:&.oc:cﬁxm,_.:_e# skills, and problem-solviug abilities
an be viewed as the learning of productions, it is useful to ask what sorts of
factors may facilitate or inhibit the learning of productions. The purposc of
this section is to discuss rescarch on such factors. This review of research is
not exhaustive; it is meant to illustrate important procedures that may facili-
tate or inhibit the acquisition of intellectual skills. Fach procedure is illus-
trated by one or two major studies.

1. Providing Students with a Metaphorical Representation

This variable has been investigated in several studies. Rover and his asso-
ciates have demonstrated that providing students with a concrete analogical
passage prior to an instructional passage facilitates | arning from the target
passage (Perkins, 1978; Royer & Cable, 1975, 1976. Rover & Perkins, 1977).
ayer (1975, 1976, 1980) has demonstrated that providing students with
an analogy or model by which to understand a computer programming lan-
guage facilitates learning to solve problems nsing the language. In the 1980
study, students in one condition related terms i a file-management pro-
gramming language to familiar office functions snch as filing, sorting, writing
on a note pad, ete. This analogy led to an inereased ability to solve far
transter problems compared to students given practice in using the concepts
without understanding them.

The difference between near and Jar transfer refers to the similarity of the

iy
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test problems to the problems given in instruction. Near problems are pretty
much like the problems in instruction with minor variables changed. Tar
transfer problems would involve problems in which the dimensions of the
problem were changed. For example, if one had practiced using the lan-
guage to print out labels for individuals in the data base who were in the
insurance industry, an example of a near transfer problem would be to print
out labels for people in the airline industry. A problem involving far transfer
might be to print out an address list of all individuals making more than
$40,000 per vear. The first problem merely involves a change in the same
dimension (type of industry); the sccond problem involves two changes. in
the nature of the output (labels to address book) and the dimension by which
individuals are selected (industry to income).

While such analogies can be useful as instructional tools, Royer and Feld-
man (1984) caution that developing analogies is a truly creative and difficult
act. In addition, analogies are never perfect—the topic to be learned is
never exactly like the old previously known comparative materials. The
difference may lead to confusion on the part of the student because the
student cannot know how far to continue the analogy. Instruction that uses
analogical representations to promote understanding in teaching intellectual
skills must be careful to also lead students to draw distinctions between the
analogy and the to-be-learned material. An analogy with the hehavioral
concept of prompting may be apropos; an analogical representation may be
considered a prompt to allow the students to make correct responsces (e.g.,
begin to understand) the subject matter; but it must be faded over practice if
the student is to fully understand the new subject matter.

2. Verbalization during Problem Solving

A number of studies have found that verbalization of thought processes
during problem solving can facilitate problem solution and learning. Gagne
and Smith (1962) demonstrated that subjects who stated what they did while
working Tower of Hanoi problems did better on the final problem than
students who did not. Stinessen (1975) replicated this finding and demon-
strated that the effect was greater when the task was abstract than when it
was concrete. Stinessen (1974) demonstrated that verbalization has a greater
effect when subjects are given explicit information about the problem-solv-
ing situation than when they were given nonexplicit information. Neither
Gagne and Smith nor Stinessen provide an adequate theoretical explanation
for this result. Webb (1983) discusses this issue in regard to group effects on
learning intellectual skills (discussed below). One explanation may be that
verbalization induces greater elaboration and cognitive structuring of the
presented material. The effect is greater if the learner expects to teach the
material to others (Webh, 1983). Further rescarch is needed on this issuc.
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3. Using Questions

Asking studeuts to try to use productions in the process of learning them
has been shown to be facilitative of intellectual skill acquisition. Watts and
Anderson (1971) found that asking students to apply concepts in the process
of learning them facilitates learning of the concepts. While similar research
has sometimes produced conflicting findings (Andre, 1979; Andre, Mueller,
Womack, Smid, & Tuttle, 1980); such findings probably were due to the
time interval between study and test and to insufficient practice given on the
problems. Audre and Reiher (1983) found that the effect of asking questions
that required students to practice concepts was enhanced on a delayed test.
Tennyson and his co-workers (1975, 1980) have found that students Twm:c_.::«,
require several practice examples to learn a concept. .

In an interesting study, McKenzie and Herrington (1981) had students
answer questions that asked them to apply an intellectual skill over several
school days. Compared to a group that answered factual questions, the
application-questions group transferred the skill to new material. In a study
mentioned previouslty, Mayer (1980) had students answer questions that
asked them to relate the terms in the file-control computer language to
typical office functions. Students who answered these types of questions
while learning did Dhetter on problem solving on the _ucmm?uﬁ. As part of a
program on training the skill of learning from scientific text, Larkin and Reif
(1976) trained students to ask application questions about scientific princi-
ples being taught. These student acquired a better ability to apply the
material. . \

4. Providing Examples

In learning productions, students need worked-out examples from which
to develop their understanding of the material to be learned. While this may
seem like a truism to many, it has often been ignored by _.:m:.:o:.c:&
designers and teachers. Pepper (1981) studied texts in computer program-
ming. A text preferred by programming instructors was particularly terse
and void of examples. By comparing the performance of learners who used
the standard text and a modified text with many well-worked-out examples,
Pepper demonstrated that examples facilitated the learners ability to use the
language in solving problems. Simon (1980) similarly a_:c_.umi@ﬁ_. the role of
examples. Simon (1984) described instructional materials for teaching al-
gebra concepts that involved mostly presented examples. Students who
worked independently with these materials learned the algebra concepts in
less than half the time as teacher-taught students.

In a review of rescarch on teaching concepts, Tennyson and Park (1980)
point out that the examples presented should constitute a rational set (Mark-
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le & Ticmann, 1969). A rational set provides examples that illustrate the
variability of the irrelevant attributes of a production while sharpening focus
on the relevant attributes of the production. Acquisition is facilitated when
presentation of examples follows these rules: (1) examples should be ordered
from easy to difficult; (2) subscquent examples should diverge in variable
attributes from previous examples; and (3) examples should he matched to
nonexamples on the basis of similarity of variable attributes (Tennyson &
Park, 1980, p. 59). The function of these rules is to ensure that the learner
acquires an accurate conditional part of the production.

5. Coordinate ldeas

Within a given subject matter domain, productions are often coordinate.
For example, under the superordinate concept of behavioral learning theo-
ry, one might find the coordinate productions (or rules), operant condition-
ing and classical conditioning. Over a number of studies, simultaneous pre-
sentation of coordinate productions (or rules), in which nonexamples of one
production (rule) are examples of coordinate productions, has been found to
be facilitative of production acquisition (Tennyson & Park, 1980; Tennyson
& Tennyson, 1975).

6. Discovery versus Expository Learning

In rule-induction experiments, discovery learning has often been found to
facilitate transfer and problem-solving skills when compared to expository
learning. For exammple, Katona (1940) found that lecarners who discovered
solutions to problems were more likely to be able to successtully perform on
far transfer tasks. In a study of solving eryptograms, Guthrie (1967) reported
a similar finding. Such findings have led to the gencralization that discovery
learning produces better far transfer, while expository learning produces
better near transfer or learning of the original task (Brumer, 1961; Suchman,
1961).

Andre (1979) criticized this conclusion because comparison of the methods
had not ensured that the procedures were attempting to tcach the same
outcomes. In particular, while discovery methods force students to search
for generality, expository methods may or may not require the student to
process the information for generality. If the expository method is used to
focus students on the acquisition of a particular response category, it is not
surprising that students do poorly on transfer tasks. But it is certainly not an
inherent feature of the expository method that students be focused on mind-
less learning. For example, as noted carlier, the presentation of analogical
models for understanding, certainly an expository act, has facilitated far
transfer (Mayer, 1975). The rcal issue is not expository or discovery learning,
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but the nature of the processing students engage in while learning (Andre
1979). Discovery methods may offer students a way to ensure processing :Em
leads to far transfer, and for this reason they are instructionally important
but :~.m.< are not the only inethods to ensure processing for far t ansfer, As _._w
the aforementioned Mayer work, the nature of the expository instruction is
critical. When expository instruction focuses the learner on .::ﬁ_o_.mﬁ::__.:m
the underlying productions by fitting them to a cognitive structure, exposito-
ry description may facilitate far transfer. When the expository description
rvo:mmm the learner on repetition of a verbal chain or the H.m,ccm:{m applica-
tion of a production, then exposition may interfere with transfer.

7. Giving a Verbal Description

An issue related to the discovery—expository issue is whether or not hav-
ing students learn a verbal description of a prineiple or rule is facilitative.
Typically, learning a verbal description has been facilitative of at least near
transfer (Craig, 1956; Kersh, 1962). These results suggest that when the
instructional objective involves near transfer, a procedure of giving a rule

should be followed.

8. Training the Learner to Learn Better

Learners differ in the extent to which they try to understand and use
material they are exposed to. Higher-ability learners scem to usce techniques
to help them develop understanding, see applications, and make use of
learned ideas. Less able learners do not do so. One line of res arch related to
the development of problem solving and intellectual skills involves attempts
to produce better learners by giving training in appropriate processing strat-
egies. An example of this line of rescarch is presented by Larkin and Reif
(1976). Other rescarch has heen done by Dansereau and his associates (1979,
1984), Weinstein and her associates (1983), and by Annis (1984). This re-
search demonstrates that it is possible to train learners to use more effective
learning strategies. This research is discussed more fully in Chapter 8 by
Duell and Chapter 9 by Snowman in this text. )

9. Group Learning Effects

A number of studies have found that small-group learning procedures may
be useful for training in intellectual skills (Webb, 1982D). For cﬁ::c_o.
Webb (1982a) found that learning in groups of four promoted near transfer :w
learning exponentiation and scientific notation among scventh- and eight-
grade students. Skomn, Johnson, and Johnson (1981) reported that group
learning facilitated the acquisition of cognitive reasoning skills. There are
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some difficulties in the latter study, in that the learning tasks also served as
the measure of performance, and transter was not demonstrated. 1lowever,
other studies have reported that group-learning experience can facilitate
concept learning, conservation, and reasouing strategies (Johnson & John-
son, 1979; Johnson, Skon, & Johnson, 1980; Laughlin, 1978).

Webb (1982a, 1982b) argues that the facilitation of performance comes
from the opportunity to receive explanations and feedback from other group
members. In the Webl (1983) study, not receiving an explanation when it
was requested was the strongest predictor of the transfer test performance.
Receiving an explanation correlated positively with performance. Giving
explanations also led to better performance. This latter effect is particularly
interesting.

Consistent with academic folklore, having to teach something facilitates
learning of it. Webb (1983) discusses two possible explanations of the teach-
ing effect. One explanation is based on the aforementioned verbalization
studies: often verbalization during learning facilitates learning. A second
explanation is that preparing to teach forces the learner to elaborate on the
material to a greater degree and to develop a more organized cognitive
structure for the topic. This interpretation is consistent with studies by
Durling and Schick (1978), who found that learners who prepared to teach to
actual students learned more than than learners who taught to the teacher.
WebD (1983) and Slavin (1980) provide comprehensive reviews of this liter-
ature: the interested reader is referred to those sources for more informa-
tion.

10. Emotional Factors in Problem Solving

It is well known that anxiety can inhibit performance on complex tasks
(Anderson & Faust, 1973). Some studies have suggested that anxiety-reduc-
tion procedures may be useful in problem solving. Collins, Dansereau,
Garland, Holley, and MacDonald (1978) examined the influence of relaxa-
tion procedures in learning from prose. A combination of u.m_zxi._.c: tech-
niques to maintain concentration and positive sclf-talk techniques facilitated
learning from a prose passage. While not directly related to the _mz,:::m of
productions, this study is suggestive that reduction of anxiety may facilitate
such learning.

Gross and Mastenbrook (1980) examined the effects of statc anxiety on
problem-solving efficiency under high- and low-memory conditions. The
task consisted of a concept-identification task using cards containing geo-
metric figures varying in several dimensions. When no external memory aid
was provided, high-anxious subjeets did worse than low-anxious subjects.
When a memory aid was provided, there was no difference between highly
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anxious and low-anxious subjects. Other rescarch similarly demonstrates a
reduction of the anxiety effect when memory aids are provided (Leherissey,
O'Neil, & Hanson, 1971; Sicher, Kameya, & Paulson, 1970). The specific
mechanism by which memory aids operate is not clear from this research.
Webb (1983) discussed the role of groups in problem solving and argued that
when learners receive explanations and teaching from other group members
instcad of a teacher, there may be a reduction in anxiety, leading to improve-
ments in performance.

Mild levels of stress may or may not improve problem-solving perfor-
mance {Davis, 1968). For example, Fine, Cohen, and Crist (1960) found that
working under humid and hot conditions improved anagram-solution times.
Similarly, time pressure improved anagram performance (Nance & Sinnot;
1964). Phillips, Griswold, and Pace (1963) found that reduced oxygen levels
(14,250 ft altitude conditions) did not reduce performance in arithinetic
computation problems but did in solving word-rl.yme problems. Whether or
not stress will influence performance may be related to the complexity of the
task. Because stress may increase anxiety, it should help performance on
simple tasks and reduce performance on more complex task. Of course,
complexity must be assessed relative to the abilities and knowledge base of
the individual learner.

V. FACILITATING THE LEARNING OF
INTELLECTUAL SKILLS

One reasonable question to ask after this review of the cognitive structures
we use to problem solve and the instructional factors that influence problem
solving is; Can we use this information to teach intellectual skills hetter?
Andre (1984) suggested that such a review would be useful by leading to a set
of general guidelines developing instruction on intellectual skills. In Andre’s
view, every time a production (concept, rule, skill, or problem-solving abil-
ity) is to be taught, the production needs to be analyzed into its three
components and the instruction should ensure that the learner acquires each
of the components. In Andre’s model, once the components are identified,
then instructional moves can be planned. The model is presented in Fig. 7.

The recommendations in Fig. 7 are still very general. To be used, they
have to be operationalized in a particular educational situation. The list in
Fig. 7 should be considered a checklist of possible activities in which a
learner may engage in order to promote the development of productions that
represent intellectual skills. Instructional developers should use this list to
consider possible instructional moves. In addition, the model provides a
program for future investigation on instructional proc
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Step 1. Analyze the subject-matter domain for intellectual skills required in that domain, and
develop a map of skills and their relationship. Develop a behavioral-cognitive task
analysis for each skill.

Step 2. Provide for an appropriate emotional-motivation sctting.

Step 3. Acquire the conditional component of the production.

a. Identify the subcomponents of the conditional (identify the critical features of exem-
plar situations that will activate the concept insofar as possible. Collect exemplar
situations that represent the range ol situations that will activate the conditional).

h. Test students to determine if they have the subcomponents available to them.
Provide training as necessary.

¢. Activate relevant prior learning by

Subsumatory or comparative advanced organizers

ii. Mecaningful metaphors that provide a model for imderstanding,
d. Provide a range of examples that illustrate the diseriminative features of exemplar
situations that activate the conditional to allow development of a prototype.
e. Lead the student to attend to diseriminative leatures of examples by appropriate
adjunct aids, such as
i. Inserted questions that ask why examples are examples
ii. Text cues
iii. Diagrams/illustrations.
f. Lead the student to attend to discriminative features by activating relevant learing
strategies or tactics.
Step 4. Acquire the network relationships of a production by
Presenting an organizer that demonstrates relationships between superordinate,

coordinate. and subordinate concepts
b. Leading the student to analyze relationships between productions by requiring
him/her to respond to compare—contrast type (uestions
¢. Providing metaphors that illustrate relationships among concepts
d. Teaching related productions simultaneously to illustrate relationships
¢. Using pictorial-graphic material that illustrates relationships.
Step 5. Acquire the action part of a production
a. Identify the steps in the action, and communicate the steps to the learner—this may
involve both behavioral and cognitive task analysis.
. Provide the learner with sufficient opportunity to practice the skills so that its use
becomes relatively automatic.
Provide teedback to the learner about the quality of his/her action.

FIG. 7. Model for developing instruction for training in intellectual skills.
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METACOGNITIVE SKILLS

Orpha K. Duell

College of Education
Wichita State University
Wichita, Kansas 67208

I. INTRODUCTION

Sally’s teacher announces that tomorrow the class will have an essay exam
on Chapter 2. Sally believes she will fail unless she studies, so she decides to
study. She opens her book to Chapter 2, glances at the title of the chapter
and then stares into space while attempting to recall all of the major pieces of
information she knows about that topic. Next, she examines the names of the
chapter divisions and discovers she had omitted three of them. She closes
the book and repeatedly recalls the major topics, being careful to include the
three previously omitted. Convineed she knows all the major topics, she
summarizes cverything she knows about the first major topic. She then turns
to that part of the chapter and rereads passages from the hook she had
underlined as she initially read the chapter, paying special attention to those
she had not recalled from memory and checking to see that what she is
reading makes sense to her. She repeatedly checks the underlined passages,
attempts to put them in her own words and only looks at the text when she
must. After closing the hook and recalling all she can from this division of the
chapter, she returns to the book to check her recall. Once she is convinced
she knows the material in this division of the chapter, she moves on to the
next.

The information Sally enters into her memory while studying will be
content in her memory which she hopes she will be able to recall when she
takes the cxam. Her belief that she needed to study and her decisions about
when and how to study, as well as her estimates of her readiness to recall the
information when she takes the exam, are called metacognition. The purpose
of this chapter is to consider metacognition, some of the rescarch which has
been done in this area, and what it may suggest to classroom teachers. To
this end, the chapter first describes what metacognition is within the context
of information-processing theories of learning, reviews relevant research
literature, and draws conclusions concerning classroom practices.

20r
COGNITIVE CLASSROOM LEARNING: 05

UNDERSTANDING, THINKING,
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il.  DEFINITIONS AND THEORIES

Learning theorists who attempt to explain how people learn by viewing
them as continually processing information and making decisions about it are
called information-processing learning theorists. Such theorists have often
developed their theories by either writing computer progras (step-by-step
directions that tell the computer what it is to do), which attempt to simulate
or copy the way humans perform, or by using computer terminology plus
some of the basic concepts coming from computer simulation research. Most
assume three basic parts in the memory system, although some assume
additional parts and not all use exactly the same names. One part is sensory
memory, which registers incoming information as the learner experiences it.
Sensory memory is assumed to be very brief (a fraction of a second), and so if
information is to be used by the learner, it must move from the sensorv
memory to the second part of the memory system, short-term memory.
From a classroom teacher’s point of view, short-term memory is also very
brief, usually thought to last about 20 seconds. Unless the learner docs
something with the information in short-term memory, such as rehearse it, it
will be lost. Finally, there is long-term memory, which is relatively perma-
nent. What classroom teachers hope will happen is that students will interact
with the material being presented in class in such a way that it will move
from short-term memory into long-term memory. Once information is in
long-term memory, the learner must retrieve the information when it is
needed. The knowledge the learner has about his or her learning system and
the decisions the learner makes about how to act on inforimation coming into
the lcarning system is called metacognition.

John Flavell (1979) defines metacognitive knowledge as “that segment of
your [a child’s, an adult’s] stored world knowledge that has to do with people
as cognitive creatures and with their diverse cognitive tasks, goals, actions,
and experiences” (p. 906). An example would be Sally believing she learns
information better if she puts it in her own words than if she repeats the
information word for word as it appears in the study materials. Another
example would be Sally believing she can learn a list of words faster if she
groups similar words (for example, she puts all clothing terms together, food
terms together, ete.).

Baker and Brown (cited in Brown, 1981) distinguish two types of metacog-
nition: (1) knowledge about cognition and (2) regulation of cognition. Knowl-
edge about cognition includes such things as knowledge about one’s own
cognitive resources, and knowledge about how compatible the demands of
learning sitnations are with onc’s own resources. They believe knowledge
about cognition (1) is stable over time (if Bob believes today that he can learn
better by putting information into his own words, it is likely he will continue
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to believe that tomorrow), (2) can be stated by the learner, (3) may not be
accurate, and (4) is late-developing and so is more complete in the older
learner. The later development of the ability to think about and be aware of
one’s own actions during problem solving, reading, and writing means that
the teacher may be working with learners who are unaware of their ca-
pabilitics and limitations as learners. Such learners are therefore not alway:
able to take the most appropriate actions in any given learning situation. The
second type of metacognition, regulation of cognition, “consists of the self-
regulatory mechanisms nsed by an active learner during an ongoing attempt
to solve problems” (Brown, 1981, p. 21). These activities are thought to be
(1) relatively unstable (the learner may use them on some occasions but not

on others), (2) rarely statable (lcarners know how to do many things they
annot deseribe in words), and (3) relatively independent of the learner’s
age. Brown (1981) provides the following examples of these regulatory meta-
cognitive activities: “planning one’s next move, checking the outcome of any
strategies one might use, monitoring the effectiveness of any attempted
actions, testing, revising, and evaluating one’s strategies for learning” (pp.
21-22). Although these two types of metacognition may be distinguished
conceptually, Brown (1981) argues that they are closely related and should
not be separated if one is to understand metacognition.

Metacognition includes knowledge about and regulation of various cog-
nitive processes. For example, knowledge about and regulation of under-
standing communications is labeled metacomprehension and knowledge
about and regulation of memory is labeled metamemory. If Sally believes
that a good way to find a “misplaced” item, such as a pen she has lost, is to
mentally retrace her steps until she recalls the last place she had the item,
this would be an example of metamemory because it deals with what Sally
knows about how to use her memory system.

Although John Flavell (1971) only recently introduced the term meta-
memory, the focus of its attention on self-awareness and self-control in learn-
ing is not new. Since the beginning of this century, educational psychologists
have recognized that processes such as self-awareness and self-control are
important components in reading (Brown, 1981). The increased attention
given to self-awareness and self-control in learning since Flavell introduced
the term metamemory has led to differences over what metwmemory and
metacognition include (Wellhman, 1983). These concepts are relatively new
and not precisely defined at this time. The review of the literature which
follows gives a sampling of the areas researchers have investigated relative to
metacognition. More studies on metaniemory than other metacognitive
areas are covered because that area has produced a large number of
studies.

If the reader has detected a similarity between what we have been de-
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scribing as metacognition and what you might want to call “study skills,” vou
are not the first one to recognize it. Brown (1978) pointed out this similarity
in her review of selected parts of this literature. This means the chapter
concentrates on cognitive processing basic to the development of study

skills.

M. LITERATURE REVIEW

This section reviews studies that have examined various aspects of meta-
cognition. It looks at studies on metamemory, studies of metacognition in
communication and comprehension, observations about metacognition in
problem solving, studies describing attempts to teach metacognitive skills,
studies looking at the relationship between metacognition and behavior, and
hypotheses about how metacognition is acquired.

Because all subareas of metacognition are interrelated, it was not always
easy to decide where to include a study. Studies using text-like prose mate-
rials are reviewed in the section on metacognition in communication and
comprehension, although some of those studies are clearly extensions of
studies reported in the carlier metamemory section.

A. METAMEMORY RESEARCH

Much research has been done in the arca of memory since the mid-1970s.
One reason is that memory is viewed as consisting of many cognitive pro-
cesses, making it impossible to separate memory from the others. For exam-
ple, memory includes the cognitive processes of encoding or storing infor-
mation, retrieving stored information, rehearsing information that has
entered short-term memory, searching for information that may be stored in
memory, and using learning strategies such as clustering sinmilar items to be
learned and elaborating information to be learned by creating sentences,
phrases, and/or mental images which aid in the storage of that information.
Hence, the reader should not attempt to draw distinet lines between learn-
ing and memory while reading this chapter.

This section reviews studies on metamemory. It is organized according to
the classification scheme developed by John Flavell and Henry Wellman
(1977). The taxonomy has two main categories (sensitivity and variables),
each of which is further subdivided. The first category recognizes that learn-
ers need to have an understanding or awareness of how to behave most
appropriately in different learning situations. For instance, is this a situation
where I should attempt to recall (retricve) something I should be able to find
in my memory? Is this a situation where I should be studying information so

8. METACOGNITIVE SKILLS 209

that I will be able to recall it at a future time? Is this a situation when I
should arrange my environment (e.g., leave my school books beside the
door) so it will he easy for me to later locate an object or recall something?
We call this the sensitivity category because it addresses the need for learn-
ers to be sensitive to the most appropriate way of approaching situations.

The second category recognizes that how the learner performs “in a mem-
ory situation or task is influenced by a number of factors the nature of which
a person might know” (Flavell & Wellman, 1977, p. 5). We call this the
variables category because it draws attention to several factors or variables
the learncr might benefit from knowing about. For example, knowing that it
is casier to recall the main ideas from a passage than to recall it word-for-
word is a task variable learners could benefit from knowing.

1. Sensitivity Category

Flavell and Wellman (1977) divide the sensitivity category into two suly-
categories. The first, elicited activities, consists of activities learners engage
in when asked to retrieve information from memory or to prepare for re-
trieval at some future time. The sccond, spontaneous activities, consists of
activities learners spontancously engage in when they believe it may be to
their advantage to attempt to retrieve some information or to be able to
retricve information at some future time.

a. Elicited Activities. According to the “differentiation hypothesis”
(Appel, Cooper, McCarrell, Sims-Knight, Yussen, & Flavell, 1972), young
children do not differentiate between a request to memorize information for
future recall and a request to look at the information carefully. That is, they
do not understand that when they are told to memorize information for
future recall, this request implies that they should do something special with
that information so that they will be able to retrieve it at a future thme.
Young children must acquire the ability to recognize that instructions to
memorize are requests for them to engage in present activity that will prove
useful at some future time. Appel et al. (1972) presented 4-, 7-, and 11-year-
olds two sets of pictures and instructions. When shown one set, the children
were instructed to memorize the items for future recall. When presented
the other picture sct they were instructed to look carefully at the pictures.
The 11-ycar-olds did differentiate between the two sets of instructions. They
knew the memorization instructions requested speeial activities like rehears-
al and the grouping of similar items, were more apt to use these strategics,
and recalled more when told to memorize than when told to look arefullv.
On the other hand, the 7-year-olds seemed to understand that memorization
instructions were a request for special activities since they were more likely
to name and point to the items when instructed to learn them, but they were
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unable to increase their recall. Four-year-olds appeared to behave the sune
regardless of the instructions. Subscequent rescarch (Salatas & Flavell,
19762a; Yussen, Gagne, Gargiulo, & Kunen, 1974) revealed many 7-year-olds
will process items difterently when told to memorize than when told to look
at them, provided they can think of a strategy they can use to facilitate their
learning of the items. There is some evidence that children as voung as 3
vears understand what it means to intentionally remember the location of an
object (Acredelo, Pick, & Olsen, 1975; Wellman, Ritter, & Flavell, 1975).
Wellman, Ritter, and Flavell (1975) hid a toy under one of a series of identi-
al cups, and the 3-vear-old was told either to wait with the toy until the
experimenter returned or to remember where the toy was while the experi-
menter left the room for 45 seconds. Children told to remember where the
tov was not only recalled its location hetter than the other children, but also
engaged in planful activity to retain that information by doing such things as
touching the relevant cup, making it distinctive in some way, or apparently
rehearsing which one hid the toy. One child was observed going down the
series of cups nodding her head “no” for empty cups and “ves” for the cup
the toy was under.

Whether a distinction between instractions to learn or to look is made by
learners appears to be related to whether the task presented is one with
which thev are familiar (Brown, 1981). In a review of the literature on the
differentiation hvpothesis, Flavell (1978) concluded that although it is possi-
ble to observe when a child makes a behavioral differentiation between
inspecting and learning instructions, we have not yet found a way to em-
pirically demonstrate that for any memory task there is a time when a child
an conceptually differentiate activities but is unaware that this has behav-
ioral implications.

b. Spontaneous Activities. Little is known about spontaneous activities
and their development (Flavell & Wellman, 1977). One study (Siegler &
Lichert, 1975) found that more 13-year-olds than 10-yvear-olds kept written
records of the possible solutions they had attempted for the problem of
discovering which setting of four switches (cach of which could be in an np or
down position) would make an electric train run. Snbjects who chose to keep
written records tended to generate more different combinations than those
who did not. However, because all subjects were supplied with paper and
pencil and told, “There are many possibilities and you don’t want to repeat
the same choices von already made, so vou might want to keep a record of
which choices vou have tried and found not to work,” their behavior cannot
be considered totally spontancous. Additional examples of spontancons ac-
tivities have been found in studies using school-like prose material. These
are reviewed in the subsection on metacognition in communication and

comprehension.
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2. Variables Category

Flavell and Wellman (1977) divided the variables category into four sub-
divisions, cach of which identifies factors that can affect the quality of perfor-
mance on retrieval problems. These include (1) person variables (“all
temporary and enduring personal attributes and states that are relevant to
data retrieval” [p. 10]); (2) task variables (qualities of the task itself which
influence retrieval); (3) strategy variables (ways of going about storing and
retrieving information from memory); and (4) the interaction among vari-
ables (the fact that the actions a learner engages in in any one setting can be a
function of the combination of what she or he knows about all three classes of
variables).

a.  Person Variables. Person variables include both enduring properties
that change little over time, such as being able to predict about how many
items a learner will be able to recall after studying them for a brief period of
time, and temporary properties, snch as the learner being able to say
whether at this time she or he can correctly recall all items on a study list.
This section first describes research on enduring person variables and then
studics about temporary person variables.

