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PREFACE

This volume contains papers presented at a Conference on Analyses
of Concept Learning, sponsored by the Research and Development
Center for Learning and Re-education of the University of Wisconsin,
held in October, 1965. The goal of the R & D Center is to secure more
efficient learning for children, youth, and adults, particularly related to
concept learning, problem solving, and the nurturance of related cogni-
tive abilities. To achieve this goal, knowledge must be brought to bear
upon concept learning. At this Conference, sixteen eminent scholars—
psychologists, philosophers, subject-matter and curriculum specialists—
from the United States and England dealt with four main topics: schemes
for classifying and relating concepts, the learning of concepts, leamning-
teaching processes, and concepts in various subject fields.

In the first chapter, Professor Rom Harré, a philosopher whose specialty
is the theory of knowledge, presents a formal analysis of concepts. He
outlines two major views of the nature of concepts and the logical
characteristics of these views. Related to this analysis he discusses some
methods for classifying concepts. In the second chapter, Professor Philip
Merrifield provides an analysis of concepts from the point of view of the
structure of intellect. After describing the origin and current status of the
structure of intellect, he relates it to the nature of concepts and concept
learning.

Seven psychologists present views about the learning of concepts in
Part IL In Chapter 3, E. James Archer delineates the psychological
characteristics of concepts. Especially noteworthy is his treatment of the
utility of concepts in human behavior. Next, Benton J. Underwood dis-
cusses some relationships between concept learning and verbal learning.
Many similarities in methods of study and principles of learning are
indicated. With his usual incisiveness, Underwood points to the need for
greater familiarity with verbal learning on the part of those studying
concept formation. James J. Jenkins argues that stimuli achieve meaning-
fulness through their relationship to a conceptual system and describes
as an example a systematic linguistic approach to the meaningfulness of
verbal stimuli. From this point of view, it is reasoned that it is the posses-
sion of complex conceptual schemes by the subject that bestows meaning
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viii PREFACE

on the stimuli encountered rather than the meaningfulness being given
to concepts by the number of stimuli being associated with them. Jenkins
makes a strong case for increased study of conceptual systems. In Chapter
6, Robert M. Gagné differentiates between concepts and principles and
proposes that the conditions for learning principles differ in certain re-
spects from those for concepts. He describes a number of research
questions pertaining to the conditions of principle leamning. Jerome
Kagan presents a developmental approach to conceptual learning in
Chapter 7. He clarifies two problems: (1) How and why do conceptual
structures change with experience? (2) What is the organization of con-
ceptual units at different developmental stages? These questions properly
indicate that prior proposed solutions, including those by Piaget, are
incomplete. Next, Nancy Bayley draws from her extensive longitudinal
data, including that gathered in 1965, to describe the growth of intellec-
tual abilities from infancy into adulthood. Implications for leaming in
adulthood are given. In the last chapter of Part II, Arthur R. Jensen
discusses the problems and current status of knowledge regarding in-
dividual differences in concept learning. Our current knowledge about
individual difference in the processes of learning is meager as compared
with our knowledge of individual differences in status or the products of
learning. Jensen’s chief contribution is the definition of the problem of
individual differences in learning in terms that permit an experimental
analysis of the basic dimensions or sources of individual variation.

The papers in Part III deal with learning-teaching processes. David P.
Ausubel discusses the nature of meaningful reception learning and its
relative role and importance in the total enterprise of classroom learning.
He differentiates between concept formation and concept assimilation in
terms of meaningful learning and their application to the usual subject
matter of the schools. Based on seven years of research with elementary
school children, J. Richard Suchman presents a model for the analysis of
the behavior of inquirers. His model relates the functions of storage,
retrieval, perception, overt action, and motivation through a central
mediating function. In Chapter 12, Cynthia P. Deutsch presents a dis-
cussion of the verbal, perceptual, and attentional characteristics of the
disadvantaged child with respect to some of the skills underlying concept
learning. Using data collected from studies of pre-school and elementary
school children, Dr. Deutsch evolves a cultural relativism hypothesis to
explain the intellectual retardation of the lower class child and suggests
compensatory instructional approaches.