There is evidence that older children have a better understanding of their
memory abilities and limitations than vounger children. Several studies have
looked at learners’ abilities to predict their memory spans (the number of
items a learner can correetly recall immediately after being shown a group of
items). In these experiments, the usnal procedure has been to show the
subject a horizontal presentation of two pictured objects. The subject is then
asked if she or he could remember these objects in the order they appeared
if they were covered up. The process is repeated with one more picture
being added each trial nntil the learner says she or he does not believe she or
he would be able to recall the sequence of objects or until the number of
pictures has become so large that it is unrealistic for anyone to predict recall
(e.g., 10 pictures). The actinal memory span of the learner is then tested.
Flavell, Friedricks, and Hoyt (1970) found over one-half of their 4- to 6-year-
olds unrealistically predicted they would be able to recall as many as 10
pictured objects while fewer than one-fourth of the 7- to 10-vear-olds made
similar unrealistic predictions. Yussen and Levy (1975) tested 4-, 8-, and 20-
vear-olds. The older subjects made more accurate predictions than the
vounger subjects, who overestimated their memory spans. In fact, the 20-
vear-olds were remarkedly accurate—the mean predicted span was 5.89 and
the actual mean span was 5.52.

Brown, Campione, and Murphy (1977) made one change in the procedure
when testing educable mentally retarded children. After a child first said she
or he would not be able to remember a list of the length shown., the experi-
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menter continued to show the child longer lists. As many as 32% of the
subjects were inconsistent in that after they had first declared a list too long,
they later declared a longer list to be one they could recall. These results
raise questions about what would have been found in the prior studies if they
too had continued questioning after the first “too difficult” response. Re-
gardless, consistent with the results of the prior studies, more older educa-
ble mentally retarded children (mental age 8) made accnrate span estimates
than younger mentally retarded children (mental age 6).

The studies all suggest that a learner’s ability to accurately predict memo-
ry span for verbal units increases with age. However, Kelly, Scholnick,
Travers, and Johnson (1976) failed to find a similar trend when people pre-
dicted their ability to recall the location of an object. These researchers
suggest that differences in spatial and nonverbal memory abilities may ac-
count for their different findings. Markman (cited in Flavell & Wellman,
1977) found 5-year-olds can predict the motor skill of how far they can jump
much more accurately than they can predict how many objects they will be
able to recall. In addition, 5-year-olds predict others™ recall with about the
same average accuracy as they predict their own recall, believe teen-agers
can recall more than 5-year-olds, and belicve 5-year-olds can recall more
than 2-year-olds.

It is conceivable that practice activities can provide hints about what
predictions learners should make. Some of the 5-year-olds in Markman’s
study (cited by Flavell & Wellman, 1977) improved their ability to predict
their memory spans with practice at the task even when provided with no
feedback; however, other 5-year-olds did not improve even when they were
provided feedback about the accuracy of their predictions. Also, Yussen and
Levy (1975) had 4- and 8-year-olds attempt to recall sequences of 9 and 10
items before they were asked to predict their memory spans for scquences of
10 or fewer items. The actual mean memory spans were 3.34 for the 4-year-
olds and 4.71 for the 8-year-olds. These practice experiences did not affect
their predictions.

Investigators have also looked at learners’ awareness of enduring person
<m:.mv_mm.‘wwmcﬁmﬁ Leonard, and Flavell (1975) individually interviewed 20
children in each of four grade levels (kindergarten, first, third, and fifth).
The older children seemed more aware that a learner’s memory ability may
differ from one setting to another, and that learners of the same age differ in
memory abilities; they believed older learners will study differently when
preparing for future recall. The younger children appropriately used m:or,
terms as remember and forget; knew that if they were given a rote piece of
information, such as a telephone number, they would remember it for only a
very short time; and knew that relearning information forgotten over the
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summer would take less time than learning information for the very first
time.

Hale (1983) attempted to determine whether high school students could
predict how much they would forget over time. e had 11th- and 12th-
graders study a 24-paragraph passage on the history of China, take a 12-item
multiple-choice test over half of the main ideas in the passage, and score
theiv own exams. Then subjects predicted how they would have scored on
the exam if they had read the passage today but had not been tested until 1,
8. or 15 days later. Later, students were administered a surprise 12-item
multiple-choice test over the remaining half of the main passage ideas. Tests
were administered 1, 8, or 15 days later. Students predicted that 1 day later
they would seore over two points lower than on the immediate test. even
lower 8 days later, and about three points lower 15 davs later. The actual
reteution scores indicated they scored only about a half a point lower 1 dav
later, just over one point lower 8 days later, and vot quite two points lower
15 days later. An analysis of the data from students who predicted for the
same delay they had actually experienced indicated they predicted signifi-
antly more forgetting than actually occurred. Hale (1983) suggests the inac-
curate expectations may result from the stndents” lack of experience with
similar settings. Students are seldom tested over only main points rather
than memorized details, are seldom tested without having studied during
the interval between learning and testing, are seldom tested both immedi-
ately after learning and again at a later time, and are seldom asked to think
about their meniory performance.

In addition to the more general, enduring person variables, there are also
temporary variables of which a learner may be aware. One such variable is
the ability to monitor when one is ready to recall information. Flavell,
Friedrichs, and oyt (1970) found 7- to 10-vear-olds were much better at
judging their readiness to recall a set of items than were 4- to G-vear-olds.
The children were told to study a set of items until they were sure they could
recall all of the items without making an error. The children studied until
they indicated they were ready to recall, and were immediately tested. They
were given three such episodes. The older children were usually able to
recall the lists without error while the vounger children could not and did
not improve their estimates over the three episodes. Subsequent research
(Neimark, Slotnick, & Ulvich, 1971) found that 6-vear-olds are rather poor at
estimating their readiness to recall. Denhiere (cited by Flavell & Wellman,
1977) found that even adults are not perfect at this task.

Another temporary variable is the ability to monitor how well one has
done on a memory task. Geis and Lange (cited in Flavell & Wellman, 1977)
obsevrved that although both vounger and older children may be aware that
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they have or have not recalled all items they were asked to recall, older
children are better at this than younger ones. Immediately after recall, hoth
first- and third-graders are able to accurately report how many items they
have correctly recalled, although third-graders are more accurate than first-
graders (Moynahan, 1976). Berch and Evans (1973) showed kindergartners
and third-graders an initial set of items consisting of pictures of common
objects, followed by a longer second set which contained the initial set plus
additional items. The children not only had to indicate whether cach itea in
the second set had been seen before, but also had to rate how much confi-
dence they had in their response. Both groups could to some extent assess
“the accuracy of their responses; again, the third-graders were more accurate
than the kindergartners.

Another area of research on temporary person variables is that of tip-of-
the-tongue or feeling-of-knowing experiences. Wellman (1977) asked kinder-
gartners, first-graders, and third-graders to name the objects shown in a
series of pictures. If children could not name an item, they were asked both
whether they thought they knew it (despite the fact they could not name it)
and would therefore he able to recognize its name, and whether they had
seen the item before. Later, the subjects were tested to sce if they could
recognize the names of the objects when they heard them. Older children
more accurately predicted those items for which they were or were not able
to recognize the names. For the kindergartners, their response as to
whether they had seen the item before was a better predictor of whether
they would recognize the itemn name than was their prediction of that hehav-
ior. The opposite was true for the 9-vear-olds. College students can accu-
rately predict which question answers they will be able to correctly recog-
nize even though they cannot at that time recall the answer (Fart, 1965,

1967).

b. Task Variables. Research on task variables has shown that some
types of information are more difficult to learn and later retrieve than others.
Knowledge of the relative difficulty of different types of information could be
a part of a learner’s metamemory. Such information could include how the
make-up of individual items affcets retrievability and could also include the
nature of the relationships among items. There is evidence that some kinder-
gartners and first-graders correctly believe familiar items are easier to re-
member (Kreutzer et al., 1975), and that 7-year-olds correctly believe that
easily named or identified items are casier to remember (Moynhan, 1973).
Interview data (Kreutzer et al., 1975) suggest that even most kindergartners
are aware that increasing the length of a list of items makes it more difficult
to recall.

In addition to knowledge about the individual units of information to be
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learned, metamemory might contain knowledge about how the relationships
between items affect the retrievability of the information. Moynahan (1973)
found third- and fifth-graders were significantly more likely than first-gra-
ders to correctly predict that sets of strongly categorized items would be
casier to recall than sets of items that were the same length but conceptually
unrelated. Salatas and Flavell (1976a) told fir st-graders the names of the
categories and the items within cach category, thus identifving the cate-
gorical organization. Later, the first-graders were shown an array which
grouped the items into categories and one which mixed them, and then they
were asked which, if either, would be casier to remember. Nine of the 12
first-graders who had beeu instructed to look at the items while the experi-
menter presumably prepared for another task, failed to select the cate-
gorically organized items as the array which would be easier to remember.
So even when first-graders have been made aware of the categories, they are
not sensitive to the fact a categorized list is easier to remember. Tenney
(1975) had kindergartners, third-graders, and sixth-graders generate and
recall lists of words. Although the kindergartners could generate lists of
words in the same category as a target word provided by the experimenter,
they were less apt than the older students to generate words in the same
category as the provided target word when they were told to make a list of
words that would be easy to remember. This again suggests the vounger
children were not aware of the advantage categorical organization provides
when retrieving information.

When interviewing children, Kreutzer et al. (1975) explored the pos-
sibility that they understood the relative case of learning and retrieving a
word that is the opposite of the word presented by the experimenter as
opposed to learning and retrieving a word that is unrelated to the word
presented by the experimenter. They found most kindergartners and first-
graders were unaware of this advantage for opposites while the third- and
fifth-graders were not only aware of it but could also often explain why.

Instead of examining organization of single items, Danner (1976) exam-
ined children’s sensitivity to the organization of sentences. Children heard
and attempted to recall two passages, each con: sting of 12 sentences. With-
in the 12 sentences, there were 4 sentences on each of three topics. Some-
times the four sentences on cach topic were grouped together and some-
times they were not. As would be expected, based on prior rescarch with
categorized materials, children showed better recall and were more apt to
group information by topic in their recall when the presented sentences
were grouped by topic. Later, the children were shown all 12 sentences,
each written on a separate card. They were told to select three cards to serve
as notes for future retrieval of the stories. Of 24 children at each age level, 21
twelve-year-olds, 15 ten-year-olds, and only 5 eight-year-olds selected one
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sentence from cach topic (the optimal strategy because it shows an under-
standing that one item from a group can help one remember other items
from that same group). -

Research on organization has also been conducted with other tvpes of
materials. Moynahan (1973) found 7-vear-olds believed they conld more
sasily recall the order of a sequence of colored blocks if all Dlocks of the same
color were grouped together than if they appeared randomly in the se-
quence. These data indicate that although children this young are not sen-
sitive to the facilitation that categorization provides when recalling verbal
materials, they are when working with a physical dimension like color.
Kreutzer et al. (1975) asked kindergartners, first-graders, third-graders, and
fifth-graders whether it wonld be casier to recall a sequence of pictured
objects if the pictures were simply presented in order or if the presenter
made up a story which connected the pictures. Significantly more of the
older children selected the story condition and gave an appropriate reason
for this choice. Once more, the older children were more sensitive to the
advantage of using words to organize the materials to be recalled. All the
children understood that the amount of space appearing between pictures
does not affect how hard or casy it will be to remember them. Interviews
(Mvers & Paris, 1978) revealed that both second- and sixth-graders believe
stories thev prefer to read will be easier to remember than nonpreferred
stories.

Thus far, our discussion of task variables has involved research on the
nature of the to-be-learned materials. Another factor that could aftect the
difficulty of retrieval is the demands made by the retrieval task. In Kreutzer
et al.’s (1975) interview study, the third- and fifth-graders, but neither the
kindergartners nor the first-graders, understood that it might be harder to
correctly learn a second list of people’s names immediately after learning a
similar list of other people’s names. This shows the third- and fifth-graders
appreciated the potential of confusing the two lists. Although only about halt
of the kindergartners appeared to think that studying longer would result in
recalling more of the objects pictured, almost all of the older children did.
Correspondingly, interviews by Myers and Paris (1978) found signiticantly
more sixth-graders than second-graders were aware that knowing whether
the goal of reading was to he able to recall the story word for word or in their
own words (gist recall) can lead the reader to use different strategies. Signifi-
cantly more sixth-graders reported they would or might do something differ-
ently if given one rather than the other task. The majority of both the
sccond- and the sixth-graders were aware that recalling a story in their own
words would be easier and require less preparation than recalling it word-

for-word.
Older children adjust how long they study to the length of the recall
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interval Ecmcmw Newcomb, & Kagan, 1974); 4-, 6-, and 8-vear-olds studied a
group of pictures and then attempted to recall them a few minutes later. 1
day later, or 7 days later. The children were then shown 40 pictures and :w_ﬁ_
they had to remember them for the length of time thev had previously
experienced. The 8-year-olds, but not the 6- or 4-vear-olds. studied longer if
they were in the I-day or 7-day conditions than if they were in the few-
minutes-later condition. .

The ability to predict performance also varies, depending on the nature of
the task. Levin, Yussen, DeRose, and Pressley (1977) had first-graders, fifth-
graders, and college students predict how many nouns they would be .;v_u_c to
recall or recognize from a list pronounced to them. The older the m:_:.mnmm
the more accurate their predictions of their recall. Subjects of all ages ?::_Qm
to underestimate the number of items they wonld correctly recognize. Speer
and Flavell (1979) found some kindergartners and many .m_.i-m_.:ﬁ_c; know
thev are apt to score better on a recognition test than c.: a recall test. Data
indicate the older elementary school children know that recognition tests are
less demanding than recall tests and that they clect to study differently ?w
them (Naus, Ornstein, & Kreshtool, 1977). . ’

 C. Strategy Variables.  Learners may develop knowledge of strategies
for storing information in their memories and for retrieving it. Flavell and
Wellman (1977) point out that in real life, people are most apt to encounter
open-book rather than closed-hook problems-—that is, thev are free to
search external sources such as hooks, magazines, and other cm..mc:m, memo-
ries, in addition to their own memories. School appears to be the main
setting where a premium is placed on closed-hook retrieval.

The children interviewed by Kreutzer et al. (1975) were asked what they
could do to be sure they did not forget to take their skates with them the :cw.ﬁ
day. Older children were able to think of more different things thev could ﬁ._c
to remind themselves, and all the children thought of more wavs n.,z?,_.:z_ to
themselves (putting the skates next to the door, having their _:wv:_: remind
them, writing a note) than internal (thinking about the skates, doing a mental
check the next morning of things they shonld do). A second interview item
which asked thent how they would go about remembering a birthday ?:.7“
to which they were invited vielded similar results. Yot another interview
item asked them what they did when they wanted to remember a phone
number. One third-grader clearly showed the use of cognitive strategics
(i,:u: she described using her age, her brother’s current age, and her broth-
ers age _u,ﬁ vear for remembering it. When presented a set of pictures of
clothing, tood, and body parts and asked how they would go about learning
them, most third- and fifth-graders described mc:wc::.:m planful und strate-
gic, such as grouping the similar items or rehearsing them.
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Children as voung as 3 and 4 years have been observed to use .zccacc:.m.ﬁc
strategics to recall a location. Ritter (cited in Flavell, Ewmv had young chil-
dren watch as a piece of candy was hidden under one of six identical cups,
hide their eyes while the turntable holding the cups was turned, and then
attempt to find the cup under which the candy had been _,:uccﬁ_. Children as
voung as four showed some understanding that it was useful to use one of the
markers provided by the experimenter to mark the cup hiding the candy
before the turntable was turned and that it would not help to add markers to
the other cups. Also, when Wellman et al. (1975) asked 3-year-olds to re-
member for 45 seconds which of several identical cups hid a toy, they
observed 3-year-olds using strategies such as touching the relevant cup and
rehearsing which one hid the toy to aid their memories.

Masur, McIntyre, and Flavell (1973) found that third-graders and oc:mmm
students who were given an opportunity to select half of a list of items for
additional study after they had attempted to recall them selected items they
had missed on the previous recall attempt, while first-graders app ,E.,QL to
randomly select items. The older subjects displayed the strategy of con-
om::m::\ﬁ on items they did not already know; however, among .%cmm swrc
chose this strategy, only the college students consistently gained from using
that strategy. Brown (1981) suggests that perhaps the younger students érc
used this strategy were unable to keep alive previously recalled items while
studying the previously unlearned items. This would _:Zc, produced losses
s\rmc\r counterbalanced the gains made through the use of the strategy.

Brown, Campione, Barclay, Lawton, and Jones (cited in Brown, .Hc‘\.mv
examined the ability of children to predict the outcome of using different
study strategies. Children viewed a four-segment video tape of a Hw-..ed:_.-c_ﬁ_
engaging in the study strategies of categorizing, rehearsing, labeling, ,.::L
looking as ways to learn a 12-item list of pictures. The majority of the first-
and third-graders correctly predicted that categorization and _.mrm..:.mm_.
would be the more effective study strategies while, although a majority of
the 4-year-olds selected either categorization or rehearsal, their choices
were fairly evenly spread across the four strategies.

Several studies have investigated the use of rehearsing as a strategy.
Flavell, Beach, and Chinsky (1966) gave 5-, 7-, and 10-vear-olds seven pic-
tures and then pointed to three that were to be remembered on that trial.
The children were observed for signs of verbal rehearsal by an experimenter
who could read lips. The observer saw only 10% of the 5-year-olds engage in
rehearsal on any of the trials while 60% of the 7T-vear-olds verbalized at least
once and 25% mmm:_.ﬂ:._v\ did so. Of the 10-year-olds, 85% verbalized at least
once and 65% regularly did so. Not only did more of the older children
rehearse, they also correctly recalled more of the pictures than the younger
ones. Alternative procedures have heen used by investigators to measure
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rchearsal. For example, Ornstein and Naus (1978) told their subjects that if
they thought about the stimuli, they should do so aloud. Although this
procedure makes it easier to measure rehearsal, it may also encourage the
children to engage in behaviors they might not use without the directions.
Locke and Fehr (1970) made electromyographical recordings which detect
inaudible verbalizations but do not detect their content. Regardless of the
procedure used to measure rehearsal, the studies find that rchearsal be-
comes a common learning activity at about 9 or 10 vears (Kail & Hagen,
1982).

Rather than use direct measures of rehearsal, other studies (Hagen & Kail,
1973; Hagen & Kingsley, 1968; Hagen, Meachman, & Mesibov, 1970) have
examined relicarsal inferentially by looking at how children recall a list that
must be recalled in the order presented. Adults generally recall the initial
stimuli in the list more accurately than subsequent ones. It is assumed that
this superiority is the result of their rehearsing these items, The fact that a
distinct advantage for the initial items is rarely found among children 8 or
vounger lends additional support for the conclusion that rehearsal is not
common in children younger than 9 or 10.

More complex strategies have also been investigated. For example, Press-
ley and Levin (1977) had fifth-, seventh-, and ninth-graders learn a list of 25
paired concrete nouns. Afterwards, they were asked how they had tried to
study them. Finally they were given three more pairs and were to describe
how they would have gone about learning the new pairs had they been a part
of the original list; 47% of the fifth-graders, 74% of the seventh-graders, and
93% of the ninth-graders reported some use of elaboration strategies such as
forming sentences or verbal phrases to link the pairs together or forming
interactive visual images to link them together. When tested over them,
students who consistently used elaboration correctly recalled more of the 25
pairs. Hence, the older the children, the larger the number selecting the
more cffective elaboration strategies.

Although most older students use some elaborative strategies, they are
not always able to predict which strategies are apt to aid retention. Hale
(1983) had 11th- and 12th-graders read a 24-paragraph passage on the history
of China and then complete and self-score a 12-item multiple-choice test
over half of its main ideas. Students incorreetly predicted that they would
have probably scored at about the same level if they had also taken notes
while they were studying. Students who wrote a summary of the main ideas
after reading cach paragraph incorrectly predicted they would have probably
scored at about the same level if they had only read the passage. The
students’ incorrect predictions show they were not sensitive to the positive
effect this strategy had on the immediate retention scores of those who had
written summaries. Similarly, the reading-only group failed to predict that if
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they had nsed the strategy of underlining during study they would have
scored higher: however. the reading-only group did predict that they would
have scored higher if they had tested themselves while m::_.i_dﬁ It should
be noted that these students” failure to predict higher scores for the strat-
egies of underlining and note-taking differs from the predictions repovted by
Brown and Siniley (1978) for similar aged students. .

Until now. we lave been discussing planning for future retrieval of infor-
mation. Now we turn to knowledge people have of strategies they can use to
retrieve previously stored information. Flavell and Wellman (1977) m:rﬁcﬂ.:
good first move is to sit and wait for the information to come to _.:::_. C:cc,;
becomes apparent that will not work, a deliberate scarch of memory _o_.
related information which might bring to mind the sought-for information is
a good second move. Finally, they sav the nost elaborate strategy consists of
using what one can recall to reconstruct “what ninst have been.” Kreutzer et
al. (1975) asked children what they could do to find a jacket they had lost.
The older children thought of more things they could do and ﬁ_cmo_‘.:%ﬁ_ more
complicated strategies (a step-by-step retracing of their whole day’s activities
or returning to the spot they last remembered having the ,_.,,:._ﬁ.; and retrac-
ing their movements after that). Drozdal and Flavell (1975) found that z_-,
though 9- to 10-vear-olds understand if an article is missing, the segment of
activities that must be scarched to locate it is that which begins with the last
place the article is remembered and ends with the first place where it is
missed, 5- to 6-vear-olds do not. When Kreutzer et al. (1975) asked children
what they could do to determine which Christmas they had received a dog as
a _:.cmc:m, an often-suggested strategy for the fivst-, third-, and m*,ﬁr-m_.:ﬁ_c_.m
was to ask the help of others. Not surprisingly, the fifth-graders gave some of
the more complex strategies such as cliecking the dog's papers or dog tag,
searching their memory Christmas by Christmas backwards until they
reached the Christmas when they had received the dog. and remembering
other things that had happened at the same time the dog arrived such as
other Christimas presents received.

One useful retrieval skill is to realize the need for and know liow to
conduct a thorough scarch for the needed information. Salatas and Flavell
(1976) asked kindergartuers, third-graders, and college students to uame all
items from a sct of items that had a certain property (for example, were
breakable or could be used outside). Only the college students spon-
taneously used the strategy of recalling cach of the items E:_,Lcc_.ﬁ__.:n
whether each exhibited the specified property, thns being careful to not
omit any of the items. Interviews (Kreutzer et al., 1975; Yussen & Levy,
1977) with elementary school children and older stndents show they will
often report it is important to conduct a thorongh scarch in ,<_:.cr. they A_cc_A
evervwhere. [owever, as indicated in the prior paragraply, these interviews
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also show older students can think of more strategies to use in attempting to
recall information. Older students are also more apt to develop plans that
inchude an ordering of subplans they could try (first 1 would do this. and if
that does not work, then [ would do this).

Flavell (1978) suggests another thing learners must come to understand is
using a picce of information they do not want to recall a

s a cue which may
lead to recalling the desived picee of information. 1le concludes that several
studies show learners gradually develop an understanding of iow to use
retrieval cnes. One example comes from the Kreutzer ot al. (1975) inter-
views where 20 of the 24 fifth-graders reported this type of approach to
remeniber which Christmas they received a dog as a present (recalling other
Christmas gifts from that vear). Yet another example comes from the Salatas
and Flavell (1976b) study where kindergartiers. third-graders, and college
students first learned lists of tools, clothing, and tovs so that they alwavs
recalled all items from a single category together and they alwavs recalled
the categories in the same order, Next. the students were asked to maume all
the items that had a certain property (for example, were breakable or could
be used outside). The majority of the college students silently recalled each
iter in order and said aloud those that exhibited the identified property. By
using this strategy, the college studeuts were using each itemn to lielp cue the
next item in the list they had learned to ensure none were missed oven
thongh this meant considering items that did not have the identified proper-
ty. Their strategy also had the effect of turning the recall task into a recogni-
tion task. Although third-graders could use this strategy when thev were
instructed to nse it, they did not spontaneously thiuk of using it

Brown (1978) identifies checking and monitoring as strategics learners
may usc to cnsure their recall is logical and consistent. Brown (1976) found
many preschoolers were not bothered by inconsistencies in their auswers.
Spedifically, they correctly said they had seen four pictures while hearing a
story but sclected six of the cight pictures provided when asked to select the
ones they had scen. Sensitivity to inconsistencies appears to develop at
diftereut ages for different subject matters, for even thongh Thicman and
Brown (cited in Brown, 1978) found children as voung as second-graders
refused to accept meaningfully inconsistent sentences as being in the same
story, Holt (1964) found children as old as fifth-graders accepted such ucon-
sistencies as saying both 245 + 179 = 424 and 245 + 179 = 524 are correct,
Yet another example of students failing to monitor their recall for reason-
ableness comes from an experiment where Morris and Resnick (cited in
Resnick & Glaser, 1976) first taught 5- and 6-vear-olds how to use blocks to
find the arca of rectangles. When the 24 children were next given a paral-
lelogram, 19 hegan to put the blocks on it as if it were a rectangle, evidently
not checking to deterniine whether the figure was a rectangle. When the
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experimenter said “That's wrong, you can't do that,” 12 persisted in leaving
the blocks on the parallelograin and simply rearranged them inan attempt to
achieve a closer fit. They blindly applied the rule they had learned without
checking to determine if their strategy was consistent with the problem they
had been given. Yet another study on learners’ checking and monitoring is
one Brown (1978) described, which investigated retarded learners’ flexibility
at selecting the appropriate strategy when the situation called for a change.
The children were presented several lists they were to recall. Changes in the
situation included suddenly presenting the same list over and over, ending
the need for active work on the items; and then suddenly presenting a new
list, reinstating the need for the memorizing strategy being used. The data
indicate that when compared with older children and adnlts, the younger
children took more time (1) to initially select the memorizing strategy they
would use for learning the lists, (2) to stop using the selected strategy when it
was no longer needed, and (3) to reinstate the strategy when it was again
needed.

Based on a review of the literature on the use of strategics, Kail and Hagen
(1982) conclude a general developmental trend emerges in the use of strat-
egies consisting of “(1) infrequent use of strategies among five- and six-year-
olds; (2) a transitional stage from seven to ten years of age. when strategies
may appear depending upon factors related to the strategy itself and to the
context in which the strategy is to be used; and (3) the first inkling of mature
strategy use at approximately ten years of age” (p. 351). Later, they modified
this conclusion to include the stipulation that “Even very young children
scem to have the intent to behave strategically: whether they will be able to
effect that intention will depend on the particular memory probleni and the
strategies appropriate to its solution” (p. 352). They identify such nonverbal
motor activities as pointing and looking as being areas that are more apt to be
in the strategic repertoire of young children. Regardless of when strategic
behavior initially appears, its use continues to develop. Older learners are
more flexible at selecting memory strategies that fit specific memory prob-
lems. It is likely that the developmental changes are linked to the growing
child’s increased metamemory, that is, knowledge about memory and knowl-
edge about the regulation of memory.

d. Interaction among Variables. Flavell and Wellman (1977) point out
that it is unlikely that people consider the person, task, and strategy vari-
ables in isolation. It is much more likely that they consider thentjointly and
adjust their activities to take into account the combined impact of the vari-
ables in any given situation. As an example, they cite the response from one
of the children in Kreutzer et al.’s study (1975), who, when asked whether
she would choose to study a list of words she was shown for 1 or 5 minutes,
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responded “There’s quite a lot of words here, vou kinow, and it would be
kind of hard to learn in just one minute.” The ._.ov.cc:mo indicates that the
child knew the variable of length-of-study could he adjusted to take into
account another variable, the length-of-the-list. Wellman (1978) looked at
children’s ability to combine variables. He found that while both 5- and 10-
vear-olds could correctly handle single variables (longer lists would be hard-
er to remember than shorter lists, and it would be harder to remember for
longer periods of time than for shorter periods of time), only the 10-year-olds
could combine these variables to make correct c_.m%oto:m about the relative
difficulty of remembering lists of varving length to be recalled after varying
time intervals. Hence, the available data suggest the ability to consider
variables jointly also improves with age. .

e. Summary. The metamemory research indicates learners become
more knowledgeable about memory and more skillful in using appropriate
strategies to enhance memory and retrieve information from memory as they
mature. This growth was found in learners” knowledge of both o:&:.i:m and
temporary person variables, knowledge of and response to task variables,
knowledge and use of strategies, and in their ability to consider the joint
effects of these variables. However, this growth is uneven (for example, the
ability to predict motor skill performance emerges earlier than the m_:__u? to
predict performance on verbal tasks). \

B. METACOGNITION IN COMMUNICATION AND COMPREHENSION

Although much work in metacognition has been done in the area of memo-
ry, work has occurred in other arcas, most notably the areas of communica-
tion and comprehension. Flavell (1978) reports that the classification system
for metamemory has been applied to the area of communication and may be
m@ﬁ:oa_, to the area of metacomprehension. This implies that people must
learn, for example, that messages may be incomplete, vague, or inaccurate;
or may be interpreted in different ways. If such metacognitions must be
acquired, then young children should not be as skilled as older learners at
monitoring communications. Based on a review of the literature, Flavell
(1978) points to evidence that young children will say they have understood a
message even when it is ambiguous or lacks critical information, are less apt
to question a speaker and ask for additional information than are older ones
and tend to blame all communication failures on the listener. ,

An example study from the area of communication is one by Markman
(1977), who told 6-, 7-, and 8-year-olds she was trying to Qc<m_ov directions
to teach children how to play games and do magic tricks. The children were
to judge the adequacy of her instructions for a magic trick and were to
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suggest revisions. The vounger children did not discover anything wrong
with her very incomplete directions until they attempted to do the trick.
Evidently. when they listened to the instructions, they did not atempt to
think through thie steps the instructions told them to do in order to test their
completeness and clarity.

A veview (Wong, 1985) of studies on self-questioning instructional re-
scarch reported that instruction which led high school seniors to locate
important ideas in text and to formulate questions which requived new
examples of that main idea or a paraphrased version of the main idea led to
improved comprehension in low-verbal-ability students. Ann Brown (1981)
and her associates have completed a series of studies which have looked at
learners” study strategies when they are studying school-like information.
They found that the ability to identify the main ideas in a passage is a
gradually developed skill. Brown and Smiley (1977) had the 55 idea inits in
fifth-grade reading level folk stories rated 1—4 in terms of their importance to
the theme of the story. This was accomplished by first having the subjects
listen to the story which had heen recorded on tape while they read the
story. The written story had cach idea unit printed on a separate line. After @
second reading. the subjects were instructed to mark out with a blne pencil
about one-fourth of the idea units which they judged to be least important.
The process was repeated two more times with different colors of pencils,
producing four levels of rated importance. Younger subjects were run indi-
vidually and given more specitic practice before data were collected. Eight-
vear-olds were unable to make reliable distinetions hetween levels of impor-
tance as determined by an independent group of college raters; 10-vear-olds
only distinguished between the highest level of importance and the rest of
the idea units; 12-year-olds accurately identified the most important and the
least important units, but were unable to distinguish between the two inter-
mediate levels of importance; while 18-year-olds could distinguish among all
four levels of importance. When these students read and recalled another
storv, all age groups most often recalled the important idea units and least
often recalled the uninportant idea units as identified by an independent
group of college raters. Pilot data (Brown, 1978) show an identical trend for
nursev-school children and kindergartners. Based on these data, Brown
(1981) concludes that “Apparently we spontaneously abstract the main ideas
of an oral or written commnunication even when no deliberate attempt to do
so is instigated” (p. 24). If this conclusion is correct, if learners are to re-
member more than the main ideas, they must planfully use strategies to
attend to and interact with other less important idea units which would
otherwise not be retained. Younger leamers are at a disadvantage because if
they cannot distinguish important from unimportant ideas, they do not know

which ideas need this extra attention.
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It is also true that learners can improve their recall of important ideas
through additional study time only if they can identify which ideas are the
more important ones. Brown and Smiley (1978) found seventh-graders and
older students given a passage to study in a study period cquivalent to three
times their reading rate, improved their recall of the important ideas within
the passage but exhibited no improvement for the less important ideas.
Their recall included little trivia and most of the important ideas. On the
other hand, vounger children did not profit as much from the extra study
time. If their recall of ideas improved, improvement occurred at the same
rate for ideas at all levels of importance so that their recall omitted important
ideas and included trivia. Fifth-graders and older students sometimes spon-
tancously took notes or underlined sections of the passage as they studied.
When they did so, they isolated ideas crucial to the theme of the passage.
Interestingly, students enconraged to underline and/or take notes failed to
show the same level of preference for important idea units shown by those
who spontancously used these study strategics, and these students’ recall
was inferior to that of the spontancons students.

Brown (I981) says that once efficient learners are sure they have mnmder-
stood the main ideas, they will start filling in the details. This can be done by
testing what one knows and giving attention to those ideas one does not
know (the process Sally used in the opening example in this chapter). Re-
searchers (Brown & Campione, 1979: Brown, Smiley, & Lawton, 1978) had
students study prose materials, sclect a subset of idea units that were printed
on cards and could be kept to aid them during recall (retrieval cues), asked
them to recall the material, gave them a rest period, and then repeated the
whole process. On the first trial, the majority of the learners at all grade
levels selected the most important idea units to keep as retrieval cues during
recall. Learners helow high school and as voung as fifth-graders continued to
select the most important idea units to keep as retrieval cues for all trials
while older students did not. On the second trial, college students selected
to keep the second most important idea units and on the third trial selected
to keep the third most important idea units and never elected to keep the
fourth level or least important idea units. Eleventh- and twelfth-graders kept
the most important idea units on both the first and second trials, even when
their recall showed they knew as much of the passage material as the college
students, and moved to the second most important idea units on the third
trial. Brown (1981) believes that the ability to select the most efficient re-
trieval cue (the most important idea units the student is not currently able to
recall) when studying text develops late in learners” school careers ,.ﬁ.:cc, to
use it, learners must (1) ascertain what parts of the text they do and do not
know, (2) be able to distinguish among all levels 3,::_::.9:.2 of idea units
and (3) know that the best strategy is to select retrieval cues consisting c:_:,,
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most important idea units they were unable to recall on :E:A. last recall
attempt. It appears that although learners who are as young as :E..L-E.m&c_.m.
(Masur et al., 1973) can accurately select for additional study pictures of
objects they failed to recall (a version of the strategy used by the older
students), only much more experienced learners can apply the strategy to
text learning.

Yet another important study skill that has been studied by Brown and her
associates is the skill of writing suramaries of information. Just as the selec-
tion of the most efficient retrieval cues is dependent on decisions about the
relative importance of idea units, so are the decisions about what to include
and what to omit in a summary. In order to differentiate between what the
researchers (Brown, Day, & Jones, 1983) believed to be the automatic result
of comprehension (a bare outline of the main points of a passage) and the
results of deliberate planful activities of the learner, they ._;Q_ ~.m_.,_:<e._.<
complex study materials consisting of 500-word 60-idea-unit folk stories writ-
ten at the fifth-grade level. Fifth-graders, seventh-graders, m_o<o:~r-n_.mn_n.;.m
and first-year-college students who volunteered for the study were in-
structed to learn two of the folk tales perfectly by studying them at home for
1 week. Students were asked to write hoth stories from memory and only
those who recalled 70% or more of the story idea units were used for the data
analyses. After a break, they were given a sheet of paper plus some mo_.:ﬁor,
paper and a copy of the story. They were asked to write a summary of one of
the two stories they had learned. The story was randomly sclected by the
experimenter. After a break, the students were asked to 45.:@, a mmoc.:a
summary limited to 40 words. They were provided a sheet of paper contain-
ing 40 blanks at the bottom with blank space on top where they could write
drafts if they wished. Finally, they were provided with a similar sheet and
asked to write one more summary of the story; only this time, they were
limited to 20 words. The idea units in the folk stories had been rated 1-4 for
m_dvclm:ow to the story by independent groups of college students. In all :H.m
summaries, the seventh-graders, eleventh-graders, and college students pri-
marily included idea units from the top two levels of importance. Less
::Uc»n:: idea units showed up in the first, unlimited summary _:;. disap-
peared from the limited summaries. College students were able to include
more idea units in the same number of words than the younger students.
The voungest students, the fifth-graders, performed differently. In their
unlimited summaries, they included more of the most important idea units
(Ievel 4 units) but showed no preference for the next most important level of
idea units (level 3) over the lesser ideas (levels 2 and 1); however, when
limited to 40 words in their summaries, they included more level 4 units
than any other level, and more level 2 and 3 units than level 1 units. <<r.n,:
limited to 20 words, they dropped the level 2 units and ended up with
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sunmmaries similar to those of the older students. Of the idea units in the
summarics of the fifth- and seventh-graders, 27% were verbatim and 57%
were near verbatim from the original story, while only 28% of the idea units
in summarics of the eleventh-graders and college students were verbatim or
near verbatim. Brown et al. (1983) point out that the copy—delete strategy
used in the younger students” summaries is also the most common strategy
used by students in grades five through seven when taking notes or outlin-
ing.

In a series of threc experiments, Brown and Day (1983) examined more
closely how students go about writing summnaries and found students at
different grades use different strategies for summarizing texts. Fifth-graders,
seventh-graders, tenth-graders, and college students were equally efficient
at using the strategies of deleting trivia and deleting redundancy from the
original text and used these strategies almost every time they could appro-
priately be used. The older students more frequently used effective superor-
dinates to replace strings of similar specifics (for example, “flowers” for
“daisies, poppies, marigolds, and lilies”) than the vounger students, and
students of all ages more frequently did so when the summaries were limited
to 60 words than when no limit was given. The older the students, the more
likely they were to sclect topic sentences from the text to be mcluded in
their summaries. When college students’ summaries were limited, they
contained fewer of the topic sentences, perhaps because they, like experts,
resort more to combining across paragraphs when limited. The fifth- and
seventh-graders seldom invented or created topic sentences appropriate for
the text hut not found in it, and tenth-graders used this strategy on only
about 33% of the appropriate occasions while college students used it on only
about 50% of the appropriate occasions. These strategies of deleting trivia,
deleting redundant information, selecting topic sentences, and inventing
new topic sentences could be a part of students’ metacognition. Are learners
aware of these strategies for summarizing information? Brown and Day
(1983) found fourth-year graduate students in a university’s English depart-
ment who had taught freshman rhetoric courses at least twice were unable to
specifically identify these rules which they used when writing summaries
until after they had engaged in summarizing a text while simultaneously
talking aloud about the steps they were taking.

Yet another difference (Brown et al., 1983) found between vounger and
older students” summarizing hehaviors was that significantly more eleventh-
graders and college stndents showed evidence of planning (preparation of
rough drafts) before writing their summaries than fifth- and seventh-graders.
Fifth- and seventh-graders who planned wrote summaries that contained as
many idea units from the second half of the passage as from the first half,
while those who failed to plan included significantly fewer idea units from
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the second half of the passage suggesting they quit when they ran out of
spaces for words on their answer sheets. The older students. on the other
hand, were able to include idea units from both halves even when they did
not plan.

Rvan (1984) asked 90 nndergraduate students, predominantly freshmen,
enrolled in a Fundamentals of Psychology conrse to deseribe how they de-
termined they had understood reading material assigned for the course. Of
the 15 different monitoring criteria found in their responses, 7 involved
recalling information from the text, and 8 involved more complex processing
(e.g., “Integrate different parts of the text into a common framework,” “De-
vise examples of principles and concepts,” and “Determine relationship
between each text section and its heading™ {p. 252]). The most frequently
reported criteria were “Recall information from text in response to study
guide questions” (n = 30), "Recall information from text as part of mental

3

review” (n = 23), “Determine the meaning of individnal sentences™ (n =
23), and “Paraphrase the text” (n = 21) (p. 252). Nine or fewer students
reported the remaining criteria; 54% of the students reported more than one
criterion. Those reporting eriteria involving hoth recall of text information
and more complex processing earned ligher course grades than did students
reporting only criteria involving recall. Sinee 40% of the students reported
only recall-monitoring criteria, we may conclude that many college students
could develop hetter text-comprehension-monitoring criteria.

Consistent with the metamemory rescarch, metacognitive res sarch indi-
ates that as lcarners mature, they gradually become more effective at com-
municating and comprehending. For example, they are better able to identi-
fv main ideas, to use their knowledge of main ideas to direct study, and to
sumnmarize text. Improvement was evident among college students, indicat-
ing growth continues to occur after students complete high school.

C. MEITACOGNITION IN PROBLEM SOLVING

People doing rescarch on metacognition hope to identify strategic pro-
cesses that will apply generally to all types of problem solving, rather than to
specific areas such as memory and comprehension. Brown (1978) identified
several strategic processes learners might acquire to assist them in being
effective problem solvers. These are (1) predicting one's limits as a learner,
(2) being aware of the strategies one knows how to nse and when cach is
appropriate, (3) identifving the problem to be solved. () planning and
scheduling the appropriate strategices, (5) monitoring and supervising the
effectiveness of the plans that are used, and (6) evaluating the effectiveness
of the preceding five strategies so that the problem solver knows when to
end work on this problem. In fact, she speculates that the metacognitive
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sarily different from those used in
intelligent control of one’s actions for remembering and hence those de-
scribed in this chapter.

processes of problem solving are not neces

D. TrACHING METACOGNITION

Researchers have attempted to teach metacognition. Many carly attempts
tocused on teaching very specific metamemory knowledge and strategies.
For example, Brown (1978) described a series of studies in which mildly
retarded children with mental ages of 6 and 8 were taught to know when
they were ready to recall, to select previously missed items as those for
additional study when learning a list, and to accurately estimate their memo-
ry spans. She summarizes them by saving that the teaching must be very
explicit about what the child is to do. and the teacher may need to con-
tinually remind the child to nse what was taught. She also observed that in
all the studies, the teaching effects were short-lived for the vounger children
but more durable for the older children. Brown (1978) sumuarizes the
research on older children’s ability to geueralize what they had been taught
to similar vet different sitnations as follows: “the only tangible effect of two
vears of training was to alert the children to their own memory deficiencies,
but not to possible mcthods of overcoming them, a less positive outcome
than we would have wished™ (p. 126).

More recently, there have been more successful attempts to teach more
general metacognitive strategies. Two examples are deseribed. In the first
example, students were tanght how to ask questions while reading text,
which would increase their comprehension of that text, whercas in the sec-
ond, students were taught strategies which wonld make them better able to
summarize information they read to possibly aid their comprehension of it

Palincsar (cited in Brown, 1981) worked every day for about 40 days with 4
seventh-grade -minority children who could decode fifth- to seventh-grade
reading materials but comprehended at the second-grade level. The sessions
alternated between baseline sessions and teaching sessions. During baseline
sessions, the children read stories and answered comprehension questions
over them. During the first baseline session the children correctly answered
about 15% of the comprehension questions. For the first teaching session,
the children were given corrective feedback in which they were asked ques-
tions about a story they had read, and then were provided with the correct
answer, the location of the answer in the text, and were told whether the
information was in the text or had to be inferred from the text. Each day
following the teaching, the children independently read another passage and
answered comprehension questions over it. During the corrective feedback
phase of the stndy, they gave correct answers to approximately 50% of the
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comprehension questions over the independently read passages; however,
their performance varied considerably from day to day. During a second
baseline phase, the children maintained their performance at the 50% cor-
rect level. The second teaching phase consisted of strategy instruction in
which the teacher and student took turns asking one another questions about
the story the child had read. The teacher asked two types of comprehension
questions: hypothesis testing and prediction making. She was serving as a
model the students could copy when they asked their questions of her. At
least one of the children was provided a second strategy teaching phase after
a third baseline period. By the end of the strategy teaching phase(s), the
children’s comprehension on the passages they read independently follow-
ing the daily teaching sessions rose to 80-90% correct. The teacher’s model-
ing of comprehension questions changed the children’s comprehension of
stories they read independently of the teacher.

Day (cited in Brown, 1981) taught junior college students to use the
summarization strategies of deleting redundant information, deleting trivial
information, writing superordinates for any lists, underlining topic sentences
found in the text, and inventing topic sentences when none were provided in
the text. Prior research (Brown & Day, 1983) had shown that although junior
college students effectively used the two deletion strategies when summariz-
ing text, their use of the remaining three strategies was comparable to that of
seventh-graders and below that of college freshmen. In one study, Day
(cited in Brown, 1981) gave normal students (defined as those who had no
diagnosed reading or writing problems) and remedial writers (defined as
students with diagnosed writing problems but no diagnosed reading prob-
lems) 3 days of instruction in small groups. Each student received one of four
types of instruction. Students provided “self-management” instruction were
encouraged to write good summaries by including main ideas and omitting
trivia and unnecessary words. “Rules” instruction consisted of explicit in-
structions and modeling in the use of the five strategies being taught. Stu-
dents in the “rules plus sef-management” group were provided a combina-
tion of the first two approaches, while students in the “control plus monitor-
ing” group were not only taught to use the strategics but were also shown
how to check whether they had used each of the rules every place they
could. In a second study, a third group of junior college students who were
diagnosed as having both reading and writing problems was provided indi-
vidualized instruction for an unspecified length of time. All the students
given instruction on the rules showed significant improvement in their use of
the strategies following instruction; however, the more explicit the instrue-
tion, the greater the gains. For all types of students, rules plus monitoring
was best, rules plus self-management next best, and rules was next best,
while self-management produced nonsignificant gains. Poor writers only
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achieved at the level of 4-vear-college freshmen if they had received the
most explicit instruction—that is the rules plus monitoring. At least some of
the gains were still evident 2 wecks after instruction. A significant interac-
tion revealed that average writers profited the most from the instruction,
poor writers the next most, and students who were both poor writers and
poor readers profited the least.

Brown (1981) believes the five strategies taught to these junior college
summary writers are specific examples of the macrorules of deletion, super-
ordination, selection, and invention. Furthermore, she believes that these
macrorules “are general rules underlying comprehension of texts” (Brown,
1981, p. 31). If students have mastery of these rules or forms of these rules,
they can understand text and hence should be able to be successful in school.

In the examples of teaching metacognitive strategics described thus far,
learners have been taught specific metacognitive strategies but have not
been explicitly taught information about how the strategics work. Pressley,
Borkowski, and O’Sullivan (1984) describe and review relevant literature on
three different methods for adding to strategy instruction information about
how strategies work. This information about strategies can include “knowl-
edge about a strategy’s goals and objectives, tasks for which it is appropriate,
its range of applicability, the learning gains that can be expected from con-
sistent use, effort associated with its deployment, and whether the strategy
is fun to use” (Pressley, Borkowski, and O’Sullivan, 1984, p. 96). Their three
methods are (1) the luissez-fuire method, which provides learners experi-
ence with strategies from which they can draw conclusions about the strat-
egies, (2) the explicit provision of metamemory method, which provides
learners with explicit information about how strategies work, and (3) the
metamemory acquisition procedures method, which has learners use pro-
cedures designed to produce understandings about how the strategy works.

The studies reviewed in this section thus far have been examples of the
laissez-faire method because students were given experience with strategies
and could draw conclusions about the strategies from those expeviences. A
series of five experiments (Pressley, Levin, & Ghatala, 1984) using the
laissez-faire method to teach strategies indicate when learners are taught to
use two different strategies for different examples of the same learning task,
both adults and fifth- and sixth-graders tend to select for a new. similar task
the strategy they have been told is more effective if their selection is made
before they have been tested over the material they learned using the two
strategies. However, if they select the strategy for the new, similar task after
they have been tested over the original materials, adults select the strategy
by which they learned the most even when it disagrees with what they have
been told, while the fifth- and sixth-graders tend to persist in selecting the
strategy they were told was better despite the evidence to the contrary.
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Only when children in grades 5-7 were provided feedback which told them
how many correet answers they had given with cach strategy did they select
the more effective elaborative strategy. Thus, the available data suggest the
laissez-faire approach is more effective for adults than for children.

A taught strategy is useful only if the learner continues to use the strategy.
Elliott-Faust and Pressley (1986) examined varions ways of teaching third-
graders to detect inconsistencies in stories they heard. Three of the groups
were initially asked to give an examnple of something that did not make sense,
given feedback as to the correctiiess of the example, and provided a meaning
for what making sense is. Two of these groups were then provided strategy
instruction. One strategy group was taught to compare ach pair of seu-
tences they heard to sce if they made sense and to check the whole story
they heard to see if what theyv had just heard made sense when compared
with carlier parts of the story. Children in the other strategy group were
given identical instruction, plis they were taught to ask themselves a series
of four questions designed to help them self-monitor strategy use (“What an
I supposed to do?” “What is my plan?” “Am 1 nsing my plan?” and “low do
I do?” [p. 29]). Both strategy instruction groups correctly detected more
inconsistencies in stories they heard immediately after instruction than did
the group given only a definition. However, only the third-graders provided
self-monitoring training maintained that superiority on a delayed post-test
one week later. Continued use of the strategy was dependent upon the
inclusion of instruction on how and when to apply the strategy.

In another study (Ghatala, Levin, Pressley, & Lodico, 1985) which exam-
ined continued use of strategies, sceond-graders were first taught that some
ways of plaving ganies are better than others beeause they result in better
performanee, or that some ways of playing games are better because they are
more fun, or no criteria for seleeting between ways of plaving games. After
learning a list of paired concrete nouns using any strategy they chose, stu-
dents were taught the strategy of making up sentences to connect words in
cach pair. When they used this strategy to learn a second list of paired
nouns, they learned more words clearly indicating the sentence strategy was
effective. When given the freedom to nse any strategy they wanted to help
them remember as many words as possible on a third list given immediately
after the second list, a fourth list given one week after the initial session, and
a fifth list given nine weceks after the initial session, students who were first
taught that some strategics are better because they result in better perfor-
mance were more likely to continue using the sentence strategy than chil-
dren in either of the other two groups. Strategy maintainence was enhanced
by teaching the children to monitor how effective strategics are.

“In addition to durability, a strategy’s nsefuluess depends upon whether
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the learner applics it to many different situations for which it is appropriate.
Using a strategy in a new and different situation is called transfer. An exam-
ple of the explicit provision of metamemory method, a study by O’Sullivan
and Pressley (cited in Pressley, Borkowski, & O’Sullivan, 19%4), examined
its eflects on transfer. Fifth- and sixth-graders were provided instruction on
an elaborative strategy for learning pairs of items (a list of city—product
pairs). Children whose instruction either included telling them both when
the strategy could appropriately he used and how it could be applied to other
types of materials or the preceding information plus experience with apply-
ing the strategy to three diverse situations learned more of the items on a
new, transfer list consisting of Latin vocabulary words than children whose
instruction cither included only experience with applying the strategy to
three diverse situations or experience with the steps in using the elaborative
strategy taught to all experimental groups. Based on these data and those
from related studies, Pressley, Borkowski. and O’Sullivan (1984) conclude
that “transfer is more likely when strategy instruetions include information
about how, when, and where to usc a strategy” (p. 101).

In the metamemory acquisition procedures method for teaching strategics,
the instruction includes exercises designed to help the learner derive infor-
mation about the strategy being taught. For example, Lodico, Ghatala,
Leviu, Pressley, and Bell (1983) taught 7- and 8-vear-olds to monitor or
evaluate their performances when using different ways of accomplishing the
same task. Subjects drew circles freehand and with the aid of a cookie cutter:
then they memorized lists of letters which were in a random order and which
were organized so they spelled the children’s names. Following each pair of
activitics, subjects given monitoring instruction were asked questions which
made them evaluate their relative performances and helped them identify
which of the two ways was more effective for that task. This gave these
subjects practice at monitoring or evaluating the effectiveness of the alter-
native strategics they had used. All subjects were then given two additional
types of tasks. One was learning pairs of items and the other was learning a list
of items which could be recalled in anv order. For cach of these tasks. the
subjects were taught two different strategies, which were applied by the
children to different examples of each task. After using both strategics for one
of the tasks, the children were asked which list they had learned better and
why they had learned it better. For both tasks, the majority of the children
who had and had not been given monitoring instrnction correctly identificed
the list on which they had given the better performance; however, a greater
percentage of the children who had been given monitoring instruction re-
ferred to the strategy as the reason for their better performance than did those
who had not been provided monitoring instruction. “inally, a third example
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list was learned for each task, with the children free to use either strategy they
wished. On these third lists, a larger percentage of the monitoring-trained
children used the more effective strategy and said thev chose it because they
thought it would help them learn more of the list. Hence, :st.w is evidence
that providing learners with experiences which can provide information about
the strategies (in this example, questions which forced the learners to com-
pare the effectiveness of the two strategies taught) can help learners select the
more effective strategy for future, similar tasks. However, Pressley,
Borkowski, O’Sullivan (1984) point out that not all research :m_.:n, the meta-
memory acquisition procedures method has resulted in similar ?S:nﬁc:.

In m_.:E:E..F various metacognitive strategies have been successtully
taught to learners. There is evidence that incorporating into :_F. instruction
information about when a strategy may be used, how to modity the strategy
for different situations, and its effectiveness for promoting learning may
facilitate the continued use of the strategy and its transfer to new, appropri-
ate settings.

E. RELATIONSHIP BETWEEN METACOGNITION AND BEHAVIOR

Much of the interest in metamemory came from the assumption that
learners” knowledge about how memory works would influence their memo-
ry-related behavior. Studies have shown discrepancies between learners’
a‘mm%c:mcm to metacognitive questions and their behaviors. Brown, Camp-
ione, Barclay, Lawton, and Jones (cited in Brown, 1978) found that although
the majority of 4-vear-olds, first-graders, and third-graders correctly pre-
dicted that the study strategics of categorization or rehearsal would be supe-
rior to the strategies of labeling or looking for learning a list of _N pictures,
only 22% of the 4-year-olds, 36% of the first-graders, and 77% of the third-
graders who had made correct predictions proceeded to use the strategy
they had predicted to be best when they were asked to study the 12 pictures
using any strategy they wished to learn as many of them as possible. Flavell,
Beach, and Chinsky (1966) found 25% of 31 five-, seven-, and ten-year-olds
who were observed verbalizing the names of pictures, an effective memory
behavior, did not report that they had. Salatas and Flavell (1976a) had first-
graders either look at or study with the intent to remember a group of
pictures which could be categorized. They were then shown an array which
was organized by categories and one which mixed the categories and were
asked which, if either, would be easier to remember. Six wecks later, the
children were given a new set of pictures which could be categorized. Those
first-graders who had said the categorized list would be easier to remember
did not tend to categorize the new list any more frequently than those who
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had not. These studies demonstrate that rescarchers have not always found a
clear correspondence between awareness and behavior.

Flavell and Wellman (1977) argue that the relationship between metacog-
nition and behavior is likely to be quite complex and variable because mem-
ory behavior i any one situation will reflect the interrelationship of the
situation, the possible behaviors, and the subjeet’s awareness or knowledge
about memory. They detail several reasons why there might not be a one-to-
one correspondence between behavior and metamemory, including the no-
tion that we do not always do what we know we ought to do. Flavell (1978)
suggests that on some occasions no metamemory oceurs; that is, something is
accidentally stored in memory or accidentally retrieved without the student
intending to. A learner may engage in strategies such as rehearsal that are so
habitual that theyv may be used without being initiated by metacognitive
processes. He also suggests that if new knowledge about how memory works
(metamemory) is not vet well established, it may not be used when appropri-
ate occasions present themselves. It is also possible that nictamemory may
oceur too late to influence behavior; that is. after a learning episode is over,
the learner may thivk of some strategy she or he could have used that would
have been more effective. Sometimes the learner may be unwilling to invest
the time and effort necessary to enact the strategy metamemory savs would
be best. Metamemory should influence behavior when that knowledge will
help the learner accomplish a goal and when the learner wants to accomplish
that goal badly enough to exert the time and energy dictated by the metame-
mory.

One of the problems in determining the relationship between metacogni-
tion and behavior is selecting a way to accu rately measure metacognition.
Brown, Day, and Jones (1983) found that when fifth-graders were forced to
limit summaries they wrote of folk stories they had learned to 20 words, thev
included only idea units that had heen rvated by independent groups as being
the most important (level 4) and next most important (level 3) idea units and
omitted idea units rated least important (levels 2 and 1), indicating that fifth-
graders are sensitive to small differences in levels of importance. This coun-
tered prior findings from studies on note-taking, underlining, and selcction
of cues for help in recalling information, which had suggested fifth-graders
can differentiate the most important (level 4) ideas from the rest but are
unable to differentiate between ideas of lesser importance (levels 1-3). Also,
as reported earlier in Section I11. B, Brown and Day (1983) found fourth-year
university English graduate students who had taught freshman rhetorie
courses at least twice were unable to clearly identify strategies they had used
to write summaries of text 2 weeks earlier, but they were able to identify

them when asked to talk aloud while summarizing a second passage. Find-
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ings such as these elearly indicate that how researchers go about measuring
awareness influences whether rescarchers find learners are aware of infor-
mation they could have as a part of their metacognition.

F.  ACQUISITION OF METACOGNITION

It is generally assumed that metacognition is m_.:ﬁ_:z.:% acquired ::.c:m_w-
out development as learners experience new and varied L.n::::_m on their
cognitive skills. Hagen (1971) suggests that through learning experiences,
learners come to realize that they can control how much they learn 7.<. the
activities or strategics they nse. Flavell and Wellman (1977) _w%_,u,c:#.mﬁ.mﬁ_
that metamemory might develop through a process like Piaget's “reflective
abstraction,” which they interpret as “the child abstracts and _x:‘_.:m:mi_.«,
incorporates into his cognitive strncture generalizations c_w regularities con-
cerning the properties of his own actions vis-a-vis the m:<.:.:::n:ﬁ as con-
trasted with knowledge about the environment itself that derives from “phys-
ical abstraction”” (pp. 29-30). ‘

Salatas and Flavell (1976a) had one group of first-graders simply inspect a
set of pictures and had another gronp do whatever they wanted to rc_._u them
remember the pictures. Both groups were asked to recall the _:n..:_?.m.
Children told to do whatever they wanted to do to remember the pictures
were more apt to spatially group pictures in the same category ﬁr::.ém_.m
children told to inspect the pictures. Subsequently, when asked to ._.E_mn
whether a categorized or an mucategorized set of items wonld be casier to
remember, children who had been instructed to remember the :v..ﬁ ém.:w
more apt to sclect the categorized set of items. It is possible ﬁ._:: their prior
experience with categorizing the pictures influenced their subseqnent
judgment.

g Mw a series of five experiments, Pressley, Levin, and Or:r.:m C.@mb tanght
subjects two different strategies for learning the meanings of foreign vocabu-
lary words. One strategy was an ineffective strategy and the other was an
em.mo:,ﬁ elaborative strategy. While being taught the strategies, some of
the subjects were incorrectly told that the ineffective strategy was more
effective than the other, truly effective strategy. The subjects :F.:, learned
the meanings of a list of 24 foreign vocabulary words using each of the two
strategies for half of the words. After they had learned Emmm.éc_.ﬁ_f the
subjects were informed that they would be given a second list of vo abulary
items and told they conld elect to nse only one of the two strategies to learn
this new list. Ifadults were asked to select the strategy for the new list before
they were tested on the original list, those who had been 57::0,_._:.02 about
the effectiveness of the two strategies tended to choose the ..:o.mco:ed strat-
egv. On the other hand, if the adults were asked to select their strategy for
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the new list after they were tested on the original list, the majority of the
adults sclected the effective strategy. Interviews indicated that their perfor-
mances on the test over the original list told the adults that the effective
strategy had produced greater recall. When fifth- and sixth-graders experi-
enced these same conditions, they persisted in choosing the ineflective strat-
egy even if they chose after they had been tested on the initial lists. These
data suggest fifth- and sixth-graders are not as proficient as adults in using
the results of their experiences to aid them in sclecting the more effective
strategy for future learning situations.