The last four chapters deal with concepts in various subject matter
fields. In the first of these, Kenneth Lovell answers the following ques-
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tions. What is the nature of mathematical concepts? What are the major
points of view regarding the learning of mathematical concepts? To what
extent is Piaget’s developmental psychology useful in determining the
nature of and the learning of mathematical concepts? Howard F. Fehr
defines the mathematical concept as a complex entity and delineates
fourteen basic concepts to be taught in the elementary school. He clarifies
the problem of categorization of such concepts and suggests learning
outcomes, other than concepts, which are major objectives of mathemat-
ical instruction. In his chapter on concepts in science, Joseph D. Novak
describes the major problems which arise in attempts to define and
categorize scientific concepts. He deals with implications of this for
curriculum development and classroom instruction. In the final chapter,
Stanley Kegler answers the question, “What is English?” and identifies
some concepts in the study of language.

The editors’ convictions about the importance of concept learning re-
sulted in outlining certain questions that must be considered and event-
ually answered if understanding and control of concept leamning are to
be advanced. The contributors clarified some of these questions and also
raised others. All of us are indeed fortunate that so many able contributors
gave generously of their knowledge and time. Each contributor not only
prepared, presented, and then discussed his paper at the Conference, but
he also revised it after the Conference. Thus, the final content of each
paper is the sole responsibility of the contributor. The editors merely
developed the framework for the Conference, planned the details, and
did minor editing, mainly to insure consistency of form and style.

HEeRBERT . KLAUSMEIER AND CHESTER W. HARRIS
Madison, Wisconsin
August, 1966



CHAPTER 1

THE FORMAL ANALYSIS OF CONCEPTS
ROM HARRE

LINACRE COLLEGE
OXFORD, ENGLAND

The first question I asked myself when thinking about this paper was
how it was that a philosopher has anything to contribute to a conference
that is attended mainly by psychologists. The reason lies in our common
interest in concepts. Not so long ago philosophers were saying that what
they were doing when they were “doing” philosophy was really con-
ceptual analysis. I shall not try to say why they have recently stopped
saying this because I suspect the reason is a matter of change in fashion
rather than sudden enlightenment. I shall say something of the history
of this conception of philosophy and in so doing try to bring out the
important points about the ultimate products of that history, the various
methods for the more or less formal analysis of concepts. And I shall
try, too, though briefly, to indicate why linguistic philosophy is now
being abandoned, at least in its place of origin, and the tie-up between
concepts and language loosened, since postlinguistic philosophy has
much to offer any scientific investigation of concept formation by pro-
viding some new conceptual tools without which no scientific investiga-
tion could be carried out.

What is our common field of interest? What are concepts? Concepts
are the vehicles of thought. When we talk about “employing concepts,”
“acquiring concepts,” “analyzing concepts,” we are talking of using,
learning, and anatomizing the entities by means of which thinking is
carried on. But to have said this is not yet to have said much. Until one
knows what concepts are in a more specific way, that is, is able to iden-
tify a concept, one can hardly be said to be in a position to analyze
anything. On the other hand, no answer to any question as to the nature
of concepts is required before one can employ or acquire concepts. One
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4 ROM HARRE

does not need to understand economics in the sense of being able to state
explicitly the principles of that science to be able to make money; flair
is enough. It is a well-known fact that paying attention to the way one
brings the racquet into contact with the ball spoils one’s game, at least
to begin with, though no doubt one plays better later on. But in order
to analyze some entity, a specimen must be identifiable. You must catch
your worm before you begin a lesson in vermiform anatomy. Further-
more, the method of analysis, the analytical tool chosen, will depend on
the nature of the entity in question. It may be that difficulties arise be-
cause the wrong tool is chosen from the right box, as when one chooses
a screwdriver to analyze a machine that has been bolted together. It
may be that one has not come equipped with the right kind of tool.
One must have a firm idea of what a concept is before one can begin to
analyze. By calling concepts “vehicles for thought” I have roughly indi-
cated where I think we all believe these entities are to be found, but so
far I have said no more than I might have said to an explorer when I
tell him “The Okapi will be found among the fauna of Central Africa.”
Concepts, we all agree, are involved with the means of thinking.