Kail and Hagen (1982) and Brown (1978) indicate some theorists argue that
schools” unique demands for the use of memory strategies results in children
developing the metamemory necessary for school success. Kail mid Hagen
(1982) report that cross-cultural rescarch consi stently shows that “unedu-
ated persons generally hehave in v ays akin to young Western children——
that is. these individuals rarely use mnemonics on memory tasks when it
would be advantageons to do so™ (p. 353). There are possibilities other than
the lack of schooling which could account for these differences: however,
they point to studies that rule out the two alternative explanations that
school children might do better because they are more familiar and more at
ase with laboratory-like tasks and scttings, and that uneducated persons’
failure to use strategies is hut one instance of deficient cognitive skill in
illiterate people. They conclude their discussion with two cautions: (1) we
know little abont how schooling fosters children’s acquisition of strategies
and the associated mnemonic knowledge, and (2) data indicate voung chil-
dren are capable of at least some forms of strategic hehavior long hefore they
enter clementary school.

V. IMPLICATIONS FOR PRACTICE

What emerges from the review of the literature on metacognition is a
description of learners becoming increasingly knowledgeable about their
memory capabilitics, how various factors influence their memories, how
various variables work jointly to influence their memories, and the strategies
which may be used to facilitate various types of learning and memory. They
become increasingly skillful at monitoring what they do and do not know,
monitoring what they have and have not recalled. monitoring their produc-
tions tor logic and consistency, identifving a variety of approaches to take in a
given situation, planning a systematic approach for a given situation, select-
ing strategies which fit the situation, identitying when a strategy is no longer
uscful, selecting appropriate retrieval cues, and condueting thorongh memo-
ry searches. The skillful nse of strategics emerges at different ages for differ-
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ent types of materials. Although children as voung as 3 years have been
observed using appropriate strategies to aid the recall of the physical location
of an object, and although the use of appropriate strategies for verbal items
becomes common 7.< age 10 years, the ability to use appropriate strategies
for more complex text material continues to improve during college.

When compared with older persons, school children not only have less
background information to which they can relate the new information they
are being taught, they also know less about how to go about learning new
information. During their school vears they are not only learning new infor-
mation about their world and the understandings and insights of those who
have lived before them, they are also learning about themselves as learners
and how to cfficiently go about learning and remembering information.
Admonitions to study the important information from the material they read
will not be helpful to students who are unable to distinguish between the
levels of importance of the ideas being studied. Telling students to underline
as they read to aid them in their study or to take notes while studying may
not be very helpful if they are not able to select the more important ideas for
underlining or outlining. Advising students to concentrate their study on the
parts they do not yet know will be of little help to students who cannot
accurately judge what they are and are not capable of recalling. Teachers
must be sensitive to and alert for the possibility that their students may not
know how to go about studying, and may not have the prerequisite knowl-
edge and skills needed to profit from general advice on how to study.

In an area as new as metacognition, one must be especially cautious when
attempting to generalize to typical classrooms. The following are tentative
suggestions based on the literature. As the literature in the area continues to
grow, more specific and less tentative recommendations will become
possible.

If a teacher decides to allocate instructional time to metacognitive or study
skills, the literature would suggest that the teacher specifically identify the
skills to be taught and develop a plan whereby they are explicitly taught, not
implied or generally described. When selecting study skills to teach, the
teacher would be wise to consider how generally applicable thev are. More
generzl skills like those for summarizing or comprehending text would be
more useful to students than more discrete skills such as being able to
predict how many objects one will be able to recall after briefly looking at
them. When teaching the skills, the teacher might begin by demonstrating
the behaviors for the students. Additionally, the teacher should provide the
students with opportunities to practice the behaviors, give the students
feedback on how successtul their attempts are, show the students how to
monitor their own work to sec if they have successfully implemented the
new skills, and include information on when and where to use the new skill
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There is evidence that if learners are made aware of the fact that a strategy
does enhance their learning, they are more apt to start using the st A.,:om.«‘
(Paris, Newman, & McVey, 1982) and are more apt to continue using ~..~
A0u<.é::mr & Borkowski, 1979). Additionally, research suggests that includ-
ing information about both when to use a strategy and how to modity it for
various situations may increase the probability students will transfer the
strategy to new, appropriate settings; hence, the teacher would be wise to
provide the students with that kind of information.

As you read the remainder of this text, vou will learn some of the things
skilled learners are known to do to help them encode and retrieve informa-
tion. These are strategies and understandings you might select to teach vour
students if they lack them. ‘
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. INTRODUCTION

Previous chapters in this volume have described in detail the information-
processing view of learning. The importance to learning of such cognitive
processes as metacognition, attention, encoding, schema formation, and ve-
trieval were well documented. The purpose of this chapter is to discuss how
these processes can be used by students as learning tactics and strategies. In
general, learning tactics and strategies are specific techniques (in the case of
tactics) and general plans (in the case of strategies) that facilitate the achieve-
ment of one or more instructional objectives.

Although most research on learning tactics and strategies is of fairly recent
origin, having been published since 1970, it represents a long-standing,
basic goal of inquiry in educational psychology—understanding and improv-
ing classroom learning. That goal was well expressed by John Carroll (1963),
who wrote,

The primary job of the educational psychologist is to develop and apply knowledge

concerning why pupils succeed or fail in their learning at school, and to assist in the

prevention and remediation of learning difficultics. (p. 723)

Despite some conceptual and methodological problems that are discussed
throughout the chapter, research on learning tactics and strategies gives
every indication of making a major contribution to that goal.

A, WHAT ARe LEARNING TACTICS AND STRATEGIES?

Although learning may or may not he thought of as the educational equiv-
alent of war, it should be recognized that tactics and strategies are military
concepts with very specific and different m ranings.
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Webster's New World Dictionary of the American Language (1972) de-
fines strategy as “the science of planning and divecting large scale military
operations, specifically . . . of mancuvering forces into the most E_,.::m
tageous position prior to [italics added] actual engagement with the enemy
(p. 1407). , |

Tactics, on the other hand, is defined as “the science of arranging and
maneuvering military and naval forces in action [italics added] or before the
encmy, especially . . . with reference to short-range objectives™ (p. 1448). A
secondary m saning given by Webster's is any methods used to gain an end.

FQ:._:._E is defined as “the change in a subject’s _x,_,::;.c_. or _Vl::._.c._.
potential to a given situation brought about by the subject’s repeated experi-
ences in that situation” (Bower & Ililgard, 1981, p. 11). Such changes,
according to Jamnes Jenkins (1979) and John Branstord (1979) arc governed by
the following four classes of interacting variables:

1. Learner activities: The cognitive processes learners use to encode,
store, and retrieve information.

2. Learner characteristics: The enduring attributes individuals possess
that affect the encoding, storage, and rvetrieval of information.

3. Learning material: The tvpe aud structure of material that must be
encoded, stored, and retrieved.

4. Criterial task: The type of assessment that is used to evaluate leaming.

Jenkins (1979) and Bransford (1979) refer to these four classes of a:;.z??i as
constituting a tetrahedral model of learning. An important aspect of the
tetrahedral model is that these classes of variables are interactive. For exam-
ple, a particular learner activity may enhance performance Q.Em:_c:__.v_%
more for low-ability than high-ability students, may be more effective with
expository text than with narvative materials, and may augment Uc_.?_.::.::.c
on essay tests to a greater extent than it affects performauce on multiple-
choice tests.

From the preceding definitions, a learning strategy might be described as
a general plan one formulates for determining how to best :nr._.ﬁ;d a sct of
academic objectives prior to dealing with the learning task itself and a \2:..:-
ing tactic as a specific technique one uses in the service c,*. the strategy while
confronted with the task. A specific approach to strategy 3_‘_:,:_:20: and use
that T would propose for now is composed of the following five steps:

1. Analyze: Any workable plan must be based on relevant information. By
using the preceding tetrahedral model, the strategic learner can .:c:c_.m:c
this information by plaving the role of an investigative journalist and :m_,._:.m
questions that pertain to what, when, where, why, who, and how. In this
way, the learner can identify salient aspects of the learning task ¢<_,::, when,
ér.c_.cf understand the nature of the critervion task (why), identify relevant
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personal characteristics (who). and identify potentially usctul learning tactic
(what

2. Plan: Assuming that satisfactory answers can he gained from the pre-
ceding analysis, the strategic learner wonld formulate a learning plan by
thinking, “Given this tvpe of task (c.g. . understanding a biology text, memo-
rizing mathematical formulas), to be accomplished at this time and location
(e.g.. 6 weeks from wow., in class), according to this criterion (c.g., com-
prehension, verbatim recall), and given these personal attributes (e.¢., low
motivation, distractible), I should use these learning tacties (e.g., mmemonic
devices, note-taking, text analysis, distributed practice).”

3. Implement: At this step, the learner skilltully emplovs one or more
tactics aimed at enhancing memory and/or comprehension of the learning
materials.

4. Mouitor: Once the learning process is underway, the strategic learner
assesses the degree to which the chosen tacties are having their intended
effect.

5. Modify: If the monitoring asscssment is positive, the learner may de-
cide no changes are neceded. If, however, attempts at memorizing and/or
understanding the learning material seem to he producing unsatisfactory
results, the learner will need to reevaluate and modity the analysis, the plan,
the implementation, or some combination of those steps.

These five steps can be grouped to form two general components of a
three-component learning strategy model. The first component is labeled
strategic skills. Strategic skills involve effectively analyzing a learning situa-
tion using the tetrahedral model as a guide and tormulating a learning plan.
The second component, called tactical skills because they occur only after
the learner has cffectively engaged the task, involve skillfully using various
learning techniques, monitoring one’s progress, and making modifications in
one or more of the preceding components. The third component, which has
not vet been mentioned, is metacognitive knowledge. According to Ann
Brown (1978, 1980), inctacognition involves being aware of how one thinks
and knowing how to appropriately use one’s thought processes in order to
achieve a learning goal. The metacognitive knowledge necessary to hecome
astrategic learner would include knowing one has to arry out all five of the
previous steps, knowing why cach step is necessary, knowing when to arry
out each step, and knowing how well one is prepared to perform cach step.
These components and their interrelationships are displaved in Fig. 1.

B.  CURRENT STATUS OF RESEARCH ON LEARNING TACTICS
AND STRATEGIES

The rescarch described in this chapter can be found in the educational—-
psychological literature under such diverse phrases as knowing how to
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know, knowing when, where, and how to remember, learning to learn,
intellectual skills training, study skills, study strategies, learning strategies,
mnemonic strategies, and cognitive elaboration strategies. While all of these
studies seek to enhance one or more cognitive processes in order to increase
the probability of mastering particular instructional objectives. it is impor-
tant to note their differences and that some of them are misnamed in light of
the definitions given at the beginning of this chapter. Researchers who clajm
to be investigating the efficacy of a learning strategy or a menory strategy
are, more often than not, investigating the efficacy of one or more learning or
memory tactics. If one wants to investigate the utility of a learning strategy
and/or the conditions under which its training can be optimized, one wmust
plan to investigate the interactions among metacognitive r:cz\_mmmw, strate-
gic skills, and tactical skills. To do otherwise is to conceptualize this process
so narrowly that its ultimate utility may never be known.
Given this distinction, the literature reviewed for this chapter was divided
into two major groups: learning tactics and learning strategics. Using the
criterion of popularity among students and/or res carchers, the six tactics
chosen to represent the first group were underlining, summarizing, mne-
monic devices, questioning, note-taking, and text analysis. For cach tactic,
attempts were made to locate and include studies whose primary purpose
was to investigate its basic utility (i.e., does it work?) and studies whose
primary purpose was to investigate the conditions under which its training
and transfer would be enhanced. In addition, the preceding six tactics were
subdivided in terms of whether their primary purpose was seen as retrieval
or comprehension. These subgroups were labeled memory-directed tactics
and comprehension-directed tactics, respectively (Levin, 1982). According
to Levin (1982), the primary emphasis of memory-directed tactics (e.g.,
underlining, summarizing, mnemonics) is on the storage and retrieval of
ideas, whereas the primary emphasis of comprehension-directed tactics
(e.g., questioning, note-taking, text analysis) is on understanding the mean-
ing of ideas and their interrelationships. Two points made by Levin (1982)
about these subgroups should be kept in mind. First, they are not mutually
exclusive. It is well documented that the m saningtulness and comprehen-
sibility of information help determine its retention and retrieval (see
Bransford, 1979). Second, they are the result of subjective judgement. The
decision of which category was most appropriate for each tactic was made
largely in terms of the criterion measures used by each experimenter. Other
individuals using different classification criteria will likely produce different
groupings.
The second group of studies included those whose main focus was the
effectiveness of a learning strategy. As mentioned earlier, a learning st -ategy
should combine metacognitive knowledge with strategic and tactical skills.
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Attempts were made to locate studies that matched or approximated this
description.

One reason why research on learning tactics aund strategices has become so
popular is because large nunibers of students at all levels of education have:
demonstrated severe deficiencies in their knowledge of these processes and
how to use what they do know to their advantage. Ann Brown (1978) and her
colleagues (Brown & Campione, 1977; Brown, Campione, & Day, 1981)
have found, for exainple, that children with marginal academic skills are
deficient in such elementary cognitive skills as planning, implementing, and
monitoring the success of rote recall strategies. They argued that most chil-
dren need to be systematically taught the general strategy of (1) analyzing a
learning situation, (2) deciding on a course of action, (3) carrying their plan
out in a skilful manner, (4) monitoring its success, and (5) making any
necessary modifications before large increases in classroom learning can be
cxcccﬁw&‘ by educators. The same could be said of older students. According
to surveys conducted by Annis and Annis (1979) and Davis aud Annis (1978—
1979), most high school and college students employ a narrow range of
learning tactics over a wide range of learning materials and objectives.

II.  RESEARCH ON MEMORY-DIRECTED
LEARNING TACTICS

A.  UNDERLINING

Although underlining (and its equivalent, highlighting) is a very popular
learning tactic among high school and college students (Annis & Annis, 1979;
Davis & Annis, 1978-1979), it apparently has been the object of only a
modest number of investigations. A fairly comprehensive search of the liter-
ature turned up a total of nine studies conducted between 1942 and 1979 in
which underlining was compared with such other tactics as note-taking,
outlining, and reading or rereading under a varicety of conditions.

Of these nine studies, four (Arnold, 1942; Hoon, 1974; Idstein & Jenkins,
1972; Stordahl & Christensen, 1956) reported no significant differences
among the treatment groups regardless of the nature of the reading passage
or the nature and timing of the criterion test. One study (Davis & Annis,
1978-1979) tound reading produced better results than underlining or note-
taking when reading was preferred by the subjects and used in conjunction
with familiar material.

The remaining four studics found positive but modest cffects for underlin-
ing under certain conditions. Fowler and Barker (1974) reported no overall
difference on a multiple-choice test given 1 week later for subjects instructed
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to highlight whatever they felt was important from two r ading passages
versus subjects who read prehighlighted versions versus subjects who read
nonhighlighted versions. However, when the analysis was conducted on
highlighted versus nonhighlighted item material, Fowler and Barker found
that a highlighted item was passed more often by active highlighting subjects
than when that same item was not highlighted whereas passive highlighting
subjects showed no such difference.

Kulhavy, Dyer, and Silver (1975) had high school students complete both
multiple-choice and constructed response exams over an 845-word passage
on whicli they either took notes or underlined critical information. Fach
subject could underline or take up to only three lines of notes per page of
text. A third group simply read the text once. In addition, one-half of the
subjects in each condition were told to expect cither a multiple-choice test or
a constructed response test. Although notetakers generally performed better
on the criterion test and performed hest of all in the absence of any test
instructions, subjects who underlined witli instructions to expect a multiple-
choice test retained more than subjects who underlined with instructions to
expect a constructed response test or the read-only subjects who received no
test instructions.

Rickards and August (1975) examined the effect on free recall of subject-
generated versus experimenter-provided underlining of sentences (one per
paragraph) that were least or most important to the overall structure of the
passage presented. Additionally, some readers were instructed to underline
any one sentence per paragraph while others were asked to simply read the
passage. Those who could underline any one sentence recalled more total
information, more underlined information, and more nonunderlined infor-
mation than subjects who were directed to underline either the most mmpor-
tant sentence, the least important sentence, who were given passages with
the most or least important sentence already underlined, or who read the
passage once.

Finally, Todd and Kessler (1971) conipared underlining, note-taking, and
reading across three levels of ading-passage  difficulty for males and
females of high and low reading ability. Underlining and note-taking sub-
jects were told to underline or write down important words and phrases but
not whole sentences unless they felt them to he especially important. Of the
four dependent measures analyzed (number of words recalled, number of
ideas recalled, number of identical words recalled, number of cight-word
sequences recalled), underlining was superior to reading and note-taking
only for the number of cight-word sequences recalled.

The main reasons for the differential success of underlining appear to he
the extent of underlining and the appropriateness of criterion. All five stud-
ies that failed to support the utility of underlining (Arnold, 1942; Davis &
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Annis, 1978-1979; Hoon, 1974; Idstein & Jenkins, 1972; Stordahl & Chris-
tensen, 1956) allowed subjects to underline as much as they pleased and
assessed their performance in terms of global retention. The remaining stud-
ies, by contrast, limited the amount of underlining in which subjects could
@:mmn.n (Kulhavy, Dyer, & Silver, 1975; Rickards & August, 1975; Todd &
Kessler, 1971) and/or assessed performance with criteria that may have
better matched the nature of the tactic (Fowler & Barker, 1974; Kulhavy,
Dver, & Silver, 1975; Todd & Kessler, 1971).

From the present limited findings, it appears as if underlining should be
used sparingly and judiciously—that is, in conjunction with material that
relates directly to the teacher’s objectives. Such a conclusion is consistent
with Thomas Anderson’s (1980) earlier review and analvsis of this literature.
Anderson pointed out that researchers have typically ignored the role of the
learner’s knowledge of the criterion task in producing a good match between
the encoding processes required during study and the retrieval processes
required for performance. Telling learners little or nothing about the nature
of the criterion forces them to guess at what is important and how it should
be processed. Perhaps underlining will produce stronger and more con-
sistent findings where learners are made aware of its strengths and limita-
tions and then trained in its use. Apparently, such a study has vet to be

done.

B. SummarizING

Summarizing is another popular learning tactic that has garnered little
empirical support among the relatively few studies that have made :.::
object of investigation. Of seven studics that have compared summarizing
with other tactics, two (Arnold, 1942; Stordahl & Christensen, 1956) found
no differences among subjects who engaged in either summarizing, under-
lining, outlining, or reading—rereading on objective tests of simple recall,
amocw_:zcsv and comprchension. The nonsignificant finding reported _dx,
Arnold (1942) is interesting because his subjects were given 3 weeks of
instruction, practice, and feedback prior to testing.

Three studies found reading or rereading to be superior to summarizing.
Germane (1921) found that sixth-, seventh-, and eighth-grade children who
were given 10 minutes of instruction in summarizing performed slightly
worse on a test of recall than a comparison group directed to read—rercad.
An interesting comment made by Germane was that the cighth-grade sum-
marizers scemed handicapped by the tactic because their summaries in-
cluded large numbers of isolated facts, whereas the test called on the ability
to see and remember relationships among ideas. In this case, it secms clear
that the poor performance of the summarizers may have been largely due to
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the discrepancy between how the information was processed and the de-
mands of the test. Repetitive readers, without the burden of deciding what
to record, may have had more time to think about and integrate more of the
information. Similar results were reported by Howe and Singer (1975). They
found that college students who were allowed to read a relatively short
passage (286 words) as oftenr as possible within a 10-minute period, per-
formed better on an immediate and a I-weck-delayed, free-recall test than
students who were directed to write a summary of cach paragraph. A third
group that was directed to copy the article word for word performed signifi-
antly worse than either of the other two groups. “inally, Dyer, Riley, and
Yekovich (1979) had college students read a 2000-word passage with or
without taking notes. Then, one-half of the students wrote summaries from
memory while the rest completed an unrelated task. Students then either
rercad the passage or engaged in a placebo task. All students took a 30-item
completion test immediately and 1 week later. Those who took notes or
reread recalled more than those who summarized. The combination of note-
taking and rercading was no more effective than either tactic alone. There
was only one effect of summarizing that might be viewed positively. If an
item of information was mentioned in the summary, the corresponding test
question was more likely to be answered correctly.

One study that did find facilitative effects for summarizing was conducted
by Ross and DiVesta (1976). One-half of their college student sample read a
2200-word passage with the expectancy that they would present an oral
summary shortly afterward. The rest of the students read the same material
without this expectaney. The students (all females) were told to expect short-
answer and multiple-choice test questions 1 weck later on general concepts
and specific details. After reading the passage, one-third of the students in
each group presented oral summaries, one-third listened to the summaries
of other students, and one-third did not engage in any review activity. The
results indicated that giving a verbal summary enhanced retention relative
to hearing a summary or simply reading the passage regardless of whether
one expected to give a summary. The effect was greater for cued recall
(short-answer) than for recognition (multiple-choice) items and for longer
summaries than for shorter ones.

A second study reporting positive effects for summarizing was conducted
by Bretzing and Kulhavy (1979). They found that high school students who
were directed to either summarize the main points from each page of a 2000-
word passage after it was read or to write down main points from each page
as it was read (with a limit of three lines in both ases), recalled more than
students who simply read the passage. The criterion test was composed of 25
short-answer items that were described as requiring the integration of facts
rather than simple verbatim responses.
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There is no question that the preceding findings are mc‘:c_.::% A_?N_E_u.c_w_m
ing. However, the remarks that were made in ﬁr,c v.cc:c:. on _.:_M_ﬁ.,_ w%:r
apply here as well. In no study were m::_c:ﬁm given ﬁ_w?:_cﬁ_ ,_: c::wﬂ _M:W
about the nature of the criterion, the nature of the r ,:.ﬂ_.:m passage, o1 the
best way to construct siunmaries for ?:.:.S__ﬁ tvpes of test items. The two
studies that did report favorable results (Bretzing & Kulhavy, 1981; Ross &
DiVesta, 1976) scemed to provide their subjects ,S.:,g mc_:cqi_:.ﬁ more :_:_y.:
the typical amount of information about the nature of the criterion. In _,:_A i-
tion, Bretzing and Kulhavy (1981) may have produced a _EZE.. match #,-
tween encoding and retrieval by limiting sumimaries to three lines. It .::v
constraint induced subjects to integrate information into more general, r._mr-
er-order propositions, it would be reasonable to expect m_::: 3._::.*:_ m
better on short-answer items requiring integration of facts. .EF, ca_.?:.:::nc.
of Germane’s (1921) eighth-graders is consistent with this :;.E._:.Z.,_:.c:. If
future studies also show that summarizing has :m,m_. atest effect on _:m_.gm?
level outcomes, it may be necessary to reclassify it as a comprchension-
directed tactic. The Bretzing and Kulhavy (1981) study also suggests that
hetter results might be obtained by training learners how to construct .mccg
summaries. Studies by Christopherson (1981) and Kintsch and Wcﬁ.::&r.«
(1977) on the characteristics of summaries provide some support for this

notion.

C. MNemoNIC Devices

A mnemonic is a memory-directed tactie that helps a ._:,:.W:._. ﬁ.::mr.:gj
and/or organize material in order to enhance its ._.c.:.mc/ﬁ._:r?. ﬁ.__.».m.c w_c.fm.@v
are typically used to learn and _.CES:,_#._. :.:__fﬁ_:.ﬁ.__ items of information
{e.g., names, facts) or collections of _._:c_._:A,:_c:._: list form. _

Although the origins of certain mnemonic devices are over 2000 y ,A,:v_c,ﬁ‘
(see Yates, 1966 for a detailed discussion of the history of _:_%:::_,_.Cfvv they
were rarely made the object of scientific study until :wc 1960s. .m::cc that
time, however, they have been frequently and ::c:m?m_% studied by re-
searchers. In recent vears, reviews of the mnemonic _;c_.m.::é have been
conducted by Bellezza (1981), 1lighee (1979), Pressley, Levin, _ﬁ.::_ Ca.,_.,:wo.vw
(1982), and White (1983). Becausc the _:E.:.::.w on mnemonie A_c“.\n_.wv 7
quite large and space here is _:::E_ﬂ::m mce:c:. is _:ﬁcﬁ_ __,:.mh.,_%.c:_. v :?w
(1983) review and analysis. The specific mnemonic devices that are ¢ ;C‘__vvn.ﬁ
include the acronym, sentence, narrative story, _chicir method of loci,

and keyword.

1. Acronym

This mnemonic {(also known as the first-letter mnemonic) cc_:_.u__:em ::_
first letters of the to-be-learned material into a word that can be easily storec
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e memory and used later as a set of retrieval cues. For example, the first
letters of the five great lakes can he arranged to form the word “ILOMES” or
the colors of the light spectrum, taken in their natural sequence (longest to
shortest wavelengths), can be encoded as ROY-G-BIV. Survevs of muenion-
ic devices among college students have found this technique to be one of the
most well known and widely used (e.g., Blick, Buonassissi, & Boltwood,
1972; Blick & Waite, 1971).

According to White (1983), it appears as if the acronym is likely to he most
effective when one must recall items, particularly abstract or familiar items,
in a certain order. White (1983), however, cautions against drawing pre-
mature conclusions about acronvin effectiveness hecause many critical vari-
ables have vet to be investigated. Using the tetrahedral model as a the-
orctical framework, lie points ont that acronym researchers have not fully
investigated the role of such important learner characteristics as age or
intellectual ability. In addition, none of the researchers provided inuch of an
opportunity for subjects to become proficient with the mnemonic nor did
they assess how often the method was actually used.

2. Sentence

This muemonic enhances learning and memory by incorporating separate
items of information into a sentence, with the sentence then serving as a
retrieval cue. One version of this technique is used, like the acronyin, to
learn Tists of items and is often referred to as an acrostic. One simply con-
structs a sentence by using the first letters of the to-be-remembered items as
the first letters of the words making up the mnemonic sentence. For exam-
ple, music teachers have long taught students to remember the notes on the
staff (15, G, B, D, F) by remembering the sentence., “"Every good bov does
fine.” A second version is typically used to learn pairs of items. In this
situation, the subject embeds a pair of itemns (¢.g., fowl—gun) in a meaningful
sentence (e.g.. “The hunter shot the fowl with liis gun’). It is the latter
version that is reviewed here hecause it has more often been studied by
researchers.

Based on two studies condncted by Rohwer (1973 Rohwer, Raines, Eoff,
& Wagner, 1977), White (1983) concluded that for paired-associate learning
(PAL) tasks, the sentence mnemonic is more effective than rote repetition
for vounger (through 6th grade) middle-class subjects of all ability levels and
older (through 11th grade) middle-class subjects of low and moderate ability
than it is for vounger upper-class subjects or older high-ability subjects.

When variations in learning materials were examined (e.g., Paivio &
Foth, 1970), better results were obtained with abstract words than with
conerete words.

The results of studies that examined subject-generated versus experi-
menter-supplied sentences (e.g., Bower & Winzenz, 1970: Garten & Blick

>
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1974; Pines & Blick, 1974; Rohwer, 1973) are inconclusive, althongh the
evidence leans in favor of the former. Whether subjects who are well trained
in generating good sentences would consistently outperforin naive subjects
who are supplicd with good sentences is still an open question.

Regardless of age, the mnemonic seems to facilitate delayed cued u._:_
delayed free recall relative to control subjects told to use their own learning
method or told to repetitively rehearse (e.g., Bower & Winzenz, 1970;
Lowry, 1974; Negin, 1978; Pines & Blick, 1974). .

White (1983) maintains that future studies should focus on the ,,.6-
plicability of this method to other tasks besides PAL and the extent to /.i:or
training enhances performance over the levels achieved by naive subjects.

3. Narrative Story

The storv mnemonic is like the sentence mmemonic in that it organizes
separate items of information into a meaningful unit. In this case, the nnit is
a set of sentences constructed as a story and based on the to-be-remembered
items.

White (1983) found the technique to be effective with elementary mn.rcm_
children (e.g., Gripe, 1979; Knlhavy, Canaday, ITavies, & Schaller, 1977)
and college students (e.g., Borges, Arnold, & McClure, 1976; Bower &
Clark, 1969; Cunningham & Snowman, 1975; [fermann, Geisler, & Atkin-
son, 1973) for immediate and delaved free recall, serial recall, E:_. recogni-
tion. Better results have been obtained with concrete items of information
than with abstract items (c.g., Cunningham & Snowman, 1975; Manning &
Bruning, 1975; Santa, Ruskin, & Yio, 1973). Presenting the items to-be-
remembered one at a time rather than as a set does uot secm to limit the
mnemonic’s effectiveness (e.g., Kulhavy & Ileinen, 1974).

On the basis of this and other evidence, White (1983) concluded that the
narrative story mnemonic is very effective for a wide range of subjects and
recall eriteria. Future studies, he felt, should investigate its utility for tasks
other than list learning.

4. Pegword

The pegword mmemonic requires the learner to memorize a simple set of
objects that rhyme with integer names: one=bun, two-shoe, :ﬁonl:ﬁm,
four—door, five—hive, six—sticks, seven—hcaven, eight—gate, nine-wine,
ten—hen. To use the mnemonic, the learner first generates images of the to-
be-remembered material. Then, each image is linked with an image of one of
the peg words. The image of the pegword and its associated ::_:_um_.. serves
as the retrieval cue. If, for example, a grocery list contains eggs, milk, and
butter as its first three items, images integrating eggs and a bun, milk and a
shoe, and butter and a tree would be formed.
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Based on the preceding description, one wonld expect the pegword
mnemonic to be most effective with material that lends itself to visual imag-
ery. White (1983) found this to he the case in studies that compared concrete
and abstract nouns (c.g., Foth, 1973: Griffith & Atkinson, 1978; Santa, Rus-
kin, & Yio, 1973; Wortman & Sparling, 1974).

The role of ability in pegword use is not clear, as one study (Smith &
Noble, 1965) found low-ability subjects remembered more nonsense svlla-
bles than high-ability subjects, whercas another study (Griffith & Atkinson,
1978) reported the opposite pattern for recall of nouns.

The technique has heen proven effective with children (e.g., Highee,
1976), military personnel (e.g., Griffith & Atkinson, 1978), and graduate
students (e.g., DiVesta & Sunshine, 1974), and for a varietv of retention
measures (e.g., Foth, 1973; Roediger, 1980; Smith & Noble, 1965). Tvp-
ically, it is used to learn word lists, although one study (Highee, 1976)
showed it to be nseful for learning and 10 commandments,

White’s (1983) main criticisms of pegword research are the insuflicient
training that is often provided and the lack of assessment of actual mnemonic
use by subjects. This last criticism is especially telling because Persensky
and Senter (1970) long ago reported the pegword to be effective only with
subjects who reported using it.

5. Method of Loci

This mnemonic is sometimes called the place method hecause the word
loci means places. To use this method, the learner first forms a set of highly
familiar loci for which visual images can be formed, such as the rooms of
one’s house. Then, images of the to-be-remembered items are generated
and embedded within the locations. During retrieval, the learner mentally
walks through the locations, retrieves cach image, and decodes it into a
response. As vou can see, this technique is basically the same as the pegword
mnemonic.

White (1983) reports that the method of loci is an effective memory-
directed tactic for children (e.g., Brown, 1973), college students (e.g.. Bell-
ezza & Reddy, 1978; Weinstein, Cubberly, Wicker, Underwood, Roney, &
Duty, 1981), and senior citizens (e.g., Tchabo, Hausmann, & Arenberg,
1976). Most of the learning tasks involve word lists, although some evidence
exists (e.g., Snowman, Krebs, & Kelly, 1980) that when combined with an
outlining tactic, the loci mnemonic facilitates recall from prose. Performance
with subject-generated loci is superior to experimenter-provided loei among
college students (e.g., Bellezza & Reddy, 1978; Montague & Carter, 1974).

Loci users score better than nonusers on immediate and delaved free reeall

tests (e.g., Snowman et al., 1980), immediate and delayed serial recall (e.g.,
Weinstein et al., 1981) and recency judgements {e.g., Brown, 1973)
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6. Keyword

The keyword mnemonic was devised in the 1970s as a means of learning
foreign language vocabulary (e.g., Atkinson, 1975; Atkinson & Raugh, pcﬂ.mv.
The technique involves two steps. First, the learner extracts a m ,:E:E:r
concrete English word (called the keyword) from the pronunciation of the :.T
be-learned foreign word and constructs a visual image for it. mcc.c_:_v ,::m
image is integrated with an image representing the English translation of the
foreign word. For example, to learn that the Spanish word NE.? Qz.c:c::owﬂ_
pot-0) means duck, the learner might imagine a duck wearing a c.i on its
head. At recall, the word pato will bring the preceding image to mind. The
image, in turn, will serve as a cuce for the correct response,

White (1983) has found the keyword to be effective with preschoolers
{e.g., Pressley, Samuel, Hershey, Bishop, & Dickinson, 1981), o_n;:m_:m_.%
school children (e.g¢., Miller, Levin, & Pressley, 1980; Pressley & Levin,
1978), adolescents (e.g., Pressley & Dennis-Rounds, 1980), and college stu-
dents (e.g., Atkinson & Raugh, 1975), although vounger subjects :H:ﬁ ._vc
given the keyword and a picture incorporating the keyword and the English
translation in order to profit from the technique.

The keyword has proven to be very flexible, as it also facilitates the recall
of cities and their products (c.g., Pressley & Dennis-Rounds, 1980), ﬁmﬁ.wm
and their capitals (e.g., Levin, Shriberg, Miller, Kn.Oc_A::.cr, % Levin,
1980), medical definitions (Jones & Iall, 1982), and famous people’s accom-
plishments (e.¢., Shriberg, Levin, McCormick, & Pressley, 1982). Some
researchers (e.g., Pressley, Levin, & Miller, 1981) have found that a sen-
tence variation of the keyword was as effective as the standard version for
helping fifth-graders remember concrete and abstract word lists.

. RESEARCH ON COMPREHENSION-DIRECTED
LEARNING TACTICS

A.  QUESTIONING

As stated carlier, comprehension-directed tactics are geared more toward
understanding the meaning of ideas and their 5?;._.c_z,;:;_:.cm than 2:«::_,
ensuring reliable recall of those ideas. Levin (1982) feels that the S.cso of
learner-generated questions conld fall into either category, depending on
the nature of the questions. For example, generating questions that require
verbatim recall or recognition of simple details might reasonably e consid-
ered a memory-directed tactic. On the other hand, if the c—:,m:c_.; assess
comprehension, application, or synthesis of main idcas or other high-level
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information, they probably belong i the comprehension-directed category.
Given the criterion measures used by most researchers of | armer-gencrated
questions, this tactic is usually meant to foster comprehension. The benefits
of learner-generated questions are presumed to be due to students being
forced to notice and think saningfully about specific segments of text.
Several factors may need to be considered in order to realize these benefits.

Crouse and Idstein (1972) found that college students who were told to
generate short-answer questions from the underlined segiments of three 200-
word passages because the criterion test would he made up of 22 similar
questions from those segments performed no better than subjects who sim-
ply read the passages, read the passages with the relevant sections under-
lined, or read the passages with the actual test items provided after the
underlined material. Because those results may have been due to passage
brevity, a second experiment compared a read-ouly group with an experi-
menter-supplied underlining group on recall of a 6000-word passage. Under
these circumstances, underlining resulted in an 87% improvement over the
read-only. Tt is temipting to think that a | arner-gencerated questions group
would have performed as well as the underlining group.

Prior to reading four 550-word passages, Duell (1978) provided college
students with directions on how to write test questions that matched the
specifications of knowledge level and application level objectives. The stu-
dents then read the objectives, read the passages, wrote relevant multiple-
choice questions, and took a 32-item multiple-choice test hased on the objec-
tives. A sccond group simply read the objectives, read the passages, and
took the test. Overall, question writers scored significantly higher than non-
question writers. However, all students answered significantly more knowl-
edge-level questions correctly than application questions. Ducll (1978)
noted that extended training in question writing and the use of longer pas-
sages might increase ability to correctly answer application questions.

In the first of two experiments, Frase and Schwartz (1975) presented pairs
of high school students with a 1200-word biographical passage. At different
times, cach member of the pair would either gencrate questions for the
other member to answer, respond to the partner’s questions, or simply read.
The students were instructed to ask the kinds of questions that would help
one do well on a test. The posttest, which was not described to the students,
contained short-answer questions. More than 99% of the questions gener-
ated by the students required specific, verbatim responses. Test scores un-
der the answering and the questioning conditions did not differ although
both exceeded scores obtained under the study condition. For both the
questioning and the answering conditions, recall was highier on posttest
items for which questions were generated than on posttest items umrelated
to student questions.
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g

A tentative conclusion that could be drawn from the three ?.onc%:m.
studies is that students need to be trained in how to frame good questions .:
the tactic is to be effective. The few studies that have attempted to investi-
gate the benefits of training have produced mixed _.mm:.:.: .

André and Anderson (1978-1979) found that low-ability high school sc-
niors who were given extensive practice and feedback on _5,.<.. to mo.:od.,.:c
comprehension questions from a 450-word passage scored significantly high-
er on a short-answer test than low-ability students who read the passage
more than once. Iligh-ability students scored equally well _.nmm_.ﬁ:omm, of
treatment condition. The probability of answering an item correctly after
having generated a good question during training was ..qm. When a _omm-z:.E-
adequate question was generated, the probability of Q:._.n,oﬂ._% _é%c_:._:i
fell to .39. In a follow-up experiment that included an ::S...::m.a_ question-
generation group, similar results were obtained n_m%:m, the fact that the
trained subjects wrote a significantly greater percentage of good comprehen-
sion questions. .

Dreher and Gambrell (1982) conducted a training study with sixth-grade
boys that was a replication and extension of the André and >.:A_Q.m.c: C@ﬂml\
Eﬂcv study. For 2 davs, students either wrote questions r;r:<5.m.>:9.m
and Anderson’s training procedures, wrote questions with no training, or
engaged in a read—rccite—review tactic. For both c:cv.:.c:.:.m groups, only
one-third of the questions that were written clicited main ideas as a re-
sponse. Four days later, all students were given two passages to _.._.L.A_ and a
short-answer test requiring main idea and detail responses. No difterences
among the three groups were found. One week _i,c_., the classroom ﬂo:c_,ﬁcﬁ
repeated the procedure. Again there were no differences. One week after
the second test, the students were asked to describe how they would tell
another student to study for a test. Only about 20% in each group deseribed
the technique they had been taught. ,

Singer and Donlan (1982) taught a group of high school students to analyze
short stories according to a five-element problem-solving schema and to
generate story-specific questions based on the schema. A comparison group
responded to teacher-posed questions. Both groups received 2 days & in-
struction per week for 3 weeks. Short multiple-choice tests were adminis-
tered after each training session. There was no difference hetween the
groups for the first two sessions. Although the schema group c:?oc_.n,i the
comparison group for sessions 3-6, the difference was significant only for the
fifth session. ,

Overall, these findings provide only weak support *cﬁ_ «..:._.E_.-no:o_.,,:mﬁ_
(uestions as an effective oc::z‘cra:m_.c:-a_:.,cogﬁ_ tactic. wc._. high morc.:_ ..:,:_.
college students, question asking was as eftective as ::w,ﬁ::. answering for
test items based on the questions, although either activity led to _F,m?,_. test
scores than just reading (c.g., André & Anderson, 1978-1979; Frase &
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Schwartz, 1975, Singer & Donlan, 1982). Although Duell (1978) found that
question writers outscored non-question-writers, the effect was limited
largely to low-level knowledge questions. For elementary grade students,
question asking proved no more effective than a simple read-recite—review
tactic, even when the students were trained to write appropriate questions
(e.g., Dreher & Gambrell, 1982). It should be pointed out, however, that
most of the preceding studies used passages of less than 1500 words. It may
have been possible for most students to meaningfully process most of the
information in such relatively brief pa ssages in spite of the treatment condi-
tion to which they were assigned. Given the strong improvement in recall
reported by Crouse and Idstein (1972) when subjects in an underlining
treatment went from a 200-word passage to a 6000-word passage, future
research on leamer-generated questions might include passages in the
neighborhood of 5000 or more words. Finallv, the failure of the training
studies to produce strong cffects may have been due to the brevity of the
training and the omission of a metacognitive component. André and Ander-
son (1978-1979) have noted that cffective selt-questioning should force
learners to pausce frequently in their reading, deal with an understanding
question, determine whether or not comprehension has occurred, and de-
cide what action should be taken next. Apparently, none of the preceding
studies assessed the degree to which students were aware of and engaged in
these activities.

B. NoTte TakING

Of the 10 studies comprising this section, 4 found note taking to be no
more cffective than or less effective than rereading for such criterial tasks as
short-answer questions for main ideas and details, multiple-choice ques-
tions, essays, and free recall (Davis & Annis, 1978-1979; Dyer, Riley, &
Yekovich, 1979; Ioon, 1974: Todd & Kessler, 1971). Perhaps the best way to
explain these failures, as well as the successe in terms of the tetrahedral
model. In at least two of the preceding cases, the learning materials ap-
peared to have been inappropriate for a note-taking tactic. For example,
Dyer et al. (1979) had college students read a 2000-word anthropological
description of a fictional African tribe called the Himoots. Although the
passage is of reasonable length, it is highly concrete, fact-filled, and some-
what simply structured. In all likelihood, such a passage could be adequately
comprehended by the more passive tactic of rereading. The opposite prob-
lem appeared in the Todd and Kessler (1971) study. Their passage was the
brief “War of the Ghosts” used by Bartlett (1932) in his studies of memory.,
This story would be very difficult to understand unless one was familiar with
the myths and legends of the North American Indians on which it was based.

In addition, all four studies may have been subject to another shortcoming
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mentioned by Anderson (1980) in an carlier review of note-taking research.
Anderson offered two reasons to explain the failure of note taking in several
of the studies he reviewed. First, subjects may not have processed the right
information with respect to the eriterion task because of limited study time
(note taking takes longer than rercading) and/or insuficient knowledge of
the criterion task (leading subjects to guess what to record). Second, subjects
may have copied information verbatim from the passage inst sad of construct-
ing a more personally meaningful paraphrase. Both reasons imply a failure to
induce transfer-appropriate processing. This idea holds that the hest type of
processing at the time of encoding is that which produces knowledge that
matches the demand of the eriterion test. In terms of the tetrahedral model,
transfer-appropriate processing involves at the very least an interaction be-

tween learner activities and the nature of the criterial task.

Studies that have found facilitative effects for note taking have usually
been designed such that the relationship between the demands of the erite-
rion task and the encoding processes invoked by note taking was more
consistent. Peper and Mayer (1978), for example, found that note takers
outscored non—note takers on test ites measuring far transfer, whercas the
opposite pattern prevailed on test items of near transfer, especially for low
verbal ability subjects. Barnett, DiVesta, and Rogozinski (1981) found that
college students who were instrueted to take notes on an 1800-word taped
passage by identifying main headings and related key ideas outscored non—
note takers on a set of short-answer items designed to parallel the text and
students” notes. [Hale (1983) told high school students who cither read-
reread or took notes over a 1300-word passage that they would be given
multiple-choice test on the passage’s main points and that cach paragraph
contained a main point. Note taking subjects were additionally told to think
about the main point of each paragraph and write it down. The criterion test
consisted of 12 items, 6 of which covered one-half of the passage’s main
points. The other 6 questions covered lower-level details. Unannounced
delayed tests were given 1, 8, and 15 days later. Note takers outscored non—
note takers on the immediate test but not on the delayed tests. Only the
results of a study reported by Kulhavy, Dyer, and Silver (1975) arc at odds
with the explanation that note-taking is uscful only when something is
known about the criterion test. They fonmd that high school students who
took notes over an 845-word passage (no more than 3 lines of notes per page)
and were given no information about the criterion test, outscored subjects
who underlined, subjects who simply read, and other note taking subjects
who were told to expect either a multiple-choice or a short-answer test.

An example of how the categories of learner characteristic, learning mate-
rial, and eriterial task can determine the effectiveness of note taking can be
seen in a study reported by Annis (1979). After reading or taking notes over
an organized or scrambled 16-paragraph article, field-independent and field-

9. LEARNING TACTICS AND STRATEGIES 261

dependent college students took 1-weck-delayed recall and completion
tests. The latter test required students to fill in an essential word or phrase
omitted from sentences rated high or low in importance to the structure of a
paragraph. Field-independent learners outscored field-dependent learners
on high-importance completion items, whereas no differences occurred on

low-importance items. Notes taken on an organized learning passage were of
higher average structural importance than notes taken on an unorganized
learning passage.

[n a similar vein, Bretzing and Kulhavy (1981) found that the free recall
protocols of note-taking college students who read a low-formality passage
(written at a inore familiar and concrete level) contained significantly more
paraphrased statements than the free recall protocols of note takers who read
the high-formality version. A conditional probability analvsis showed that an
idea was more likely to be recalled if it had heen written in notes than if it
had only been read.

Of the 10 note-taking studies reviewed here, not one made a serious
attemnpt to train students to take notes more effectively. The need for such
training. at least among high school students, was pointed ont by 1fale
(1983). Many of his subjects did not realize how helpful a tactie like note
taking could De to foster comprehension and reduce forgetting. Thus, study
skills programs would do well to provide concrete experiences that can help
students develop a realistic sense of the forgetting process and the utility of
learning tactics.

C. TexT ANALYSIS

Prose materials often produce different learning outcomes than simpler
verbal materials under more or less identical conditions. This discontinuity
is largely dne to the fact that prose materials present a more complex strue-
ture and often involve a greater degree of abstractness. Because iany school
learning tasks involve working witlt such material, researchers have tried to
determine if learner awareness of text structure and use of text-structure

analvsis methods is a usetul comprehension-directed tactic. While a variety
of text analysis techniques have been investigated, most involve the identifi-
cation of various idea units and a method for specitving their interre-
lationships. The research reviewed in this section has heen organized into
two categories: training in the use of text structurc analysis and training in
the use of headings and topic sentences.

1. Training-in the Use of Text-Structure Analysis

For 1 hour a day for 12 consecutive days, Armbruster and Anderson (1980)
taught 11 eighth-graders a text analysis technique called mapping. This
technique identifies up to seven basic relationships among idea units (e.g.
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example, compare/contrast, temporal) and represents them in an intercon-
nected diagram. For immediate recall of two brief passages, the experimen-
tal group recalled a significantly greater percentage of idea units than
control group (34% versus 15%) from the first passage. No differences oc-
curred for the second passage or for a second posttest administered 3 days
later. A conditional probability analysis of the immediate recall scores re-
vealed that the probability of recalling idea units that were mapped was
significantly greater than the probability of recalling idea units that were not
mapped. Moreover, the effect was most pronounced for ideas rated high in
structural importance (i.c., the more superordinate ideas). The conditional
probability analysis of the delaved recall scores revealed no differences he-
tween the groups. Armbruster and Anderson offered three reasons for these
mixed results. First, not all of the relationships were learned equally well.
Understanding causc—effect relationships was particularly difficult for many
students. Second, students generally did not try to integrate all the rela-
tionships into one map; instead, they mapped subsections independently.
Third, there was a general lack of interest in the task.

Holley, Dansercau, McDonald, Garland, and Collins (1979) provided 17
college students with 53 hours of training on a hierarchical mapping tech-
nique similar to that of Armbruster and Anderson (1980). Following training,
the students used the technique to study a 3000-word passage taken from a
geology text. A control group simply read the passage. Five days later, all
subjects took four tests: essay, concept cloze, multiple-choice, and short-
answer. The experimental group significantly ontperformed the control
group on the combined concept cloze and essay scores, both of which were
designed to tap main ideas. There was no difference between the groups on
the combined multiple-choice and short-answer scores, both of which were
designed to tap details. An additional analysis indicated that the technique
may be more beneficial for low-ability students.

Snowman, Krebs, and Kelly (1980) provided 15 weeks of training for 3
hours per week to college students on the use of'a simple, four-element text-
analysis scheme. Students were trained to identify the main idea of a pas-
sage, note the ways in which the main idea was discussed, and then list
characteristics and examples. These ideas were then arranged from top to
bottom and left to right on a sheet of paper, vielding a simplified hierarchical
structure. Similar groups received the same amount of training in the meth-
od of loci mnemonic or a combination of the two techniques. Students who
received training in either the text-analysis technique alone or the text-
analysis-plus-loci techniques recalled significantly more idea units than stu-
dents who were trained in just the method of loci mnemonic.

Taylor (1982) provided fifth-graders with 7 wecks of training for 1 hour
each week in the formulation of a three-level hierarchical outline. Control
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subjects were exposed to the more conventional procedure of answering
questions after reading. After training, students studied a pair of 800-word
passages using their respective teehniques. The text-analysis group scored
significantly higher than the conventional-instruction group for free recall
and organization of recall. Both groups scored equally well on a short-answer
test. A replication of this experiment, however, produced mostly nonsignifi-
cant findings.

2. Training in the Use of Headings and Topic Sentences

The utility of intact headings (an outline presented prior to reading) and
embedded headings (headings interspersed throughont the passage) as en-
coding and retrieval aids was examined by Holley, Dansercau, Evans, Col-
lins, Brooks, and Larson (1981). They found that college students who were
instructed in how to use either intact or embedded headings recalled signifi-
antly more information on a delayed test from an unfamiliar passage than
students whose passage contained neither aid. The text-with-hcadings stu-
dents recalled approximately 11% more information on an immediate test
and 44% more information on a delayed test than the text-without-headings
students.

An evaluation of the effects of intact and embedded headings over a wider
-ange of outcome measures was made by Brooks, Dansereau, Spurlin, and
Holley (1983). In the first of two experiments, college students who read a
2400-word passage with embedded headings scored better on essay and
create-an-outline tests administered 5 days after reading than students who
received either intact headings, intact and embedded headings, or a passage
with neither tvpe of heading. No differences among the groups were ob-
served for the multiple-choiee test or for any of the immediate tests. Pre-
sumably, the headings provided the same kind of information about superor-
dinate—subordinate relationships that was assessed by the first two criterion
measures. The second experiment compared the effects of instructing or not
instructing field-dependent and field-independent college students in how
to use embedded text headings on the same outcome measures. The instre-
tions were to (1) develop expectations about the passage based on the head-
ings, (2) understand why each heading was appropriate for its section of text,
(3) memorize the headings, and (4) use the headings as recall aids. The
instructed group significantly outscored only the control group (no headings)
on the delayed essay test. The scores of the uninstructed headings group and
the control group were equivalent. All comparisons on the delayed multiple-
choice and outline tests were nonsignificant. The effect of cognitive stvle was
nonsignificant.

In order to determine if better results might be obtained by having stu-
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dents generate their own headings, Brooks, Dansercau, Ilolley, and Spurlin
(1983) either instructed college students in how to construct good headings,
provided a passage with embedded headings but without instructions, or
provided a passage without embedded headings. The instructed group was
told that good headings emphasize the hierarchical structure of the text and
was given an opportunity to practice the technique. Five days later, students
were given a free-recall test, an outline test; a multiple-choice test, and a
short-answer test. The students who generated their own headings generally
outscored the other groups on the various measures of recall (e.g., free-recall
content, outline content, short-answer) but scored about as well on the
comprehension measures (e.g., free-recall organization, outline organiza-
tion, multiple-choice).

In a similar study, Dee-Lucas and DiVesta (1980) compared the eftects of
topic sentences, headings, related sentences, and unrelated sentences on
learning from text when they were either generated by the students or
provided in the text. A topic sentence related the topic of a paragraph to that
of a previous paragraph and was intended to highlight the hierarchical struc-
ture of the text. The headings were one or two words that captured the
general topic of a paragraph. A related sentence paraphrased information
from another sentence of that paragraph. An unrelated sentence was related
to the passage topic but not to any other sentence in the paragraph. Perfor-
mance was measured by a knowledge-of-passage-structure test, a free-recall
test, and a matching test. For the passage-structure test (recalling paragraph
topics and placing them in appropriate slots in a hierarchical tree structure),
there were no differences amoung the four experimenter-provided condi-
tions. For the subject-generated conditions, the topic-sentence group signif-
icantly outscored the other three. For the free-recall test, the headings
group outscored the topic sentence and unrelated sentence groups but not
the related-sentence group under subject-generate and experimenter-pro-
vide conditions. For the matching test, experimenter-provided headings and
related sentences led to equal performance, although both groups signifi-
cantly outscored the experimenter-provided unrelated sentences group. All
experimenter-provided groups significantly outscored their subject-gener-
ated counterparts on this measure.

In general, it scems fair to conclude that training students in the use of

various types of text structure analysis schemes seems to enhance coni-
prehension as measured by the recall of superordinate ideas. 1lowever, it is
likely to be a difficult undertaking. In order to assess just how uscful text
structure analysis training can be, tuture studies should (1) provide training
for as long as it takes each subject to demonstrate mastery of the techniques;
(2) keep interest and motivation high by employing various incentives; (3)
measure the effects of training over several types of measures, waterials, and
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time periods; (4) identify subjects for whom such training is likely to he most
beneficial; and (5) make sure the training is comprehensive. For example,
the mixed results of Armbruster and Anderson (1980) and Taylor (1982)
points up what happens when children are trained in the use of a tactic as
opposed to an overall strategy. As outlined in the beginning of this chapter, a
strategy should include tactics training plus metacognitive training so that
students know, in terms of appropriate learning behaviors, what, when,
where, how, and why. Brown, Campione, and Day (1981) refer to this a:
self-control training. Apparently, many students do not understand why a
tactic is useful and why it should bhe mastered.

As measured Dby a variety of criteria, the use of headings, particularly
embedded headings, and topic sentences seem to be useful comprehension-

directed taetics, although the evidence is not consistent. Some of this incon-
sistency was likely due to differences in procedures and materials. For exam-
ple, the failure of the uninstructed embedded headings group to outperform
the control group in Experiment 2 of Brooks et al. (1983) as it did in Experi-
ment 1 was attributed to students being more aware of the headings in
Experiment 1 hecause they received hoth immediate and delaved passages
and tests. The positive findings reported by Dee-Lucas and DiVesta (1980)
for topic seutences may have been due in part to their use of a brief (about
500 words), highly structured passage (15 hierarchically related topics, each
of which was discussed in a three-sentence paragraph).

IV.  LEARNING-STRATEGY RESEARCH

The learning strategy model on which this chapter is based is, as was
mentioned earlier, composed of five steps. This model is consistent with the
analysis of strategic behavior made by Paris, Lipson, and Wixson (1983).
They describe the strategic learner as being in possession of declavative
knowledge, procedural knowledge, and conditional knowledge. Declarative
knowledge includes information about various task characteristics and one’s
abilities. Procedural knowledge includes information about how to use learn-
ing tactics and other intellectual skills. Conditional knowledge includes
knowing when and why to apply one or another of the preceding tactics and
skills. Regardless of the specific approach and terms used, the eritical ele-
ment of al :arning strategy is, as Paris, Lipson, and Wixson (1983) point out,
the intentional, effortful, self-sclection of a means to an end. After careful
deliberation, the learncr must choose one action (or a sequence of actions)
from among several in order to reach a goal. The factors that contribute to
this capability, and whether or not they can be taught, are examined in the
next group of studies.
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The learning-strategy model described carlier implies that as individuals
increase their metacognitive awareness, they are more apt to use effective
strategic and tactical skills and thus enhance their performance on learning
tasks. The validity of these causal links for a paired-associate learning task
among cighth- and tenth-graders was investigated by Waters (1982). For
both groups, knowledge of appropriate tactics (e.g., visual elaboration, ver-
bal elaboration) was positively related to tactics use, which, in turn, was
positively related to recall performance. Tenth-graders recalled significantly
more pairs than eighth-graders hbecause of increased tactics use.

The role of various tvpes of metacognitive feedback on maintenance of an
instructed-recall tactic among first-, third-, and fifth-graders was investigat-
ed by Ringel and Springer (1980). The learning task was to sort 20 familiar
pictures into different semantically related groups (e.g., foods, tovs) and
then free recall as many of the picture names as possible. Subjects in Group
1 were uninstructed and sorted in any manner they chose. Subjects in
Groups 2, 3, and 4 were shown how to do the sorting task and were told that
figuring out which pictures go together might help them learn the pictures.
Group 2 subjects received no feedback about their performance. Group 3
subjects were told they did better than the other children in the class. Group
4 subjects were told that their improved performance was due to the sorting
technique they were taught. Only those third-graders provided with sorting
instruction plus metacognitive feedback (Group 4) exhibited maintenance of
the technique, improved sorting stvle, and improved recall on a near trans-
fer task. Few instructed first-graders showed improved sorting styvles and
recall following explicit feedback, whereas instructed fitth-graders improved
despite receiving no feedback. These results indicate that children as yvoung
as 8 vears old can profit from explicit feedback regarding the utility of a tactic
for accomplishing a particular goal. Such feedback illustrates the value of
understanding the effects of tactical behavior on the task at hand. Ringel and
Springer may have obtained more positive findings for their other subjects
had they also included instruction and feedback on the value of understand-
ing the potential usefulness of learning tactics on a variety of tasks and
assessed the effects on a variety of near and far transfer measures (sec Bar-
clay, 1979).

The fact that few learning strategy studies have examined the effect of
pointing out to subjects the diverse applications of a strategy and the benefits
of strategy transfer was noted by Kramer and Engle (1981). Hence, they
manipulated the metacognitive awareness of normal and mentally retarded
children with a mental age of 8 vears by providing information about the
nature of a rehearsal tactic, its general utility, and examples of its use in the
presence and absence of rehearsal training. Although rehearsal training was
effective in improving recall scores on the training task, neither rehearsal
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training, memory awareness, nor their combination significantly improved
performance on the gencralization tasks. Kramer and Engle concluded that
future learning strategy studies may be more successful if they directly train
those metacognitive processes involved in generalization. The process of
self-monitoring was mentioned as a particularly promising candidate for
training.

To alarge degree, the findings reported by Ringel and Springer (1980) and
Kramer and Engle (1981) are consistent with a phenomenon known as a
production deficiency for mnemonic strategies. That is. children who do not
spontaneously generate mnemonic strategies will, after being given appro-
priate instruction, use the demonstrated strategy to improve recall on a
subsequent task. However, in the absence of explicit prompts, voung chil-
dren typically abandon the strategy on later, similar tasks. Paris, Newman,
and McVey (1982) ascribe these findings to a lack of awareness that a direct
relationship exists between cognitive means (strategy use) and ends (recall
consequences). Like Kramer and Engle (1981), they felt that the lack of
effectiveness of strategy training over time, particularly among first-graders,
pointed up the need for more elaborate interventions with voung children.
Further, they hypothesized that children wonld not hehave strategically
until they understood the significance of various optional actions. Paris et al.
(1982) tested their hypothesis by asking 7- and 8-year-old children to study
and recall 24 pictures twice each day for 5 days. Days 1 and 2 were baseline,
practice trials. Day 3 included strategy training. Days 4 and 5 involved how
to label, rehearse, and group the pictures as well as how to sclf-test one’s
memory and use blocked recall. Half of the children were shown the actions
and told to do them. The other half received elaborated feedback on the
usefulness and appropriateness of the techniques for remembering. The
claborated-instructions group exhibited significantly greater recall, clnster-
ing, strategic study behavior, and metamemory regarding the mnemonic
techniques than the other group.