Philosophers have had two answers to the question “What exactly is
a concept?” From these, two main kinds of conceptual analysis have
proceeded. The first answer is arrived at by connecting concepts with
images, the second by connecting concepts with language. Philosophers
have a habit of going whole hog for some view or other which they
favor at any one time. While connecting concepts with images they were
not much bothered about language, and, similarly, while connecting
concepts with language they were not much bothered by former con-
nections with images. In the imagist period the meanings of words were
identified as images; in the linguistic period the image and its objective
counterpart, the picture and model, were eliminated in favor of sentences
describing the picture and the model. What postlinguistic philosophy is
doing is seeking to restore the image and its counterparts to their right-
ful independence without losing the insights obtained from the attempts
to analyze concepts as linguistically connected entities.

But why analyze concepts? What is to be gained by this activity if,
indeed, there is really any such activity that is legitimate? I suppose the
short answer is the pursuit of clarity and the elimination of muddle,
so that certain ways in which we can be misled are eliminated. Some-
thing of which the delineation is vague can be mistaken for something
else, and so on. It is a very old philosophical doctrine that some ideas
are muddled, confused, unclear, and misleading, and other ideas are
ordered, clear, and veridical. And it is a very old philosophical aim to
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replace the former by structures of the latter. Of course, the question of
which ideas are the clear ones and which the muddled has always been
a matter of dispute, and one of the things that philosophers do is to try
to show that some ideas which some other philosopher thinks are clear
are actually muddled and indistinct. The simplest analysis of this kind
would be what is called these days “disambiguation.” Suppose someone
says, (A) “The cat is on the mat.” This is disambiguated by producing,
(B) “The feline animal is on the mat,” and (C) “The nine-thonged whip
is on the mat.” The game now is to show that one or both of these is
ambiguous by producing, for instance, as disambiguators of (B), (B1)
“The feline animal is on the small floor covering,” and (B2) “The feline
animal is in disgrace.” One can go one step further at least by dis-
ambiguating (B1) with (Bla) “The feline animal is on the covering of
the small floor” and (B1lb) “The feline animal is on the small covering
of the floor.”

The aim of analyzing concepts is clarity, and so one would, after
analysis, be able to replace the muddled or terse concept by other con-
cepts not muddled, not terse. For this to be possible there must be at
least less muddled and less internally complex concepts. Indeed, there
must be a recognizable ordering or hierarchy of concepts from the less
to the more clear. What makes a concept less clear? Is it perhaps a
psychological question? It seems that conceptual analysis roughly
amounts to the breaking down of complex concepts into structures of
simpler concepts. And if clarity is achieved in this way it might be
because the simpler concept is easier to understand, and the more com-
plex is more difficult. But how can one tell if a concept is easier to under-
stand? Is it not possible that, as a matter of fact, a simpler concept may
be more difficult to grasp than a complex one? This is true of certain
sorts of understanding, for instance, the way some children find the word
“elephant” easier to remember how to spell than the word “pet.” Any
criterion of simplicity must be extrapsychological, it seems, so if there
really is to be proper conceptual analysis there must be some objective
way of ordering concepts in a hierarchy so that we can know what
needs analysis and into what elements. The difficulty of meeting this
requirement in an agreed way has been one of the chief stumbling blocks
to conceptual analysis.

The subject of this paper is the formal analysis of concepts, and formal
analysis, that is, analysis using the techniques and technicalities of logic,
can only be appropriate when concepts and language have been con-
nected. I believe, however, that a more just appreciation of logical and
linguistic analysis is obtained when a passing glance has been given to
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their predecessors—the analysis of concepts as images, or ideas, as they
were then called. Analyses of this sort were performed in the age when
concepts and mental images were connected. They were connected in
the simplest possible way, for it was assumed that concepts were mental
images, that images were the prime vehicles of thought, and that speech
and language were generally secondary. “The general use of speech,”
wrote Hobbes, “is to transform our mental discourse” by which he meant
a train of images, “into verbal.” As he said, it . . . transfers a train of
thoughts into a train of words.” Its utility is then solely that of com-
municating ideas, as they used to say.

Descartes expressed the “Faith of the Analyst” in the “Fifth Rule for
the Direction of the Mind.” He said, “Method consists entirely in the
order and disposition of the objects towards which our mental vision
must be directed if we would find out any truth. We shall comply with
it exactly if we reduce involved and obscure propositions step by step to
those that are simpler, and then starting with the intuitive apprehension
of all those that are absolutely simple, attempt to ascend to the knowledge
of all others by precisely similar steps.”

Analysis has usually been practiced in order to show that some con-
cept is worthless, obscure, or muddled. An analyst feels that some concept
is unsatisfactory somehow, but in the first instance he is unsure just
what is wrong with it. By breaking it down into its simpler elements
he hopes to show its internal structure. If his intuition was right he will
find something wrong in the internal structure of the concept which his
analysis has brought to light. In this way his suspicions will be confirmed.
Berkeley was suspicious of the concept of reality, as used by philos-
ophers. In his analysis of this conception he tries to show into what
more primitive ideas the concept can be analyzed. For some entities
to be more real than others, “. . . it is meant,” he said, and now follows
the analysis, “that they are affecting, orderly and distinct, and that they
are not fictions of the mind perceiving them.” And what does Berkeley
think is the test for the correctness of this conceptual analysis? He
stated, “Whether others mean anything by the term reality different from
what I do, I entreat them to look into their own thoughts and see.” Ul-
timately, analysis, in the older conception, is a subjective examination
of one’s own images. What are the characteristics of our images when
they denominate reality? And in answer to this, Berkeley gave his three
characteristics. Then we have analyzed the concept of reality. In the
old imagist theory of concepts the technique was introspective. The
objective counterparts for images had not then been identified.

Formal analysis of concepts is ushered in with the connecting of
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language and concepts by the principle that words are the vehicles of
thought. But are words concepts? One could hardly say that. Are the
meanings of words concepts? This seems a bit more like it, but what
then are the meanings of words? Concepts are certainly not meanings in
the sense of things signified, since concepts are the vehicles of thought
and things signified are among the objects of thought. One reaction to
this kind of difficulty is to say that whatever concepts may be we can
be sure of words and statements, so let linguistic analysis stand in for con-
ceptual analysis. By and large it is this attitude that informs the formal
analysis of concepts. It was widely, if tacitly, held that whatever con-
cepts may be, their formal analysis is achieved through analyzing words
and statements. This is clearly shown in Carnap’s account of formal
analysis. He said, “ . . it consists in the clarification of the statements
of empirical science; more specifically in the decomposition of state-
ments into their parts (concepts), the step by step reduction of con-
cepts to more fundamental concepts and of statements to more fun-
damental statements.”

More specifically, the substitution of word and statement questions
for concept questions has been proposed by P. T. Geach, in his book
Mental Acts (1956), in the formula, “N has acquired concept P” is to
be read as “N has learned how to use the word P.” A concept and the
use of a word are thus connected, so instead of trying to describe and
analyze concepts, we try to do something more within our reach, we try
to describe and analyze the uses of words.

From this common point the two great modern movements of analysis
diverge. It is agreed that words (in particular the uses of words) and
statements (structured groups of words in use) should be the analysan-
dum, but it is not agreed what the analysans should be. Is the result of
the analysis to be expressed in the commonest words of everyday lan-
guage or is it to be expressed in an artificial language, based upon a
logical calculus? Perhaps we should specially create artificial languages
for the job of analysis. Before I attempt to weigh these views let me
give you some characteristic and famous examples of each.