“inally, the effects of training college students in the use of a complex
learning strategy in the context of a learning skills course was assessed by
Dansereau, Collins, McDonald, Holley, Garland, Dicklioff, and Evans
(1979). The learning strategy program developed by Dansercau and his
associates was composed of two mutually supportive components. The first
component, called primary strategies, was designed to facilitate the com-
prehension and retention of information as well as its subsequent retrieval
and use. The second component, called support strategies. was designed to
help students set goals, schedule study activities, create a positive emotional
state, monitor progress, and diagnose learning difficulties. In short, the
support strategies involved a moderate degrec of metacognitive fraining.
Thirty-eight undergraduates were given 2 honrs of st rategy training cach
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wecek for 12 weeks. During the last 6 weeks, the students were divided into
three subgroups according to their stated preferences for a partienlar com-
prehension—retention tactic. Each subgroup received about 4 honrs of train-
ing on one of the following prose learning tactics: paraphrase~imagery, iden-
tification of key idcas, and networking (a text-analvsis tactic). After training,
all subjeets read and were tested over a 3000-word passage. The results
indicated that students who received the training exhibited significantly
greater positive precourse—posteourse changes on short-answer and multi-
ple-choice tests than did students in the control group. The henefits were
particularly pronounced for networking students as mecasured by the short-

answer test.
V. CONCLUSIONS

A.  LEARNING TACTICS

The preceding review was begun with the intent of answering two gnes-
tions: Do learning tactics and strategies enhance retention and comprehen-
sion of information? Can students be trained to use learning tactics and
strategies more cffectively? The answers, as usual, are not straightforward.
Depending on the tactic or type of strategy being considered, the answer
may range from strongly affirmative to uncertain to doubtful.

Underlining appears to be a modestly effective memorv-directed tactic
when the learner knows what parts of the reading material are important and
should he underlined. Unfortunately, nothing is known abont the extent to
which training can enhance the cffectiveness of underlining because such
studies have apparently never been conducted. Training studics that might
be conducted i the future should teach students to recognize the conditions
under which underlining is likely to be most effective and provide training
for as long as it takes each subject to demonstrate mastery of the technigue.

Summarizing does not appear to be an effective memory-directed tactic,
However, it should be remmembered that the subjects in most of the sum-
marizing studies were given relatively little information about the nature of
the criterion task, the nature of the reading passage, or the hest wav to
construct sunmmaries for particular types of test items. Until studies on sum-
marizing incorporate such procednres, there is little that we can sav for sure
about its uscfulness as a memorv-directed tactic. Furthermore, the pos-
sibility exists that summarizing cnhances comprehension more than it does
verbatim recall. As with underlining, nothing is known about the effects of
training, althongh related evidence (e.g., Christopherson, 1981; Kintsch &
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Kozminsky, 1977) suggests it might help learners summarize more effeetive-
lv.

Of the three memory-directed tacties discussed in this chapter, mnemonic
devices are, with some necessary gnalifications, clearly the most effective.
The acronym or first-letter nmmemonic is quite useful for remembering a
relatively short list of items, particularly abstract itemns, in serial order. The
sentence mnemonic is quite effective for recalling pairs of items. As with the
acronym, the effect is more pronounced with abstract pairs than concrete
pairs. The narrative-story mmemonic is a very effective tactic for re alling
lists of moderate length regardless of whether the eriterial task demands
serial or free recall. If serial recall is important and if the material to-he-
learned is relatively concrete, the pegword mnemonic is an effective tactic
tor children, adolescents, and adults. The method of loci can be used by
most learners to serially recall rather extended lists of items. Finally, the
keyword mnemonic has proven to be a highly effective memory tactic for
children, adolescents, and adults for a varicty of associatiou tasks (c.g.,
forcign language vocabulary, cities and their products, states and their ap-
itals, medical terms and their definitions, fanous people aud their accom-
plishments). Despite these positive findings, there is still much research on
mnemonic devices that can and should be done. Few rescarchers., for exam-
ple, have explored the effects of combining two or more of the preceding
mnemonics for various tyvpes of tasks. Also to be determined is the effect of
xtended training on maintenance and generalization.

Learner-generated questions has not vet proven its worth as an effective
comprchension-directed tactic, although it may not have been given a fair
test in every case. Fnture studies should examine the role of such variables
as passage length, knowledge of the criterial task, and ability to write appro-
priate questions. An appropriate gquestion is one that relates to the demands
of the criterial task.

Note taking has been shown to be an effective comprehension-directed
tactic when the encoding process invoked by note taking is consistent with
the demands of the criterial task. Thus, students should e given clear,
detailed knowledge of course objectives and the nature of test questions if
note taking is to be of any value. Whether students shonld take notes while
they read (or while the teacher lectures) or after they read a segment of text
is open to question at this point. Likewise, whether students should take
notes or be given the instructor’s notes is unclear. Whether or not the
efficiency and/or effectiveness of note taking can he improved through train-
ing has apparently not been investigated.

The use of various text-structure analysis schemes is an cffective, if time-
consuming, comprchension tactic among college students. Because of the
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complexity and abstractness of text-structure analysis, students who have not
attained the formal operational stage of cognitive development, and this
would include many high school and junior high school students, are not as
apt to understand and use the tactic as effectively as possible. However, it
may be possible to teach such students the related but simpler tactics of
generating embedded headings and topic sentences.

B. LEARNING STRATEGIES

Learning strategy research, which means combining strategic and tactical
skills with metacognitive knowledge, is a relatively new area of exploration,
and so there are few studies from which to draw definitive conclusions.
Nevertheless, the early results are encouraging. Students as voung as 7 and
8 vears old who have been taught to implement and monitor a simple strat-
egy have demonstrated the ability to maintain the strategy over time and
apply it to similar tasks. Similarly, college students have been taught to
implement and monitor a complex-prose-learning strategy with moderate
success.

Future research on learning strategy training and use should continue to
examine the utility of the tactics discussed in this chapter for certain learn-
ers, materials, and outcomes. So far, only the tactic of text-structure analysis
has been looked at in conjunction with metacognitive training. Based on the
results of the present review, mmemonic devices, summarizing, and note-
taking might be useful tactics to incorporate into a learning strategy. In
addition, researchers might further explore the utility of combining a memo-
rv-directed tactic (c.g., mnemonic devices) with a comprehension-directed
tactic (e.g., text-structure analysis), as well as the combination of memory-
directed tactics, comprehension-directed tactics, and metacognitive
awarencss.

Finally, despite the limited and sometimes tentative knowledge that has
been generated about the use and training of tactics and strategies, re-
searchers should continue to assess their utility under tyvpical classroom
conditions. In a recent discussion of what is and is not known about training
students to use cognitive strategies for classroom use, Peterson and Swing
(1983) reached the same conclusion and offered the following four reasons for
their decision. First, some questions about the feasibility of classroom imple-
mentation of learning strategies can be answered only by research in an
actual classroom setting. Second, results obtained under laboratory condi-
tions may differ from results obtained in the classroom. Third, classroom
learning may be qualitatively different from laboratory learning. Fourth,
learning strategy use in the classroom has the potential to enhance such basie
skills as vocabulary learning, reading comprehension, and problem solving.
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I. INTRODUCTION

It could be said that during the first part of this century, developmental
psychology was largely a matter of describing what children could reasonably
be expected to do at successive ages or stages. Its orientation was normative,
and its primary tunction was to provide adequate descriptions for the behav-
iors and aptitudes of ordinary children to act as standards against which one
might evaluate the strengths and deficits of exceptional children. A second-
ary aim was to establish correlations and groupings of correlations among the
various characteristics of children, and between such groupings of abilities
and character traits on the one hand and possible antecedents on the other,
especially parental abilities, parental circumstances, and parental treatment.
Developmental psychology was therefore clinical or psychometric or both.

As to the mechanism governing progressive gains in cognition, it was
assumed that this was simply a matter of learning in accordance with the
principles established by behaviorist learning theories, the rate of such
learning being modulated by more or less innate individual differences in a
more or less general basic intelligence. Of course, adverse circumstances
were seen as possible suppressors of learning, and it was the job of psychol-
ogists and educators to uncover these where they existed and to take appro-
priate remedial action.

Not all of these aims are unworthy, nor could it be gainsaid that at least
part of the business of developmental psychology remains as it was. There is
no substitute for a rich and representative data base, to distinguish the
exception from what is the rule. Also such a data base, although not suffi-
cient, is one essential for the invention of explanatorv theories. However,
COGNITIVE CLASSROOM LEARNING: 277 Copyright © 1986 by Academic Press, Inc.
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explanatory theory was lacking in this phase of A_cz,e_c?:c_.::_ Cm%crc_cm%,‘
except in Europe, and especially in Geneva ,::Lc_..ﬁ_:., _:::c:n.c of a;:
Piaget. At that time, this work was hailed by a few, criticized by a few more,
but for the most part ignored. o

It was a situation which changed radically following publication in English
of a whole series of Piaget’s works, mainly during the vea Emc 3. 1960.
Particularly influential were the books on the general theory of intelligence
(1950), on the child’s conception of mumber (1952a), on .:5 arly develop-
ment of intelligence (1952h), on moral developent (1962). and on adoles-
cent thinking (Inhelder & Piaget, 1958). Such was ﬁr,n persuasiveness of
these and other works that from 1960 on, if not before, A_n,ﬁr:.::m:g_
psvchology has been largely a matter of agrecing ,5.9 Piaget or of disagree-
ing with him. One could be more precise 7,.< specifving two phases: agree-
ment up to about 1968, and disagreement from then on.

II. A RESUME OF PIAGET'S THEORY

Piaget’s account of cognitive development consists of two sets of con-
structs: functional invariants and structural elements which evolve in a fixed

progression.

A. FUNCTIONAL INVARIANTS

The central construct among the functional invariants is :ﬂc notion of
scheme. The scheme, for Piaget, is the psvchological source of _x,_ES.c -al
differentiation. When a scheme is evoked by environmental stimulation,
that scheme determines the interpretation of the object: how it is perceived
and how the individual will respond to it. ,

Schemes are the residue of previous experience, and the totality of
schemes represents the subject’s world knowledge at any given time. But
Piaget did not think of schemes as merely passive. Instead, :,5.< were rooted
in action, imasmuch as even the categorizations derived r.c_: _UE..QQUSE_
behavior were arrived at because of their relevance to other forms of _Vc_m:r
ior. Thus, the earliest schemes take the form of ::.::e reflexes like sucking
or grasping or visual focusing, while the earliest %me_.o_:mm.:c:m made among
objects correspond to the different things a baby can do with them: movable
or fixed, graspable, noisy, biteable, etc. . N .

When the pattern of stimulation—itself the c:?.c_:m.& an activity which
results from some scheme—results in the evocation of a new m.n_:,_:ﬁ the
process is termed assimilation. Piaget believes that every existing scheme
seeks to assimilate to itself any object: For instance, a child of 9 months may
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be observed to try out all sorts of schemes on a new object, picking it up,
rattling it, biting it, ete. Assimilation can, however, he distorting. Thus,
there is distortion in treating a brick as if it were a car (or vice versa) as is
quite typical in the play of nurserv age children.

If Piagetian assimilation were to proceed unchecked, we might well end
np in an extreme form of schizophrenia. But there is a corrective, and Piaget
calls this accommodation. Accommodation of a scheme begins as the trial-
and-error adaptation of a scheme to counter any element of novelty inherent
in the current situation. Accommodation can also result in the differentiation
of a scheme to form two new schemes. One of Piaget's favorite examples is
the discovery that coveted objects can be obtained by acting on their sup-
port. There are different ways of doing this: you can pull a cloth, while
something like a turntable has to be rotated. Accommodation is thought of as
the mechanism of all learning, be it through trial-and-error or systematic
inquiry or logical inference.

The last construct to note is the notion of equilibration. Suppose two
schemes are to be activated by the same stimulus—there is conflict if they
lead to contrary interpretations or to contrary behaviors or both, and such
conflict must be resolved. The two schemes therefore tend to accommodate
to one another, by differentiation or by fusion, and the ontcome can be the
birth of a third scheme more comprehensive than either—without actually
destroying the original pair. Piaget maintained that the processes of mutual
accommodation continued until all conflict was resolved by the formation of
these more differentiated and all emb racing schemes, and it is that tendency
which he called equilibration.

The concept of equilibration has much in common with the theory of
cognitive dissonance and its resolution (Festinger, 1957), and this may have
contributed to the acceptability of Piagetian theory in the 1960s.

According to Piaget, the universal tendency to equilibration of schemes
results in their structurization. A sot of s¢hemes is relatively unstructured if
each represents an alternative action sequence that results in a new state,
i.e., one that cannot be predicted from the results of other schemes. Con-
versely, the set of schemes is structured in the measure that the outcome of
any one scheme is precisely related to the effects of others because there are
well-defined links hetween them. Imagine a toddler who knows his way to
the park starting from home, and also the way to the local shops. Further-
more, although he also knows his way back home from the corner, he fails to
notice that he has to pass this corner on the way to the shops or the park.
What this child has is a set of unstructured schemes. They become more and
more structured as he learns his way back and forth, the limit being an
internalized map of the neighborhood. To take another example, a child who
knows how to add and how to subtract hut does not know the relation
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between these two operations may be said to have two unstructured schem-
es. There is gain in structure with the realization of commutativity (e.g., 3 +
5 =5+ 3), and further gain with an understanding of the inverse (e.g., 5 + 3
= 8 implies both 8 = 3=5and 8 — 5 = 3).

It should be clear that wherever there are equivalent routes between two
points, or equivalent action sequences hetween two states, there is struc-
ture. Also, there is structure whenever an action has an inverse. Piaget laid
particular stress on the second of these, which he termed reversibility. Of
course, not all schemes can be reversible, simply because not all of reality is
reversible—for instance, many biological processes are irreversible. Howev-
er, Piaget chose to concentrate on the development of mathematical and
logical thinking, and these he thought do have structures which are poten-
tially reversible. What is more, he considered that the kinds of reversibility
that were observable at successive periods in development were distinet
from each other and could therefore be used to identify each of three stages.
They are the sensorimotor stage, the stage of concrete operations and the
stage of formal operations, and they are held to be reached on average at 18
months, 7 or 8 years, and at some time between the ages of 11 and 15 years.

B. STRUCTURES IN PIAGETIAN THEORY

Piaget was strongly committed to the view that each of these stages is
characterized by the emergence of new structures. The idea of structure is
essential to an understanding of Piaget's view on equilibration and learning.

The idea of distinct structures is one that he adapted from mathematical
set theory, and can best be illustrated by reference to an example: the
structure of a commutative group. The set of positive and negative integers
1,2,3,...;,—-1 =2 =3, .. ) has this structure under the operation of
addition.

Addition is a binary operation which combines two numbers and
produces another number, e.g., “add (5, 2) = 77; “add (5, —2) — 37;
“add (=5, 2) —» —37; ete. This structure has five key properties.

1. The first is closure: the result of any operation or sequence of opera-
tions, however long, is always a member of the set, i.e., a single positive or
negative number.

2. The second is the identity element: there is one and only one such
element, 0, and when this element is combined with any other element
under “add,” the result is the original element.

3. The third is the inverse: every element has just one inverse and com-
bining this with itself produces the identity element. For addition, the
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inverse of any number is obtained by change of sign, and we have “add (3
=3)— 07, etc.

4. The fourth is associativity: A sequence of operations can be permuted
in any way without altering the result. For instance, “add (3, (add (3, —2)))”
means execute the bracketed operation first, which vields 1, then execute
the outer operation, yiclding 6; exactly the same result will be obtained from
“add ((add (5, 3)), —2).”

5. The last property is commutativity: the elements combined under the
operation can be taken in either order with the same result: e.g., “add (5, 2)
— 7,7 and likewise “add (2, 5) — 77 (which would not hold of the operation
“subtract”).

All this would be somewhat trivial if it were the only instance of group
structure. But there are many others. Most notably, the set of rational
numbers under the operation “multiply,” when the identity element is 1 and
not 0, and the inverse of any number is obtained by “inverting” it (§ for 2,
etc.). Both the additive and the multiplicative groups involve operations on
infinite sets, hut the same structure can be found in a set with just two
elements, namely, 1 and —1 under multiplication. Structures like the group
have considerable power in mathematics, in that they assist in the discovery
of new relations. They also make for elegance and help to contribute to
freedom from contradiction.

Piaget maintains that at each stage of development the child’s understand-
ing in any domain is associated with the structure of the equivalences that he
can recognize. At the formal stage, the principal form of structure is the
group. HHowever, at the previous stage, the key structures are not groups,
but a special form devised by Piaget himself, called grouping. A grouping is
similar to the group in regard to most of its properties, but not all. Piaget
describes four classificatory groupings and four seriatory groupings, but for
our present purpose it is sufficient to give a brief account of one, the struc-
ture of hierarchical classifications, as instanced by the class-inclusion prob-
lem. A much fuller account, but one that is still very readable, is given by
Flavell (1963).

The structure of inclusion can be followed quite easily with reference to a
concrete example, like the class of all flowers. Suppose we label this class D.
This can be split up in many ways, all of which would yield the same
structure. For instance one can foeus on spring flowers as a major subclass
and label this C, leaving other flowers as the complementary C’'. Within C,
we might select primulas for speeial attention, B, leaving daffodils and other
spring flowers as B’. As our immediate focus, we take primroses, and label
this A, leaving A’ as other varieties of primula. Any action involving these
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classes and subclasses can be represented by an equation. For instance,
putting the primroses together with the other primulas to produce the com-
plete set of primulas is represented as A + A’ = B. The grouping structure
accounts for equivalences between sequences of these actions iinplied by a
proper understanding of class inclusion. Its properties are

Composition. A+ A"’ =B)+ (B+B ' =C)=(A+ A"+ B = C). Inother
words, any sequence of classificatory unions can be combined.

Associativity. The actions can be performed in any order with the same
result.

Identity. In practice, the action that consists in leaving things as they are:
0+0=0.

Reversibility. Every action has a unique inverse, e.g., (A + A" = B) +
(A — A" = —B) = (0 + 0 = 0), (putting a sequence of subclasses together
then removing them one at a time will leave you where vou started).

Special identities. (A + B+ B’ = C) = (B + B’ = C); i.e., the addition of
A has no effect on the result because A is already included in B.

Children of 7 or 8 years and older do show an ability to anticipate the effects
of classificatory actions and their interrelations, and Piaget takes this to mean
that they have constructed such groupings and can apply them to problems
when they are needed.

Both classification and ordering are interpreted by Piaget as arguing a
more limited degree of structurization than the group. Nevertheless, he
maintains that even at the stage of concrete operations, children’s under-
standings of equivalence relations exhibit a true group structure in two
domains: number and spatial displacements. Thus the successful attainment
of number conservation in a variety of situations is taken to imply the ad-
ditive and multiplicative groups as described previously, while the mastery
of measurement operations together with the conservation of length and area
argue the presence of an analogous structure for geometrical reasoning, the
group of spatial displacements (Piaget, 1952a; Piaget, Inhelder, and Szemin-
ska, 1960)

It is supposed that at the stage of formal operations, group structures are
more ubiquitous. However, in order to show why this is believed to be so,
we need to consider what are the elements which enter into the structure of
groupings and to compare these with the elements of adolescent thinking,
The former, it will be recalled, can be thought of as equations anticipating
the effects of combining classes and comparing their properties. Related
classes are contrasted by the presence or absence of relevant properties. For
instance, the two properties of gender and graduate status combine to vield
four categories of student: using the symbols p and ¢ for the properties and

10. COGNITIVE DEVELOPMENT 283
overbar for negation, we have pg = male graduates, pg = male undergradu-
ates, pg = female graduates and pg = female undergraduates.

Now beginning with these four categories, one can go on to make up
combinations like male graduates and female undergraduates, pg-pa (where
-~ means and). The total number of possible combinations is 16, including
“all” (pg-pGpy-pg) and none (b). Piaget maintains that eachi of these com-
binations can be taken to correspond to a hyvpothesis about what instances
one can expect to meet up with. For instance Pq-pq-pG corresponds to “p
implies ¢,” because it excludes pg. One might imagine a women’s university
which accepts male students, but only if they are graduates. Less trivially,
the symbolism is used to represent the constrnction of hypotheses when
exploring a scientific principle.

One example used by Piaget is an experiment on what causes variation in
the rate of oscillation of a pendulum. If p stands for change in length and ¢
represents change in weight, we need a third syinbol r for change in rate.
Intuition may suggest that change in length is a necessary and sufficient
ause (pgrpdr, excluding pgr) or that weight is critical (pgr-pgr), or perhaps
both are required (pgr). None of these can be read off by inspection. In-
stead, the young scientist must design the experiments needed to decide
among the alternatives, and to do this systematically, Piaget helieves he or
she will have to anticipate all possible livpotheses and their interrelations.
Younger children may well be able to vead off simple classifications (there
are cight of these for three variables), but they cannot anticipate combina-
tions, which means they arc unable to design experiments or understand
scientific methodology. In the pendulum experiment, Inhelder found that
younger subjects habitually tried to verify their hypotheses by maximizing
any possible effect (ignoring alternative interpretations). For instance they
would vary both weight and length. Older subjects realized the need to vary
cach of these separately through a series of mini-experiments.

Knowing how to make the move from one combination to another is
thought by Piaget to argue the underlving intervention of a mental structure
termed the INRC group. To understand why, we introduce the symbol v
(or), together with - (and) and overbars (negation), allowing us to have a set of
related statements for cach of the 16 combinations, e.g.. p vg.p.q. pv §. cte.
(g v pis equivalent to pg-pg-pg, or p implics ). We can now define four
operations for transforming one hypothesis into another. They are

= change all signs and substitute v for - and vice versa
= change all signs

substitute v for - and vice versa

I = do nothing

@
I
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e.g., for p immplies ¢, which is the same as ¢ v p, we have

I=qgvp

N=g¢g-p
R=qgvp
C=q-p

Here the letters I, N, R, C stand for identity, negation, reciprocal, and
correlative, and the operation that combines them is simply and. Under this
operation, any two elements of the set may he combined to form another, as
shown in Table 1.

Operations in the lefthand margin, when followed by an operation at the
head of a column produce the operation shown at the appropriate intersec-
tion. If we denote N and N as N2, we find that N2 =R2=C2=]12=[:NR =
C, NC = R, RC = N, NCR (in any sequence = I and I is the identity
element, so that IN = N, ctc.

In this way, Piaget sought to demonstrate that the gains of adolescent
thinking derive from the characteristic structure of reasoning. Although
there is no space to develop it here, he believed that a similar argument will
show how the same INRC group also underlies an understanding of propor-
tionality relations in science and mathematics.

C. LEARNING AND EQUILIBRATION

We find little in Piaget’s writings about learning in the sense of the ac-
quisition of skills or learning as an accumulation of facts. Ilis learning theory
is concerned almost exclusively with the growth of understanding, which he
takes to be synonymous with the changing structures of knowledge. These
are seen as stable coordinations among mental actions. They are stable he-
cause they allow one to take cognizance of a network of related mental
actions while avoiding contradictions.

Throughout his writings on the subject (c.g. especially, Piaget, 1959a,
1959b). Piaget insists that these structures are not learned in the conven-
tional sense, through direct instruction and reinforcement; they are elabo-

TABLE 1 Structure of the INRC Group

I N R C
1 I N R C
N N 1 C R
R R C I N
C C R N I
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rated by a process of equilibration. In essence, this means that conflicting
alternative schemes will coexist so long as they are not simultancously ac-
tive, but increasing familiarity makes their coexistence inevitable, and when
this happens there is mutual accommodation resulting in the formation of a
new overall scheme which is free from contradiction.

One example is conservation. The liquid from one of two identical glasses
has been poured into a tall thin glass, and the subject is asked whether this
still contains the same amount as the glass which has been left intact. Piaget
maintains that there arc four theorctical stages in his response. In stage 1,
the only active scheme is to use the more salient cue, which is height of
liquid, and so the tall glass is said to have more. In stage 2, which is less
probable, but which may be favored by some chance circumstance, the less
salient cue will be attended to, and the child will therefore say the thin glass
(which is also the tall one) has less. To begin with, because it is not primed
by the perceptual stimulus, this response is rare, but with practice it be-
comes more common, and when this happens the child oscillates between
the two conflicting responses, more and less. This is the third stage. The
fourth stage comes when the oscillation is so rapid as to be quasi-simul-
taneous. The child now becomes aware of the conflict and resolves it by
recognizing the equality: looked at one way, the new glass has more, looked
at another it has less, but in reality it has the same amount. (Piaget, 1977).

Broadly speaking, the same principles can be invoked to explain the grad-
ual mastery of class inchisions. Here the younger child may be thought to fail
because he or she is unable to focus simultaneously on the whole class (e.g.,
all primulas) and the part (primroses); primroses are opposed to other pri-
mulas, or alternatively, they are merged with priniulas and opposed to other
flowers. Only when the two schenies are entertained at once is the child in a
position to reconcile them by constructing the more embracing scheme of a
hicrarchical structure. Now if Piaget’s description of this and other group-
ings is taken as a true representation of equivalences that are recognized by
the child, all of which are essential for avoiding contradiction when dealing
with the properties of things and events, then it makes sense to imagine that
the grouping itself and later the INRC group are the inevitable forms toward
which thinking must approximate.

The essential condition for this development seems to be the familiarity of
the constituent schemes, which must be sufficient to allow them to be com-
pared and integrated within a single act of attention.

This last point is one that is strongly urged by Pascual-Leone (Pascual-
Leone & Smith, 1969) and by Case (1974, 1978a). In Piaget’s own work, it is
at best implicit. However, the notion of spontaneous equilibration and the
role of conflict are explicit and central. They underlie the Genevan view of
learning: that it must be spontancous because it must arise out of schemes
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that are familiar; that it is produced by conflict; that intervention is effective
only when introduced when the subject is on the brink of unaided discovery.
Above all, the notion of powerful and stable structures underlies the most
controversial tenets of Piagetian theory: that instruction in isolated compe-
tences (e.g., teaching conservation) is relatively useless and cannot create
true understanding; and that the spontancous development of structures
results in distinet stages marked by different kinds of equilibrium, each
ushered by a more limited phase of disequilibrium.

[. THE POSITIVE LEGACY OF PIAGET: LEVELS OF
CONSTRUCT

I have already said that since about 1968 if not before, most of the liter-
ature on cognitive development has been critical of Piaget. Nevertheless, a
large section of recent and current research continues to draw on his work, if
only in that the same rescarch paradigims are used, whether to urge some
modification of his theories, or to expose them as invalid and substitute an
alternative approach (Modgil & Modgil, 1982; Sicgel & Brainerd, 1978). It i
for this rcason that I elected to begin this chapter with an overview of his
ideas. We do not, as at present, possess any alternative theory of comparable
sweep. Few would deny that the questions Piaget asked were important and
remain so. Equally, there are certain aspects of his approach that were far in
advance of his predecessors and more consonant with current psvchological
theory. There is no going back to the old-stvle learning theories so well
described and analvzed by Hilgard (1958). Finally, while many contempo-
rary psychologists are critical of Piaget’s interpretations, the data that he
established remain valid within limits, and they continue to pose a

challenge.

We begin with the “functional invariants.” It is interesting to note what
was revolutionary about Piaget’s notion of schemes and why this made his
approach so acceptable some 30 vears after the ideas first evolved (during the
1920s and 1930s). In putting forward the concept of the scheme, Piaget was
denying the stimulus—response approach of behaviorism and substituting a
central cognitive initiator for the control of behavior and learning. Percep-
tual stimulation, information pick-up, is dependent on ongoing behavior and
hence on the activity of some ongoing scheme. Thereafter, the interpreta-
tion of the stimulus is a function both of the original scheme and of the new
schemes that it evokes. Snch ideas might have seemed strange in the 1930s,
but by the 1960s, they had become commonplace. The model for the brain
had been, implicitly, the telephone exchange; now it was, explicitly, the
computer. Much more needs to be established about the scheme than was
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said by Piaget, but in outline such a notion is basic to contemporary cog-
nitive psychology. It should be added that the term schema has greater
currency than Piaget's scheme. Again, while the terms assimilation and ac-
commodation have not gained wide acceptance, this approach to perception
and learning is in line with most current thinking in psychology.

However, despite the centrality of functional invariants, most of Piaget’s
writing and all of his research have heen concerned with structural develop-
ment. (Notions such as the scheme are not directly researchable; functional
invariants belong to the realm of metatheory: they are not testable but they
help to point the researcher in particular directions, thereby developing
theories that are). In the next section, I argue that the central notion of
structure is unacceptable. Nevertheless, the work on structural growth has
produced a very considerable body of evidence on children’s achievements
at successive ages. Within limits, and the qualification is important, the
experimental findings have heen corroborated over the vears. At the same
time, while there are undoubted gaps in the areas chosen for investigation—
as in the relative neglect of cognitive development in the preschool vears,
most of the research paradigins devised by the Genevan school remain
significant and fruitful: the development of conservation, classification, and
seriation, followed by the acquisition of inferential strategies, including es-
pecially the control of variables in experimentation and the use of simple
functions such as proportionality. Piaget’s choice of these problems derives
from his appreciation of what it is that necds to be explained: the origin of
logical thinking, especially as this appears in scientific and mathematical
reasoning.