For a first example, consider Bertrand Russell’s analysis of statements
using the definite article in the subject phrase. Long ago G. Frege had
provided a schema for the analysis of sentences, which he hoped would
supersede that of Aristotle. Frege’s scheme depended on the idea that
a sentence, when used to make a statement, performed two distinct
semantic functions: it referred us to some object (its subject), and it
described it—that is, asserted some predicate of it. These elements of
sentence function he called “having a reference” and “having a sense.”
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Every meaningful sentence had to be capable of being used to refer
to something and to predicate something of that entity to which refer-
ence was made. Frege devised a schema not unlike an algebraic function
which reflected this idea. For those sentences that used proper names of
persons and things for the referring function, no serious problem arose,
because, presumably, reference for the proper name was more or less
guaranteed by the fact that a proper name is introduced into a com-
munity’s linguistic apparatus by some ceremony in which the object of
which it is the name plays some part. Therefore, for every genuine proper
name there has to be a referent. But what about other referring expres-
sions, especially those where reference is achieved by unique description?
Some noun phrases with the definite article will have referents, such as
“The Second President of the University of Wisconsin®; some will not,
such as “The Second President of the Republic of Wisconsin.” As far as
verbal form goes, the two sentences, “The Second President of the Uni-
versity of Wisconsin was a native son,” and “The Second President of the
Republic of Wisconsin was a native son,” are exactly alike—so if the
subject of the first has a referent, why not the subject of the second? What
is the difference between the two nominative concepts? There has never
been anyone to which the subject of the second sentence refers, and, un-
less something very unexpected occurs, there never will be. Does it then
refer to possible people? What could they be? Do not sentences of this
form require us to postulate a realm of entities, the possibles, to pro-
vide referents for such expressions, so that all nominative concepts should
have meaning? Russell's answer to these questions is to analyze and to
analyze formally, that is, to use the symbolic apparatus of logic to make
the structure of the sentence clear, and, in so doing, one might say that
he analyzes, inter alia, the nominative concepts. In words, his analysis
goes like this: “There is an x, who was the Second President, and no one
else was the Second President, and x was a native son.” Now for the first
sentence, clause (1) of this analysis is true; for the second sentence, clause
(1) is false. All is now clear—the nominative concept turns out to be a
complex of existence and exclusiveness, and looked at in that way we
are not committed to including in our universe only real past presidents
of real universities, but also possible future presidents of as yet unde-
clared republics. If, as Carnap says, analysis is the decomposition of state-
ments into their parts, Russell has done some analysis—since a statement
which did not seem to have parts, that is to be made up of simpler state-
ments, has been analyzed into a conjunction of three such allegedly
simpler statements, its parts. The result of the analysis is supposed to be
a much clearer expression of the statement we were trying to make all
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along and of which the unanalyzed sentence was a muddled and mis-
leading expression.

For a second example of formal analysis using logic, I shall choose
the analysis of a word, as an example of what Carnap calls the step by
step reduction of concepts to more fundamental concepts. I should,
perhaps, point out that at this stage of the history of conceptual analysis
it was generally agreed that the simplest and hence most fundamental
concepts were those which were expressed in words definable simply by
an act of pointing to a sample. Any words which had to be defined by
verbal definition, with several words in the definiens, had to be complex.
Ultimately, analysis would reveal only ostensively defined words in the
definiens, and then the analysis would be complete. There are all sorts
of difficulties with this. For instance, in giving the meaning of words
by ostension or pointing, do we “point” to elementary sensations as the
most fundamental parts of experience (but then to each person there
would be a private world of meanings) or do we point to public objects?
But objects are complex. Can we then really have simple concepts ex-
pressed in words ostensively definable? Let us ignore this difficulty and
see how a concept was supposed to be analyzed. The example from
Carnap concerns the analysis of the psychological concept “excited,”
which for purposes of exposition I shall change to “annoyed.” We are
asked to analyze the concept of someone else’s being annoyed. Since only
expressions, postures, gestures, and the like can be pointed to in acts
of ostensive definition, our analysis must finally terminate on this view
in logical concatenations of words so ostensively defined. Someone else’s
annoyance must, then, be analyzed into dispositions to have certain
expressions, to adopt certain postures, and to make certain gestures. Thus,
for “He is annoyed,” we put “He is likely to snarl, become red in the
face, to make menacing gestures, and to make hurtful and cutting re-
marks.” It is not said that his is making such gestures or adopting such
postures, but that if he is annoyed he is disposed to do so. But one might
be inclined to say that being disposed to do some action is to be in a
certain state. And it was the ascription of states of mind to other people
that Carnap wanted to avoid. A second step of analysis is required. Any
reference to inner states of other persons must be eliminated by showing
that when analyzed the analysans contains no expressions referring to
such states. Are dispositions inner states? No. Carnap’s suggestion is that
statements about other people’s states of mind are to be analyzed by
turning the sentences in which they appear into conditionals, so the fact
that someone is disposed to act in a certain way can be expressed by
saying that he will probably act in that way if he is stimulated in a



10 ROM HARRE

certain way. This is the crucial step, and if it is accepted that dispositional
statements can be analyzed into statements that contain words referring
only to stimuli and reactions, then analysis would have shown that
mental states are an unnecessary fiction. Therefore, finally, we analyze
“A is annoyed” as “If A is stimulated in such and such a way he will
probably react in such a way, ie., by adopting certain postures, making
certain gestures, and exhibiting certain expressions.”