There remains the vexed issue of Piaget’s developmental stages. The idea
of relatively discontinuous stages has little support from research, nor is
there much evidence for two phases of aceelerated intellectual growth, one

occurring at 6-8 years and the other at about 11-13 years, these being
bounded by longer periods of equilibrinm marked by a slower rate of devel-
opment. What evidence there is would suggest the not-verv-exciting view
that the acquisition of cognitive schemes is a gradual business, whether or
not it is assisted by instruction and example, and new competences always
build on old. Nevertheless, if we look at the kind of content with which the
individual must come to terms in the course of acculturation to the demands
of our society, we are bound to recognize the need for the intervention of
constructs. What is more, these constructs can readily be classified as be-
longing to one of three successive levels of abstraction.

1. First-Order Constructs

The lowest degree of abstraction belongs in the first instance to un-
analyzed objects (mother, dog, pencil, etce.) and to unanalyzed properties of
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objects (red, large, long, hot, cte.). Psychologically, it would be incorrect to
admit a distinction of level between these two categories because both corre-
spond to discriminations that arc acquired well before the meaningful use of
words. To these we need to add perceptual judgments of relation, and in
particular the notion “greater than,” and with it “more.” Thus, Bryant has
shown conclusively that very young children learn to discriminate in terms
of relative rather than absolute size in making choices between two other-
wise similar objects. Both more and « lot seem to belong to the same catego-
ry as greater, and Donaldson and Balfour’s finding that young children are
apt to confuse the two words more and less (1968) should not be taken to
imply that they have no conception of either but rather that they cannot
decide, out of context, which is which. The phrase out of context is worth
dwelling on, for the most general characteristic of unanalyzed constructs is
that they function only in context. It is in this same sense that one can
interpret many aspects of children’s responses to relational concepts in lan-
guage such as the meaning of the prepositions in, on, under (Clark, 1973),
and the interpretation of passives. Children of 3 years do not analyze the
precise form of an utterance to decide on its meaning. Rather they assign to
it whatever meaning seems most suited to the context. For instance, because
cats catch mice and not vice versa, little children take this to be the meaning
of every one of these sentences: “The cat catches the mouse,” “The mouse
catches the cat,” “The cat is caught by the mouse,” and “The mouse is
caught by the cat” (Strohner & Nelson, 1974).

The use of unanalyzed constructs will get us a long way, for they are
essential and quite adequate to interpret the familiar world of objects and
events in terms of a commonsense one-directional set of expectations corre-
sponding to rather simple laws of causality. Such a representation is devel-
oped in terms of behavioral expectations before the intervention of represen-
tation and language, which is partly why in his later writings, Piaget does not
acknowledge an intuitive stage.

2. Second-Order Constructs

The second level of abstraction belongs to eonstruets that do not denote
everyday objects, but properties and relations that are defined on these. The
sense of defined can best be illustrated by reference to two sets of examples.
One is the familiar conservations. The number of a set of discrete objects is
defined by the action of counting each element once and once only; the
relative length of two lines is defined by putting them in parallel with one
pair of ends in alignment; relative weights are defined by placement on a
balance; etc. Given a recognition of transitivity, such constructs may be
taken to underlie the relevant conservations. In each case, the construct is
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typically the outcome of a precise sequence of actions performed on objects,
which of course does not exclude the continued use of perceptual and con-
textual estimates where these are appropriate and sufficient.

The second example is classificatory behavior. In most simple classificato-
ry tasks, the constructs do not need to bhe related to specific action se-
quences, but they do require the subject to establish clear relations between
the various properties of objects. It is thus no cause for surprise that the most
effective tasks of classificatory adequacy involve the handling of two criterial
dimensions, either simultaneously, as in matrix classification, or suc-
eessively, as in classification and reclassification. In a very well-thought-out
study, Halford (1980) demonstrated that 3-year-olds could learn to carry out
one-way classifications but made no significant progress in two-way classifi-
cations. The set-up consisted of a series of cards like the one shown in Table
2, using different colors and shapes for successive problems. One-dimen-
sional problems required the child to fill in one column (or one row) at a
time, and all distractors were different in the relevant dimension. Two-
dimensional problems involved choices from distractors which agreed with
one of the two dimensions needed but not both. From the age of 43 years
onward, most children were able to learn this form of the task. Tt may be
noted that 4 is very much younger than the age given by Piaget as the lower
bound for concrete operations. However, Halford (1980) took pains to pro-
vide maximal guidance, where the situations devised by Piaget and his co-
workers are essentially test of the subject’s ability without much guidance,
and even to resist a degree of miscueing.

3. Third-Order Constructs

The third level of abstraction belongs to constructs that cannot be defined
directly on objects and their properties because they entail a relationship
between different constructs of that order. Weight can be defined by an
action on objects, and so too can area, but pressure cannot, because it
involves a relation between them. The number of a set of objects can be
obtained directly by counting its members, but a proportion is a relation
between the ratios of two numbers, not two objects. The price of a com-
modity is defined with reference to specific actions with an object, what you

TABLE 2 Structure of a Multiplication Task

Green circle Green cross

Which one comes here?

Green triangle
Red triangle
Pink triangle

Note. After Halford (1980).
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must pay for it, where inflation can only be defined by reference to changes
in such things as prices, wages, ete.

Such constructs may denote new ideas. Thus, inflation is a concept for
which there is no more primitive parallel. But this is not always the case. For
instance we can experience a sense of pressure different from weight if
another person’s stiletto heel is brought to bear on our sandalled toe. It
follows that third-order constructs (like sccond-order constructs before
them) do not always denote new ideas. However, they do entail new ways of
defining them and more precise relations between them. One example is the
case of length and area and the relation between these. Both length and area
are properties of things, and either will be used as a response cue from a very
early age. Yet they also figure as second-order constructs when they denote
the results of mensuration, using differing, but precise actions, aud different
unit measures. But area becomes a third-order construct when it is seen as
the product of linear dimensions. Thus, Piaget, Inhelder and Szeminska
(1960) noted a considerable increase in difficulty in area measurement when
the constraints of the task were changed. It was easy enough to find out how
many tiles would be needed to line the floor of a pool, as long as there were
enough tiles available to put out one row and one column, and both of these
were unit multiples of the square tiles. The task was much harder when the
tiles had to be placed outside the perimeter of the pool when measuring it.
In a recent survey of mathematical performance among British secondary
school children, a similar step-up was found when the calculation of area
required a multiplication of lengths involving one decimal place (Hart,
1981).

Such considerations should help to introduce a further characterization of
levels of abstraction. How one arrives at one’s constructs and how one com-
bines them is the decisive factor influencing the way one conceives of the
possible and its relation to the real. Inhelder and Piaget (1958) maintain that
the critical distinction between the adolescent’s way of thinking and that of
the younger child is that while the latter thinks of the possible as a modifica-
tion of the real, the former sees the real as an instantiation of the possible.
This makes sense when taken to mean that, for certain purposes, whatever
aspect of things is under investigation needs to be treated as if it were a
construct rather than a primary datum. A first example is the separation of
variables. In the pendulum experiment the subject is forced to sct up events
by selecting appropriate lengths and weights and comparing their perfor-
mance. Children who maximize differences begin by imagining a real event
(i.e., a pendulum in motion) and then decide on what sorts of adjustinent can
be made to produce a desired effect. Those who select equal weights to test
the effect of varying length and vice versa are treating the total pendulum as
a construct, i.e., a product of its constituents. The central problem then
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becomes What are the possible variations of the set-up. what are the limits
on their realization in combination. and how does the construction affect the
outcome?

Another instance, first described by Collis (1975, 1978), and replicated in
Hart (1981), concerns the notion of variable in algebra. Children who are
introduced to algebra begin by thinking of letters as things that stand for a
unique unknown number, the business being to discover what it is. They have
no difficulty in solving problems like “g + 3 = 7. What is the value a.n..u: But
they cannot always solve problems like “¢ + d = 10. ¢ > d. What is the value of
¢?” Such problems do not allow for just one solution. But there is a solution set
which can be found quite casily by trving out successive numbers in a

aleulation: which could involve real objects. As a result, the increase in
difficulty is not very large. However, there are problems which present far
more difficulty, although they are superficially quite simple. Such a problem
is "When is 2n less than n + 27 (always, never, when . .. ).7 Trving out a
alue like n = 3, n = 12, cte. can only lead to the chance solution n = 1,
ignoring all other values between 0 and 2 as well as all the negatives. The
correct solution path demands that the subject forgets that the numbers he is
looking for stand for real things and thiuks of them as values that can satisfy ¢
relation. Instead of beginning with the numbers and establishing the relation,
one has to start with the relation. Once that decision is made, the further step
of looking at 2n ~ (n = 2) is probably obvious, and the further step of
considering 2n — (n + 2) + 0 will follow by virtue of previous experience in
algebra.

All the foregoing can be taken as constituting a strong case for the recogni-
tion of distinct levels of abstraction among the constructs needed to solve
particular problems or to arrive at certain kinds of explanations of things. It
does not mean that individual subjects will invariably select the same level of
construct for all problens.

IV.  ERRORS OF PIAGETIAN THEORY: LOGICISM
AND DISCONTINUITY

In the last section, I have been at some pains to show that there is a good
deal that is valuable underlying Piaget's theory of stages. Yet that theory has
been the subject of severe criticism along two lines. The first is directed at
the inherent logicism in Piagetian theory, whie the second concerns the
question of continuity.

Logicism is usually taken to denote a too-ready assumption by a psychol-
ogist that because a given line of inference is valid and important in logic, it
is also a correct description of actual thought processes. Even the very brief
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account of Piagetian structures given in Section II.A will have raised the
suspicion that such a charge is not without foundation. Could it be that not
all of the equivalences entailed by the eight concrete operational groupings
have their counterparts in children’s inferences? As Flavell (1963) has
shown, only a minority of the groupings are instantiated by the observations
of Inhelder and Piaget (1958). What is the evidence that all of the equiv-
alences involved in any one grouping are interdependent and that thev
develop simultaneously? The Genevan work contains no relevant evidence
because each inquiry involved different subjects. Kofsky (1966) offers some
evidence for a sequential development of classificatory hehavior culminating
in class-inclusion. Although the behaviors that were studied were taken from
Piaget, the dependences cut across the groupings and, if Kofsky is right,
they are hicrarchical. In other words, if class-inclusion requires all of the
inferences involved in cross-tabulation and some that are additional, then
success in class-inclusion presupposes success in cross-tabulation, but not
vice versa. This is not interdependence in the sense required by Piaget’s
theory of equilibration. Other work, such as the studies of Tuddenbam
{(1970) show only very moderate correlations between suecess in different
Piagetian tasks. Our own studies (Lunzer, Wilkinson, & Dolan, 1976)
vielded slightly higher correlations, sufficient to allow one to speak of “oper-
ativity” as a reliable construct that can be measured. However, even though
this was also shown to have good predictive validity (Lunzer, Dolan, &
Wilkinson, 1976), there was no evidence for distinct structures; indeed the
only differentiation that could be made by factor analysis was a factor loading
on all conservation tasks, doubtless reflecting the very obvious similarities in
procedure.

At the formal level, likewise, Piaget’s structural interpretations are open
to serious objections. For instance, the separation of variables entails neither
a complete combinatorial nor the INRC group of transformations because it
argues no more {and no less) than the ability to compare two ways of looking
at the same range of phenomena (cf. Lunzer, 1965). No less damaging is the
criticism of logicians like Parsons (1960) and Ennis (1978), who have demon-
strated that Piaget’s treatment of implication, based on the combinatorial,
carries implications that are contrary to both logic and science.

Logical structures play a central part in Piaget's theory because they
justify the notion of spontaneous equilibration. But that notion is plausible
only when taken as a loose description. Thus, two of its subordinate princi-
ples are often helpful to understanding. These are the role of conflict in
overcoming the resistance of well-established schemes, and what appears to
be a built-in negative response to contradiction. The first theme has been
recognized by many educators. The second may be a useful pointer for the
study of the origins of logic. However, Piaget’s detailed account of the
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mechanism of equilibration is far from convineing. In particular, Piaget sup-
poses that conflict between existing schemes is resolved by the emergence of
anew scheme that integrates them. The new scheme is endogenous in origin
in the sense that the child’s experience of conservation situations is all that
he needs to make the jump, or rather, experience together with a kind of
self-constructing logic—equilibration itself. What evidence we have sug-
gests that new constructs are more often exogenous in origin. They tend to
be exogenous both in the sense that the germ of the new scheme is to be
found in a different context, and also in the sense that adult modelling, adult
prompting, and adult instruction play a far greater role than Piaget would
allow.

In the case of number conservation, Piaget would have us believe that
counting is irrelevant, citing the evidence that children who can count do
not always conserve. But what this ignores is the ubiquitous observation that
a judgment once reached is very often resistant to infirming evidence,
especially when the line of reasoning used in r ‘aching the judgement is
different from that followed in its refutation (cf. Evans, 1982; Wason and
Johnson-Laird, 1972). Within the field of number itself, the fact that count-
ing ability does not guarantee conservation does not prove that counting is
irrelevant to eventual success, but only that in certain cases the child either
fails to count (indeed he may be discouraged from counting on the grounds
that, in the end, and in some conditions including the artificial setting of
conservation experiments, conservation will free him from the need to
count), or fails to reconcile the numerical evidence with the perceptual.
More recently, Gelman and Gallistel (1978) have arefully traced the devel-
opment of children’s understanding of number, noting that counting in-
volves matching the word with the action (little children are apt to get the
numbers out of phase with the tagging or pointing), an appreciable load on
memory (keeping count of the last number reached), and a recognition that
each element must be taken once and once only. Such coordinations are
impressive and demanding, although clearly they are actively encouraged by
parents and others. Now, it is at least as credible that, in the end, it is the
number concept that becomes decisive for number conservation as is
Piaget’s belief that counting is mere mumbo-jumbo nntil conservation has
been reached, at which point counting will be learned as something rather
trivial.

Another aspect of Piaget's excessive formalism is the failure to pay suffi-
cient regard to the role of analogy in thinking at every level, and especially in
children’s conceptions concerning phenomena that cannot be directly ob-
served. Recent research by science educators has shown the prevalence of a
wide array of misconceptions about such things as the movement of light and
heat, the distribution of molecules in a gas, what happens when we see, and
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the nature of an electrical cireuit (Driver & Basley, 1978). These misconcep-
tions cannot be explained in terms of the structure of children’s reasoning.
Some notions, such as the idea that light is concentrated in the vicinity of a
candle, are fairly casy to shift (there being plenty of evidence of light ray
traveling a very long way), but others, such as the idea that electric current is
used up as it travels round a circuit, prove far more intractable. I believe this
to be because electric current is an abstract third-order construct and a
particularly difficult one at that, because it is related to several other con-
structs of the same order and has few relations with more elementary con-
structs. Be that as it may, it is clear that all such misconceptions arise
because we interpret experience by analogy. And in trying to coordinate
experience in a new area, we build up a model based on another that is more
familiar. But these are dvnamic content-models of what happens to what and
how, rather than formal relations between arguments.

Piagetian theory lavs particular stress on supposed discontinuities in de-
velopment associated with the emergence of the conerete and formal stages.
Yet there is now a considerable body of evidence pointing to a relatively
unbroken continuity. Much of this has accumulated in the course of the
1970s

To take one example, where the strncturalist view argues for a more or
less sharp break between the intuitive and the concrete levels at about the
age of 7 vears it is now clear that the relevant problems can be tackled with
success at much younger ages, following on apparently modest alterations in
procedure. Thus Rose and Blank (1974) showed that failure in conservation
can be reduced by not repeating the question “Are they the same?” thereby
implying (apparently) that they are not. Likewise, Donaldson and her associ-
ates showed that if the transformation can be made to appear accidental
rather than deliberately initiated by the adult, conservation appears much
earlier (Light, Buckingham, & Robbins, 1979; McGarrigle & Donaldson,
1974).

If we turn to studies of classification, we may note the evidence of Odom
(1978), who found that matrix completion could be advanced by as much as 2
vears by ensuring that the relevant dimensions are the most salient in cach
configuration. One recalls the aforementioned work of Halford.

Finally, there are the many studies of the cffect of teaching on the acquisi-
tion of operational behavior. Here again, there is a wealth of evidence
against the traditional Piagetian view that operational thinking cannot read-
ily be taught. Much of the work has been revised by Brainerd (1978), who
comments: “The four tutorial methods on which adequate evidence is avail-
able have produced improvements in the trained concepts that satisty all the
usual Genevan learning criteria” (p. 88). The criteria referred to are superior
performance on pretest items, superior performance on at least one new
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type of item, an acceptable verbal justification of a correct response, evi-
dence of transfer, and stability as shown by a late posttest (usually ?:mé_.:m
an interval of 2—4 weeks.) ‘

w)::,: such evidence, one is led to conclude that there is no one turning
ccm:,ﬁ for the acquisition of concrete operational behavior—or, as 1 would
prefer to term it, the differentiation and stabilization of second-order con-
structs. Well-adapted and successful solutions to relevant problems may be
obtained as carly as 4, or even 3 vears, given optimal cueing and/or :c‘_:.c-
priate training. Consistent and flexible use of such constructs, including the
search for relevant criteria in the face of some degree of miscucing by the
situation or the adult is not something that comes suddenly, but Aw:_«“ as a
result of progressive transfer over a period of vears. . .

m::_._..,:. evidence for the gradual zn.::mm::.v: of third-order constructs
comes from studies such as those of Markman (1978) and Lunzer (1973).
Taken together, the arguments and tindings reported in this section seem to
me to require a substantial revision of Piagetian theory, along the lines
indicated in Fig. 1. The first representation, Figure _p.r mav be said to
represent orthodox Piagetian theory. Three domains (three orders of con-
structs) are figured, each in the form of three hands de: igned to portrav the
availability of adequate solution procedures for all the tasks that might be set
within the domain at each of the three Piagetian levels: intuitive or Vrﬁ-
operational, concrete, and formal. The domains in question might be hier-

EER Area | [ Aea 2

(b) tevels of Construct

FIG.

- Changing images of the world. See text for explanation.
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archical classification, number concepts, and experimentation. The thickness
of these bands increases to a maximum, which denotes complete compe-
tence, with the horizontal axis corresponding to chronological or mental age.
I have deliberately shown the increase in thickness as quite rapid. Also,
while there is a certain decalage for the onset of the two higher levels as
between the two domains, the extent of this is limited. Figure 1b is the
corresponding representation of the position I have been urging in this
section. The increase in thickness of each band is more gradual, and the new
band corresponding to the next level of construct emerges about the time
when gains at the lower level are becoming minimal. There is no necessary
and prolonged period of static equilibrium. Decalage, too, may be greater
than might be thought compatible with orthodox Piagetian theory.

V. MECHANISMS OF COGNITIVE CHANGE

Let me begin this final section by summing up the argument thus far. The
child’s growing interpretation of the world is a function of the constructs at
his disposal. These may be categorized by distinguishing three levels of
abstraction, which are necessarily successive within any given domain.
There is no necessary synchronicity for their attainment in different do-
mains, and even within domains, the availability of the relevant construets
for the solution of particular problems is a gradual acquisition and not a
sudden development.

There is no need to rehcarse the debt to Piaget, and differences have been
adequately set out in ecarlier sections. However, I have also argued that
Piaget’s theory of equilibration should be rejected, and because equilibra-
tion was the mechanism by which he sought to explain the process of cog-
nitive changes, its rejection means that the modified statement I have just
formulated is now purely descriptive. What are the processes which contrib-
ute to the emergence of new constructs, and especially of higher-order
constructs? More generally, are there any fundamental developments, be-
yond the accumulation of innumerable bits of learning, which help to explain
the fact that there are changes in cognitive attitude as well as accretions to
knowledge and skill. Construct levels constitute one such change: The older
and more sophisticated learner looks for different kinds of answers. There
are others: For instance, we know from recent developments in metacogni-
tion that the individual becomes a more effective learner to the extent that
he can plan his own activity once he has discovered just what he is doing in
the course of learning and what it is that could make these things easy or
difficult.

Such are the questions I address in the present section. However, were 1
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to attempt a complete answer, I would certainly need to treble the length of
this chapter, and even then I would end up with a very inadequate state-
ment. Instead, I do three things. First, [ give a highly condensed resume of
four bodies of theory, which I take to be relevant to the questions just raised.
They are frame theory, metacognition theory, working memory, and pro-
duction-system theory. Next, I say something about how each of these per-
spectives may be needed for a better understanding of cognitive develop-
ment. To that end, I define cognitive development as a change in process,
i.e., a second-order change, so allowing me to explore a model of knowledge
acquisition, which is the first-order process. This is because, having rejected
equilibration theory, one is thrown back on the assumption that what is
learned is learned during learning episodes and not by a process of consol-
idation and restructuring which takes place in the periods between such
episodes. (The last statement is too extreme, and some reservations are
necessary). Finally, Tsay a few words about some questions which I think are
still unanswered but not unimportant.

A.  ALTERNATIVE APPROACHES

1. Frame theory

The concept of cognitive frames and their role in the interpretation of
experience is one which was first evolved within the context of artificial
intelligence theory as a way of accounting for the fact that a finite system like
the brain can recognize an infinite variety of situations by assigning each new
complex to some familiar category, which already incorporates a necessary
structure and an equally necessary flexibility. The construct has been fruit-
fully applied to the interpretation of visual scenes, which change in lawful
ways as a function of movements of the viewer and of the object (Minsky,
1968, 1975), and to the interpretation of spoken and written discourse
(Rumelhart & Ortony, 1977; Schank & Abelson, 1977). A frame is a network
of related elements (which can be thought of as ideas), which has the added
characteristic that not only the elements but also the links among them are
distinctive and defined. If you have a frame, you know what goes with what,
and also how. By way of example, the frame for give is one in which an object
passes from the possession of one person to that of another as a result of an
action performed by the former. Each of the elements (donor-agent, gift,
and recipient) enter as necessary constituents in the transaction, and they
are marked by distinctive features: donor and recipient are human, gift is an
article which has value, and so on. The relations too are distinctive: the
donor does not stand in the same relation to the gift as the recipient, ete. Not
all of the elements in a frame are equally central. For instance, the bestowal
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of a gift may or may not be linked to some appropriate oceasion or circum-
stance, such as a birthday. Even if it exists, such a link may not be situa-
tionally relevant. In a narrative, clements that are irrelevant are omitted; in
day-to-day transactions, they are ignored. Whether central or peripheral,
the elements in a frame may be thought of as slots (following Minsky) which
may be filled by entitics that have the appropriate characteristics, or left
unfilled when irrelevant. If a relevant element is not supplied or if a pre
viously irrelevant element becomes relevant, the empty slot is filled by
default: One assumes that it is there and that it has the tvpical charac-
teristics. For instance, we mayv not be told what the donor gave the recipient
in some instance; if it then transpires that the gift was “the most precious of
all: love,” we accept this as a legitimate metaphor—Dbut only after a double
take: it is not what we expected to hear.

The notion of frame was introduced to help in accounting for the many
inferences that are made in the interpretation of evervday experience, in-
cluding the things that we hear and read. In order to do this satisfactorily,
there have to he many of them, and they need to exist at many different
levels. For instance, there have to be frames for the parts of the body, frames
for faces and frames for eyes; or again, we need frames for retail establish-
ments, frames for restaurants, and {rames {for menns. More than this, he-
cause the objects of experience enter into many different relations, we may
need frames for facial expressions, frames for facial types and frames for facial
afflictions, to name but a few. Nor is this enough, because in addition to such
content frames, it is abundantly clear that there are formal frames, which are
used in the interpretation of all kinds of communication (Lunzer & Gardner,
1984; van Dijk and Kintsch, 1983). Familiarity with typical sequences of
information, whether in narrative or in expository passages, helps us to make
sense of the argiment. The Rose and Blank experiment (1974) provides a
good example of such frame-induced expectation. Teachers do not usually
repeat a question if the pupil had it right the first time and the situation has

not basically altered.

Becanse experience is complex and many-sided, frames have a parallel
complexity. Because their function is explanatory, that complexity presents ¢
challenge. How do interlocking frames work together? Unlike dictionary
definitions, frames are networks of relations and not lists of properties
(Rumelhart & Ortony, 1977), but that mcans not only that they have more
interconnections, but also that these connections are active. If frames acti-
vate one another, where does the activation end? Tlow much of our knowl-
edge can we maintain at the alert at any one time? Or are there degrees of
alertness. Obvionsly, not all of the face frames are active cach time I sce a
face or hear the word. In watching a play, T can switch iy attention from
content to form or quality of the acting or whatever. How are these things

achieved?
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The notion of frame has nweh in common with Piaget’s notion of a
scheme, especially in its more general formulations and as used to descrilye
the behavior of babies. (In many of his later writings, Piaget uses the idea of
a scheme when referring to logical structures, and these have received little
attention in frame theory). But frames are hetter spelled out than Piagetian
schemes, which is why they make one face questions like how and when
?Edmm are switched off, and what triggers the switching mechanism. One
useful pointer is the suggestion that, at least in narrative contexts, subordi-
nate frames activate their superordinates, but not vice versa (Abbot & Black
1980, quoted by van Dijk and Kintsch, 1983). In other words, frames uwou
used to locate the current contents of experience within some more general
schema, but wherever possible, we operate with unanalyzed chunks of infor-
mation. We do not unpack parcels unless we have to,

It is clear that frame theory is still in its infaney, and there are many
questions yet unanswered. In our present context, one of these is how
content frames interact with form frames and anothier concerns the origin of
frames. How frames originate and how they change is one way of describing
all that this chapter is about. More specifically, one would like to have a
better understanding of the process wherehy individual experiences give
rise to generalized knowledge, or, to put the matter another way, how
episodic memories hecome transformed into semantic knowledge Aﬁ.:_S.:mu
1972). Broadly spcaking, one must assume that the process is akin to the
assimilation and accommodation described by Piaget. At a slightly more
detailed level, it is interesting to speculate that at some time in the course of
an experience or thereafter, we can and do arrive at some conclusions about
what is specific to the occurrence and what is apt to be found again in at least
some future happenings, and such metacognitive episodes may be more or
less far-reaching and more or less conscious and directed. ,

2. Metacognition

Because this volume includes a separate chapter on metacognition, I can
confine myself here to raising a single question, whicli is the role of metacog-
nition in cognitive development as a whole. This of course is the issue
adumbrated a few sentences back.

Even the most cursory study of the most frequently quoted references in
the metacognition literature make it apparent that the term is used in a
number of rather different senses (Brown, 1978: Flavell, 1979; Lefebvre-
Pinard, 1983). First, there is procedural knowledge, which I call metacogni-
N...c: L. Metacognition 1 begins as an understanding that a procedure P will
facilitate attainment of a goal G in the coutext of some task T. Tt is here that
the original insights were made by Flavell and his associates, in the context
of memory and rehcarsal. Within megacognition 1, however, one finds a
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further bifurcation, which arises inevitably out of the difficulty of deciding on
the precise relation between procedural knowledge and metaprocedural
strategy. That P facilitates G in context T is a part of megacognition proper,
and is now designated as MCla. How can we establish that this obtains of a
particular subject in a given context? One way is to invite the subject to talk
about the task and how it can be resolved. But there is another, which is to
observe how he or she sets about actually doing it. The ability to access P in
the presence of T, and especially to vary it as appropriate may be evidence of
MCla. But it is also part of the solution itself. 1 call this MClb. Strictly
speaking, MC1b is a part of cognitive behavior proper. Often MCla and
MCI1b go hand in hand. However, it is perfectly possible for MCla to be
present without MClb, as when one knows what to do in principle but
cannot always apply it in practice. Likewise, there may be MC1b without
MCla. This is presumably the case when one has been taught a routine for
doing a job. Of course the ability to vary that routine may be evidence of
metacognition or of understanding, but variatious too can be learned, which
means that these are fuzzy categories. The purist might wish to assert that
MC1b is not a part of metacognition at all but an aspect of cognition itself.
The second group of inquiries under the general heading of metacognition
comprises a growing number of studies dealing with the child as psychol-
ogist. They include some aspects of Flavell and Wellman’s work on meta-
memory (1977). Yussen's work on children’s concepts of intelligence (Yussen
and Kane, 1984) and a recent study by Pramling on the child’s conception of
learning (1983). 1 call these MC2 studies. Although interesting in their own
right, they are not always of direct concern to our present interest, which is
the potential role of metacognition in cognitive evolution as a whole, and
especially in modifying children’s constructs and their cognitive attitudes.
There is, however, a third aspect of metacognition, which is closer to
MCla and is perhaps critical in the formation of new constructs. This is the
ability to reflect on the steps in one’s own thinking, and I call this MC3. Of
particular interest is the late work of Piaget on growth of awareness (1977).
His principal thesis is that prformance generally precedes awareness. One
learns to do something before one learns how one does it. The ability to walk
on all fours may be taken as a particularly clear example. Although children
manage this before they emerge from babyhood, it is a long while Dbefore
they can rightly tell the order in which they must move their limbs when
doing so. There are many other examples in the motor field, and it might be
argued that the phenomenon is special to that field. Verbalized insights are
notoriously unhelpful for learning how to steer a bicvcle or how to turn on
skis. As against this, Brown (1978) reports a number of studies where chil-
dren’s awareness of task characteristics seems to outstrip their performance.
For instance, children of 6 years and less are well able to tell one that
rehearsing the items in an array helps in their recall, as does an organized
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arrangement, yet these same children rarely do these things spontaneously
when told to memorize, even though they know how. Nevertheless, Brown
does not leap to the conclusion that awareness is generally in advance of
performance, and it is instructive to note why. ,

There are other studies in which it is apparent that performance precedes
awareness. Perhaps the most striking is an inquiry by Brown and Smiley
(1977). This involved four groups of subjects, respectively aged 8, 10, Hw\v
and 18 years. The tasks dealt with comprehension and recall of a written
passage: All subjects were asked to rate the idea units in a passage according
to their importance and were also required to recall the passages. All four
groups, including the youngest, were scnsitive to differences in importance,
in that the more important units, as judged by an independent group of
advanced students, were better remembered by all. But the youngest sub-
jects were unable to make deliberate ratings of importance. Their ratings did
not agree with those of the independent judges, vet their relative recall
reflected these judgments and not their own.