Therefore, with logic as the arbiter of syntax and ostension as the
arbiter of meaning, we arrive at the analytical program of logical posi-
tivism. It was magnificent, extravagant, and absurd. It was bound to
produce a reaction in favor of a more realistic and more temperate
analytical method. Linguistic philosophy was that reaction. Though
sharing the views of the logical positivists on the priority of language
as the vehicle of thought, linguistic philosophers did not try to produce
definitions in terms of allegedly more primitive words expressing al-
legedly more primitive concepts, nor did they have much faith in any
particular logical system as the arbiter of propriety of logical form. In-
stead they operate on the principle “The analysis of the concept P” is
“A description of how the word ‘P’ and related words are used.” This
principle presupposes neither the priority of any particular kind of
logical structure nor the ultimacy of any particular concepts, that is,
the unanalyzability of any particular words, since the use of any word
can be described and therefore the concept it expresses analyzed. Here
is an example of linguistic analysis of a concept, again the concept of
reality, analyzed by Berkeley by introspecting our images when we ima-
gine something to be real.

J. L. Austin (1962) wanted to analyze the “concept of reality,” we
might say. What he actually did was to describe how the word “real”
and cognate expressions are used. In effect this amounted to the analysis
of the role of the words in various linguistic enterprises. In short, it was
a description of the jobs for which we use the word “real” and cognate
expressions. Here, in selective quotation, is Austin’s “analysis of the
concept of reality.”

“1. First, real’ is a word that we may call substantive-hungry. . . .
That is, we must have an answer to the question ‘A real what?, if the
question ‘Real or not? is to have a definite sense. .

“2. Next, ‘real’ is what we call a trouser-word . . . with ‘real’ . . . it is
the negative use that wears the trousers. That is, a definite sense attaches
to the assertion that something is real . . . only in the light of a specific
way in which it might be . . . not real.

“3. Thirdly, ‘real’ is (like ‘good’) a dimension-word. I mean by this
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that it is the most general and comprehensive term in a whole group
of terms of the same kind. . . . Other members of this group . .. are. ..
‘proper,” ‘genuine,’ . . . ‘fake,’ ‘makeshift,’, . . .

“4. Lastly, ‘real” also belongs to a large and important family of words
that we may call adjuster-words—words, that is, by the use of which
other words are adjusted to meet the innumerable and unforeseeable
demands of the world upon language . . . if I can say, ‘Not a real pig,
but like a pig,’ I don’t have to tamper with the meaning of ‘pig’ itself”
(Austin, 1962, pp. 68-75).

In this sort of conceptual “analysis” we do not provide either a formula
or a verbal analysans to replace locutions in which the word appears. We
attempt to understand the locutions by trying to identify the linguistic
job we use a word to do (have a concept for). “Do the Urbangi have
the concept of number?” becomes according to this view, “Can the Ur-
bangi do sums?”

I think it will be instructive now to look a little more closely at how
the two great modern schools of conceptual analysts differ. I think it is
fair to say that they differ with regard to what they take the meaning
of a word to be; and that is to differ about what they think a concept
is. For the school of Russell and Carnap, the meaning of a word is in-
timately bound with the method and means by which statements con-
taining the word are checked for truth and falsity. This was sometimes
put, rather crudely, in the slogan, “The meaning of statement is its
method of verification.” A psychological word is applied to another per-
son on the basis of his behavior, and we check the truth of assertions
that other people are in certain psychological states by how they be-
have (including verbal behavior), it is alleged. According to the Carnap
school this must exhaust the meaning of psychological concepts, and
so the analysis of a psychological concept must terminate in behavioral
concepts. Thus, in the 1930’s, Carnap would have held that behavioral
psychology not only had the sort of rightness that derives from being
the dernier cri, but also was supported by the irresistible force of the
formal analysis of concepts. For the linguistic philosophers the meaning
of a word was shown by the way it was used and by its role in the
language and life of people. One of the great achievements of linguistic
philosophy was to make a beginning, at least, on the study of the
ceremonial uses of language. In this study, their method of analysis
was at its most fruitful. They analyzed the concept of promising by
analyzing statements such as “I promise to answer any of your questions”
by describing the way expressions such as “I promise” and “I will” were
used in the life of people. Although some practitioners were fond of calling
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this art “logical geography,” it is clear that formal methods would not
have been much use, since the areas of language which were studied
were not those in which syntax was exhausted by formal logic. The
statements made in a ceremony, for instance, are not statements in which
truth or falsity is our primary interest: the sincerity of the speaker may
be our greatest concern. The concepts being analyzed in these studies
were not exclusive to the natural sciences.