The data relating to spontaneous rehearsal are really cases of MCla, as
defined earlier, and it is here that judgments are in advance of spontaneous
performance. MCla relates to the child’s knowledge about the effects of
procedures that can be inserted or omitted. Here, the evidence is that
children have to realize the advantages of insertion before they will go to the
trouble of putting this realization into practice. Imposing a structure on a
story or an argument is not something that one can omit at will: It is a part of
comprehension from a very early age (Paris, 1975; Paris & Lindauer, 1977).
Here, the metacognitive insight is a true act of reflection on an integral
process performed by the subject. MC3, so defined, is not a matter of
comparing the presence of something with its absence, but of establishing
how something might be varied, how these variations are defined (including
the variation actually chosen), and what would be the effect of doing things
in a different way. Although MC3 relates to intellective tasks and not motor
skills, it still seems to be the case that performance precedes awareness. To
quote Shatz (1978): “Metacognitive ability depends on an objectivization of
process resulting from the release of consciousness from the major chores of
selecting and controlling processing operations” (p. 25). MC3 looks like a
good candiate for a more general role in producing the second-order changes
postulated at the beginning of this section. At the same time, it appears to he
closely bound up with the availability of working memory space, to which we
now turn.

3. Working Memory

The thinking that takes place in response to a problem or a question
entails a series of decision processes, many of which require conscious atten-
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tion. These decisions depend on information to which we must attend,
information which results from the sclection and manipulation of items
which need to be available in a short-term, rapid access store. but which
derive ultimately from one of two origins, direct sensory information, or the
residue of carlier processing retained in long-term memory—perhaps in the
form of frame knowledge. Most psychologists are agreed that the decisions,
the items that are manipulated and their resnltants, as well as the overall
plan which determines what happens next, all occupy space in some part of
the brain which is functionally akin to the central processing unit in a com-
puter. They would agree further that the items in short-term store also need
space, and that the boundaries between these two spaces are not well de-
fined, so that there is some interchange between them: A requirement to
hold material in short-term memory may compete for space with the solution
of a problem, with detriment to speed or accuracy or both (Baddeley &
Hitch, 1974). When these ideas arc applicd to typical lines of reasoning
shown by younger and older children, it is immediately apparent that argu-
ments that are more mature are generally more demanding.

By way of example, a perceptual judgment on a conservation problem
demands an interpretation of the task requirement followed by the realiza-
tion that a comparison is called for: Because both comparands are present,
and the cue that is nsed is salient, there is no demand on short-term memory
other than the task as such, and the demand on processing itself amounts to
little more than COMPARE. A correct judgment is far more demanding.
The initial equality must be recalled, so too must the fact of transposition
{one of the clements was moved, and both are otherwise unchanged), and
because the cueing is often mimhelpful as noted earlier, there has to be a
deliberate rejection of a perceptual judgment, which would argue at least an
implicit recognition of compensation.

The idea of a link hetween cognitive development and processing demand
is one which was first adumbrated by McLaughlin (1963), who compared the
norms for recall of digit sequences of varying lengths with the ages given by
Piaget for concrete and formal reasoning, speculating that a concrete rea-
soner would need to handle four chunks of information while a formal rea-
soner would need seven. A much more sophisticated version of the notion
was given by Pascual-Leone in the late 1960s (sce Pascual-Leone & Smith,
1969). When a person faces a problem, the visnal display and the instruc-
tions he or she receives combined to evoke a number of schemes. Each of
these schemes corresponds to some relevant understanding.

For instance, in a sorting task: that this counter is blue, that it is round,
that there are red counters and blue, that there are round counters and
square, that the counters must be sorted in some sensible way. When sever-
al schemes arc evoked in this way, the response made by the subject is the
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one which is compatible with all or most of them. However, not all of the
schemes available need to he copresent: some may drop out for good reason,
because they have heen dealt with already, or becanse they arc known to be
irrelevant, but others will drop out simply because the subject is unable to
entertain more than a certain number of schemes at any one time. The upper
limit on a subject’s processing capacity is termed her or his M-power, and a
number of experiments and tests are adduced as evidence that the average 3-
ear-old has an M-power of just 1, and that M-power then increases by one
unit for every 2 vears of (mental) age, which gives modal values of 2, 3, 4, 5,
6, T at the ages of 5, 7, 9, 11, 13, 15, respectively.

For an adequate treatment of this theory, T am bound to refer the reader
to the references given earlier, or to a very clear accommt given by Robbie
Case (1974). However, the following points merit some mention here. First,

not all active schemes are held to demand M-power. A scheme that is
cvoked by the sensory display makes no demand when attended to. On the
other hand, a perceptual property which is recalled hecause it is not now
being attended to does make a demand, and so too does any psvchological
act, such as COMPARE or COMBINE, cte. Second, it is acknowledged that
children do not always use their full M-power, and there is some evidence of
a connection with field independence (the ability to maintain a psvchological
set in the teeth of misleading sensory stimuli, as deseribed by Witkin, Dvk,
Paterson, Goodenough, & Karp, 1962): The field-independent child is mM:.A_
to be a high M-processor, while the field-dependent individual is a low M-
processor. Third, M-power is not synonymous with short-term memory, nor
an it be directly measured by a test of forward digit span. However, a test of
backward digit span is said to give a fair approximation, while the best
measures involve the subject in making some decision about cach of the
dimensions in a complex stimulus (see Scardanialia, 1977).

Although this theory is quite refined, it scems to me to be open to two
criticisms. First, the stepwise and linear increments in measured M-power
seem to cry out for some further explanation; and second, the theory remains
uncomtortably vague about the way in which compatible and incompatible
schemes interact so as to evoke the final response.

The first criticism would not apply to any of the modifications of the
Pascual-Leone theory, such as those of Case (1978a), Halford and Wilson
(1980) or Fischer (1980). Thus, Case maintains that attentional apacity itself
is unlikely to show any marked increase after the age of about 1. A child
enters a new stage when he learns to handle a new kind of content. Within
each stage, the succession of substages is held to he a function of the number
of such content elements which the child can keep in mind. Tasks that are
more complex make heavier demands. The lower ceilings associated with
carlier substages are attributed not to structural limitation but to the un-
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familiarity of operations involving the elements characteristic of a new stage.
Although Case does not say so, there is a plausible alternative, which is that
the constructs themselves are less well encoded and therefore occupy more
of the available attentional space. It may be that they are also more subject to
decay in time.

Differences in cognitive capacity are held to be of two sorts: stage dif-
ferences and substage differences. The stages derive more or less directly
from Piaget and correspond to the sensorimotor, the intuitive, the concrete,
and the formal stages. However, the definition of these stages is closer to
that which I have offered earlier, because they are given in terms of content,
and indeed it seems clear that Case’s third and fourth stages involve level
two and level three constructs respectively, while his first two stages involve
first-level constructs, implicit during his stage 1 and explicit and representa-
tional at stage 2. The succession of substages can be illustrated by an exam-
ple taken at the concrete stage. When asked to compare the amount of water
in a tall thin beaker with that contained in a wide glass, the 3- to 4-year-old
simply notes one thing and goes for the one that appears to have more,
ignoring the other (isolated centration). The 5- to 6-year-old will measure
both heights carefully and choose the taller column of liquid (a unidimen-
sional comparison involving two items). At 7 to 9 vears the average child
notices the height and diameter differences and attempts a qualitative com-
pensation (a bidimensional comparison, arguably requiring three items to be
retained and attended to). Finally, at 9 to 10 vears, the same child will
endeavor to quantify the compensation (arguably involving 4 items to be
attended to). At any of these substanges—save the first—the items in ques-
tion are values of some well-defined dimension, or what I have termed
second-order constructs. At the formal stage, one would look for parallel
gradations of performance involving third-order constructs, and Joyes (1982)
provides a credible instance in an inquiry involving the control of variables.
Case himself suggests that sentence repetition, when measured by the
number of ideas that are retained and not by word length, is an appropriate
example of gradations at his second stage. Because the sentences are simple
in content (being taken from the Stanford-Binet tests for voung children),
the items concerned are first-order constructs.

Fischer’s (1980) version is similar to Case’s in postulating four levels of
complexity repeated in successive tiers. Unlike Case, he insists on the speci-
ficity of performance, with each domain involving separate “skills”. In-
terestingly, and not very plausibly, Fischer counts both second and third
order constructs within his second tier, and reserves his third tier for more
advanced intellective behaviour such as scientific invention. Biggs and Collis
(1982) are nearer to Case in their definition of constructs, but they, like
Fischer, are happy to consider cognitive achievements as more or less do-
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main specific. Indeed the main interest of their work consists in their at-
tempt to develop a usable scale for measuring the quality of pupil output
(essays and compositions, problem solutions, ete.), or learning outcomes.
Finally, Halford and Wilson (1980) confine their attention to construet lev-
els, and find three (corresponding exactly to those defined in this chapter),
which they relate to short-term memory requirement (a view that is ex-
plicitly rejected by others).

It is clear that there are several issues which are either unsolved or unre-
solved. First, I do not believe there is any reliable way as at present of giving
an absolute quantification of processing requirement for any given task—
although relative quantifications can be instructive. The magic number four
(or three) within stages or levels is only thinly supported by the evidence,
since decisions about what shall be counted as an item are generally made ad
hoc if not post hoe for each new task. Second, when a person sets about the
solution of a problem, there are two sorts of things he or she needs to access:
propositions or facts and actions or transformations to be executed. Both of
these make demands on working memory, vet attempts at quantification
almost invariably ignore the latter. It is no accident that the fine analyses
given by Case (1978Dh) and Scardamalia (1977) relate to a child’s m_:._:w to
profit from very specific and detailed instruction in narrowly defined tasks.
Third, the problem of transter cannot be solved either by taking it for
granted (Halford) or by insisting on domain specificity (Fischer). How should
one define a domain to avoid overlap?

However, despite the persistence of such problems, T have little doubt
that both level of construct and processing requirement are necessary ele-
ments in any attempt to elucidate the mechanisms underlying cru:wcm in
cognitive capacity.

4. Production Systems

Models like those we have just considered highlight the fact that a theory
of cognitive development must incorporate some way of accounting for
changes in the content which the child can handle, as well as changes in the
complexity of the processing sequences that are brought to bear on that
content. Within the modelling of the processes themselves, the theory
should offer a plausible explication both of the origins of new ox@oi?@%
these being specifications of the sequences Just referred to, and of the way
the implementation of an executive interacts with the execution of each step.
In other words, as we have just noted, the child has to learn new sequences
which are flexible enough to be serviceable when applied to a range of
related tasks, and while implementing such an executive, he or she needs to
keep track of where she or he is at within the task as a whole while simul-
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tancously observing the constraints involved in the current step. If we had a
really good theory it would explain all these things. Working memory theo-
rics are strong on the distinction between content and process (although
they are not very specific about the way new contents come about). Howev-
er, their descriptions of process fail to account adequately for the interre-
lations of executives and their implementation, nor do they tell us a great
deal about how these executives come to be formed when they are not
directy taught. Production svstems are models which are very specific about
the implementation of sequence .

A production is a rule which specifies that one or more actions is w.c be
performed if the conditions are as stated. Individual productions are highly
circumnscribed, but sets of productions form systems which regulate the
performance of all kinds of task. A production system for leaving a room

might look like this:

GI = GOAL: LEAVE ROOM

(GI)GAP IN WALL) — WALK THROUGII
(GI)DOOR OPEN) — WALK TIIROUGII
(GIXDOOR CLOSED)IIANDLE ROTATED) — PULL HANDLE
(GI(DOOR CLOSED)IIANDLE LOCATED) — ROTATLE {IANDLE
ANTICLOCKWISE
(GI(DOOR CLOSED) — LOCATE HANDLE
(GI) = FIND DOOR

The bracketed phrases to the left are conditions, while the injunctions to the
right are actions. Each line is a separate production and the whole sequence
is a production system. Such a systemn ensures a certain flexibility: for in-
stance, you do not try to open an already open door. Tlere, all conditions
other than GI are states of affairs which are registered by perception. m%m-.
tems for the solution of representational problems ineluding any kind of
thought will include conditions relating to two sources of input: perception
and short-term memory. Also, the actions specitied by a production system
will frequently include an injunction to store an item in short-term memory.
Again, because production-system theory is designed to model m:r:.:::_c:
processing in human beings, it is assumed that short-term memory capacity
is limited: Putting an extra item in the bufler is liable to knock ont one that
was previously present, thereby altering the input state. In these _.om_.ucc?,
the theory is at least potentially congruent with the theories described in the

G
G

last subsection.

There are, however, important differences. Production-system theories
do not in general provide for separate exceutives or strategies. Instead, it is
assumed that the adaptiveness of hehavior is guaranteed by the mcc,ﬁmcxz of
conditions for each production, taken together with a limited set of rules for
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the resolution of conflict hetween rival productions when more than one set
of conditions are met (Newell, 1980). Production-system theory originated
with the work of Newell and Simon (1972) as a computer system for model-
ing human problem-solving. Several versions exist, differing partly in the
choice of aspects of performance taken for granted and those which arc
actually incorporated into the program. In general, systems are written to
model fairly specific areas of performance: We do not have an overall pro-
duction-system model of the brain as a working entity—although Newell
(1980) does offer a clear acconnt of what such a model would look like and the
features it must incorporate, including specifications for the creation of new
productions out of the contents of the short term memory store. Within the
field of cognitive development, production systems have been developed for
modeling class inelusion (Klahr and Wallace, 1972), conservation of number
(Klahr and Wallace, 1976), scriation (Baylor and Gascon, 1974), and geo-
metrical problem solution (Greeno, 1978).

Production-system modeling helps to pinpoint differences in process as
between more and less advanced solutions to specific tasks, as well as dif-
ferences hetween related tasks of unequal difficulty, such as seriation of
length and of weight (Baylor and Lemoyne, 1975). However, the construc-
tion of production systems capable of improving their performance by con-
structing and incorporating new productions remains a problem for the fu-
ture. Also, few if any cxisting systenis incorporate all of the features that
would be necessary for a realistic model, i.e., one which not ouly does what
the human processor does, but does it in a credible way, and fails under
conditions where the human operator fails. These features include the dis-
tinction between perceptual input and short-term niemory, procedures for

recognizing and substituting specific entitics in productions containing vari-
ables, a provision for search productions which will seck out intermediate
goals while retaining an overall goal, some liniitation on the time during
which a given production can retain control, and so on.

It seems to me that when all these features are added, the effect is to blur
the distinction between frame theory and production-system theory. 1Tow-
ever, this should not be taken to imply that this theory is redundant. Be-
ause production systems are precise expressions, they arc a salutary disci-
pline for the theorist. The danger is the temptation to produce svstems that
are powerful and effeetive but lack credibility as models for the human
processor, whether child or adult.

B. TrEe LOGIC OF THINKING

The problem as outlined at the beginning of this section is how to explain
the more far-reaching changes in cognition that must underlie the new



308 ERIC LUNZER

constructions and far transfer which seem to be necessary to account for such
phenomena as the spontancous development of conservation or class inclu-
sion behaviors or the evolution of higher-order constructs. Four important
approaches were considered in the last subsection. Because they are rela-
tively recent in origin, all have as yet unrealized potential. However, none is
sufficient on its own, the more so as the processes that are envisaged are not
limited to cognitive growth but extend to problems of cognition as a whole.
In other words, a proper answer to our question would constitute a compre-
hensive theory of cognition as well as its development. Needless to say, we
do not make the attempt. But it may be helpful to look at the question in the
light of the previous discussion, so as to gain some sort of preliminary
perspective.

One of the central tenets of Gestalt psychology was the belief that the
contents of the mind undergo a gradual process of restructuring while in
store. It is a view which has few adherents today. There is physiological
evidence of consolidation processes, the effects of which may be protracted
over several hours or even days (Deutsch & Deutsch, 1973), the implications
of which are by no means clear. Nevertheless, I assume that to all intents
and purposes, cognitive changes occur during cognitive episodes or very
shortly after. If children learn to learn, it is while learning.

Such is the justification for introducing Fig. 2. This is not designed to be a
complete flow-diagram for learning episodes, and indeed there are many
others which are much better from that point of view. Tnstead, it is intended
solely to bring out certain significant features which I take to be charac-
teristic of cuvironmental encounters in general and of learning episodes in
particular. First is the distinction between routine performances and be-
haviour in tasks that pose a problem in one form or another. Theories of
instruction are concerned mainly with the left-hand loop, because it is as-
sumed that the learner will know what to do if the instruction is adequate.
Within the left-hand loop, evaluation often appears as part of a prescription
for good teacher behavior. In the context of the present discussion, it is the
right-hand loop that holds the greater interest. Figure 2 is an outline of any
behavior, including both the skilled operator and the pupil or learner. As
such, it includes a provision for revising the experience and its outcome. But
it also provides a bypass route. Begiuners may be unable to take cognizance
of the route they have followed, or they may not see the gain in doing so,
although such metacoguitive activity may be essential for certain kinds of
learning. Similarly, when the right-hand loop is taken (i.e., when there is no
ready-made plan available for dealing with the situation as cognised), there
are at least two ways of initiating a search for a way out. The beginner’s way
is to modity the situation in the hope that something will suggest itself in the
form of a subgoal and a subplan, or even a substitute goal. A more sophisti-
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INTERPRET

(read situation
formulate goal)

i

Access Review situation
el Modify situation ==
Implement Formulate
plan sub-goals
Tag plan *
‘unsatisfactory?’ Access
Goal A sub-plans
N reached? Exit temporarily
or abandon
Y Form
new plan
Constraints
N observed?
< n -
Execute final ﬂmmnoﬂﬂ—l'_ mx:_
=== Bypass used by beginners Feedback to LTM

(Not a conscious process)

FIG. 2. Significant features of a learning episode.

cated performer may attempt an analysis, with greater or lesser success, and
even if such an analysis leads to an actual modification of the situation, this
will feed back to the original review activity before issuing in the sequence
which will result in the formation of a new plan.

As to the way in which new plans are formed, we have little to go on save
that these must somehow combine fragments of existing plans, that the
assembly of an overall plan will often entail an ordering of subplans, and that
even when a plan has been formed and control passes to the mechanisms
which direct implementation, the subject’s hold on the plan itself is likely to
be tenuous to begin with, with the result that the goal may never be reached
even though the plan was adequate.

However, there is no profit in reiterating the obvious or in parading
uncertainties. But it may be instructive to compare Fig. 2 with Table 3. This
is really one way of saying that as things stand at present, more than one
theoretical approach is needed to advance our understanding of cognitive
development but that different contributions illuminate different facets of



310 LRIC LUNZER

TABLE 3 Learning to Learn: A Categorization of Problems
and Relevant Theory

Locus or proce Relevant theoric

INTERPRET Frame theory

ACCESS PLA Frame theory
Production systems

IMPLEMENT Working mewmory theory
Production systems

REVIEW

CONSTRAINTS OBSERVED? Metacognition

FORM NEW PLAN (Production systems)
(Frame theory)
(Levels of construct)
(Metacognition)

FEEDBACK TO LTM Traditional learning theory

the problenr. Only the principal cmphases are indicated in the table, which
means that it is not designed to be read in a negative sense. For instance,
production system theory may well have relevance for INTERPRET or even
for REVIEW, but its principal impact to date has been to further our under-
standing of the IMPLEMENT phase.

The penultimate insertions of Table 3 are given in brackets as a way of
suggesting that there is a long way to go, and we are not surc where to look.
Nevertheless, because of the centrality of the problem, it mav be worthwhile
to consider at least one possible chain of eveuts. We suppose first of all that
the role of INTERPRET is partly to match the input to some specific slots in
some relevant frames. (It also entails a preliminary code-breaking.) We re-
call that there are certain kinds of frames, or parts of fraines, sometimes
called scripts, which tell the operator what to do next and what to look out
for when it is done. Also, scripts are rules for handling variables, not con-
stants: for instance, “subtract the smaller number from the larger” and not
(or not just) “take 3 from 8.” The left-hand route of Fig. 2 will then be taken
if, despite the novelty of the input situation, there is a mapping of situation
features onto script slots, which is sufficient to allow the seript to dictate the
behavior. (All this could also have been said in production-system language.)

When the mapping is inadequate, control of hehavior enters the REVIEW
phase, always supposing there are sufficient metacognitive skills available to
sustain a review—if not, the MODIFY hypass will be taken and more often
than not will result in frustration and task abandonement. Now one of the
things the REVIEW phase does is to promote repeated scans through the
input features, thereby allowing new frames to be accessed (with luck). Such
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frames may he of different sorts. For instance, it was argued earlier that
there are form frames as well as content frames. By way of example, a child
who is asked about the conservation of weight may bring to mind what the
things might feel like when lifted, or knowledge about different kinds of
scales, or of units for measuring weight, but he mav also bring to mind

expericnce of other conservations (and we know that different kinds of con-
servation correlate as a conservation factor), or general knowledge of mea-
surement. In other words, there are a great many frames which pertain to
Level 2 constrnets, and these may be thought to facilitate one another. It is
not unreasonable to suppose that the greater role of these frames in indus-
trialized socicties accounts in part for developmental lag in undeveloped
communities

Frames that are accessed in this manner are unlikely to afford the exact
match with input necessary for immediate implementation. Hence, the ad-
vantage of a facility for modifving the situation to point up wavs of circum-
venting inadequacies. Modification of the situation is a primitive response,
but tentative modifications or mental modifications are not. Such modifica-
tions are a form of analytical hehavior triggered by the review process, and
their results feed back to that process. Even then, we may suppose, the
output of the REVIEW will often take the form of a set of partial mappings of
features to slots from different frames.

It is possible, but by no means certain that this kind of tentative and
inchoate parcel would then be passed on to a FORM NEW PLAN phuse,
which undertakes the business of selection and ordering, and does this in a

more pragmatic way, selecting what can be done given the present state of
affairs. This would lead to trial-and-error hehavior as opposed to a perfectly
thought-out anticipation as the modal form of response to new situations.
However, given the further opportunities for correction and refinement
implicit in the diamond labeled “CONSTRAINTS OBSERVED? we may
imagine that repeated cveling through the loop will eventually result in the
formation of new frames. One presumes that these are constructed by
adding slots to existing frames, or by joining frames that were once separate,
or both. The end result would be to have available the sort of routine plan
which enables the subject to take the left-hand loop through Fig. 2.

Not shown on the figure, but not inconsistent with its intent, is the poten-
tial of rehearsal or reminiscence after an interval. Rehearsal of this kind is in
any casce a reconstructive process which relies on more general frame-like
constituents of semantic memory to re-create the remembered episode by
supplying missing detail slots with typical or default clements, or even by
refashioning the structural outlines in line with knowledge acquired in the
interim. This, surely is the most plausible explanation of the phenomenon
noted by Piaget and Inhelder (1973) that children who are asked to recon-
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struct a conservation or a seriation set-up after an interval of several months
frequently exhibit better structures and hence apparently superior recall as
compared with their own performance immediately after the event.

I have to stress that all of the foregoing is no more than reasonable spec-
ulation in the light of the known. However, if it is at all near a correct
picture, then much of the fundamental learning and relearning which might
be responsible for far transfer takes place in and through metacognitive
episodes, either in the REVIEW phasc of the original learning incident or
through rehearsal after the event. The idea that the reconstructions so
achieved may be more reasoned and reasonable than the original solution
process would be entirely consistent with dual-process theory of problem
solution, according to which there is a sharp distinction between the selec-
tion and execution of response which is characteristically unreflecting and
the reasoned reconstructions offered by the solver as a rationalization of his
efforts (Evans, 1982; Wason & Johnson-Laird, 1972).

All this would imply that, in the end, the emergence of new forms of
cognition and problem solution owe a great deal to an innate drive for
consistency. I know of no alternative to the metatheory which accords to the
infant right from the start certain innate logical functions, including the
recognition of sameness (but not of equality), of negation, of variation and
comparison, and of the rejection of contradiction (cf. Piaget, Grize,
Szeminska, & Bang, 1968). Out of these are born, more or less separately,
the kind of logic of thinking which is implicit in the preceding account, and
the discipline of logic, which is a slow-developing specialization that relies
heavily on teaching as a separate skill (e.g., Bourne & O’Banion, 1971;
Lunzer, 1973; O’Brien, Shapiro, & Reali, 1971, and, especially Osherson,
1974). The principal difference between these two is that whereas the former
considers only relevant alternatives and their implications, formal logical
systems are unable to accept such a limitation. This is mainly because rele-
vant is a fuzzy category, and logic exists for the special purpose of eliminat-
ing fuzziness or circumventing it.

REFERENCES

Abbott, V., & Black, J. B. (1980). The representation of scripts in memory (Tech. Rep.). New
Haven, CT: Yale University, Department of Psychology.

Baddeley, A. D., & Hitch, G. (1974). Working memory. In G. H. Bower (Ed.), The psychology
of learning and motivation (Vol. 8). New York: Academic Press, pp. 47-89.

Baylor, G. W., & Gascon, ]. (1974). An informaton processing theory of the development of
weight seriation in children. Cognitive Psychology. 6, 1-40.

Baylor, G. W., & Lemoyne, G. (1975). Experiments in seriation with children: Towards an

10. COGNITIVE DEVELOPMENT 313

information processing explanation of the horizontal dacalage. Canadian Journal of Behav-
ioral Science. 7, 4-29.

Biggs, J. B., & Collis, K. F. (1982). Evaluating the quality of learning: The SOLO taxonomy
{(Structure of the observed learning outcome). New York: Academic Press.

Bourne, L. E., & ’Banion, K. (1971). Conceptual rule learning and chronological age. Devel-
opmental Psychology, 5. 525-534.

Brainerd, C. J. (1978). Learning research and Piagetian theory. In L. S. Siegel and C. ).
Brainerd (Eds.). Alternatites to Piaget: Critical essays on the theory. New York: Academic
Press, pp. 69-100.

Brown. A. L. (1978). Knowing when, where and how to remember: A problem of metacogni-
tion. In R. Glaser (Ed.), Advances in instructional psychology (Vol. 1, pp. 77-165). Hills-
dale, NJ: Erlbawn.

Brown, A. L., & Smiley, S. S. (1977). Rating the importance of structural wits of prose
passages: A problem of metacognitive development. Child Development, 48, 1-8.

Bryant, P. E. (1972). The understanding of invariance by very young children. Canadian
Journal of Psychology, 26, 78-96.

Case, R. (1974). Structures and strictures: Some functional limitations on the course of cognitive
growth. Cognitive Psychology. 6, 5344-573.

Case, R. (1978q). Intellectual development from birth to adulthood: A neo-Piagetian interpreta-
tion. In R. S. Siegler (Ed.). Children’s thinking: What decelops? (pp. 37-71). Hillsdale,
NJ: Erlbaum.

Case, R. (1978D). A developmentally based theory and technology of instruction. Review of
Educational Research. 48, 439-163.

Clark, E. V. (1973). Non-linguistic strategies and the acquisition of word meanings. Cognition,
2, 161-182.

Collis, K. F. (1975). The development of formal reasoning (tech. rep.). Newcastle, N.S.W..
Australia:

Collis, K. F. (1978). Operational thinking in elementary mathematics. In J. A. Keats, K. F.
Collis & G. S. Halford (Eds.), Cognitive development (pp. 221-283). New York: Wiley.

Deutsch, J. A. & Deutsch, D. (1973). Physiological psychology (rev. ed.). Homewood, 1L:
Dorsev Press.

Donaldson, M., & Balfour, G. (1968). Less is more: a study of early language comprehension.
British Journal of Psychology, 59, 461-471.

Driver, R. & Easley, J. (1978). Pupils and paradigms: A review of literature related to concept

development in adolescent science students. Studies in Science Education, 5. 61-84.

Ennis, R. H. (1978). Conceptualization of children’s logical competence: Piaget's propositional
logic and an alternative proposal. In L. S. Siegel & C. |. Brainerd (Eds.). Alternatices to
Piaget: Critical essays on the theory (pp. 201-260). New York: Academic Press.

Ervin, S. (1961). Changes with age in the verbal determinants of word-association. American
Journal of Psychology, 74, 361-372.

Evans, J. St. B. T. (1982). The psychology of deductive reasoning. London: Routledge.

Festinger, L. (1957). A theory of cognitive dissonance. Stanford. CA: Stanford University Press.

Fischer, K. W. (1980). A theory of cognitive development: The control and construction of
hierarchies ol skills. Psychological Review., 87, 477-531.

Flavell, J. H. (1963). The decelopmental psychology of Jean Piaget. Princeton. NJ: Van
Nostrand.

Flavell, J. 11. (1979). Metacognition and cognitive monitoring. American Psychologist, 34, 906—
911.

Flavell, J. H., & Wellman, H. M. (1977). Metamemory. In K. V. Kail and [. W. Hagen (Eds.),