Recently, however, a revival of a much older kind of formal analysis
than any I have discussed has occurred. This is the attempt by J. A.
Fodor and J. J. Katz (1964) to develop an analytical technique by which
quite unambiguous readings of sentences can be expressed. It is strik-
ingly like the eighteenth century idea of the Universal Character. This
was to be a system of symbols representing concepts, not sounds, which
the written languages of mankind now represent. A Chinese author
would write in the Universal Character, and, since what he wrote would
not be a representation of the verbal language but rather of the con-
ceptual structure of his thought, what he wrote could be read, in
English, by an Englishman who knew the Universal Character, or, in
his own verbal language, by anyone else. It was felt that the repre-
sentation of concepts, first by verbal sounds with each language having
its own system and then by representing these idiosyncratic sound se-
quences in inscriptions, interposed between author and reader an un-
necessary and pointless middle term. Concepts should be represented
directly. The project was enthusiastically supported by scientific acade-
mies all over Europe, and several systems of concept signs and modifiers
were developed. Roughly, the idea was to build a vocabulary of signs.
The main signs distinguished grand categories such as human and ani-
mal and matter and spirit. A particular concept sign is then built by
adding modifiers to the main sign. Therefore, the concept, “the left hand
of a good man,” would be built by first putting down the grand category
sign MAN, and then by modifying that by G or B, getting MANC. This
would itself be attached as a modifier to the sign for “left hand” and so,
since all mankind has the concepts and could, in principle, learn the
Universal Character, everyone, whatever their verbal language, could
read this sign. An Englishman would read it as “the left hand of a good
man”; a Frenchman as “le main gauche d'un bon homme.”

Although Fodor and Katz are not trying to build a Universal Charac-
ter, but rather are tackling different problems, the analysis they propose
has much in common with the analyses developed by the promoters of
the Universal Character. Fodor and Katz employed three main classes
of analyzers in the analyses. These are grammatical markers, semantic
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markers, and semantic distinguishers. The principle of analysis is the
separation of the concepts under a word, as we might put it, by using
markers and distinguishers to note all alternative readings of the word.
For instance, a dictionary entry for the word “bed” would have the fol-
lowing form:

bed
] | 1
noun verb
cps sas Grammatical
transitive intransitive markers
(Object) (Activity) (Activity)

Semantic r ! H : Semantic dis-
‘narkers \wooden) (metal) (earthen) [bed in] [bed down] Sfinguishers -

and so on

Taking any line through the “tree” yields a clear, fully analyzed concept,
because it yields a fully defined (that is, completely disambiguated)
word, at least in theory. Thus, we might get “bed” = noun — (physical
object) — (wooden) — (four legged) — [feather].

In all these analyses, concepts and language are connected. If we are
to regard the work of Fodor and Katz as providing us with a method
of conceptual analysis as a by-product, we have to believe that the
process of defining a word, providing a reading as they say, gives us
the analysis of a concept. One might say, following this line of thought,
that ordinary dictionaries rather imperfectly express lists of conceptual
analyses, particularly where they list the several senses of a word. The
senses of a word, one might say, are the concepts which that word, in
its different employments, is used to express. Linking words and con-
cepts was, as I have already pointed out, a step taken after the abandon-
ment of the identification of concepts with images. Now there seems to
be a possibility that the old connection may be to some extent reestab-
lished.

Postlinguistic philosophy is characterized by the insight that language
is not the only vehicle of thought. There may be concepts which are not
connected, at least in the first instance, with the uses of words. The
additional vehicle is the image which linguistic philosophy expelled
from paradise. The restoration of the image has come about through
the realization that the study of images need not be entirely subjective
or without strict canons. Image thinking does have an objective counter-
part. Just as propositions have their objective counterpart in sentences,
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which can be serious objects of study, carrying propositions independent
of individual thinkers, so models and pictures can perform the same
task of objectivization for image thinking. Thus, a new analytical dis-
cipline has appeared in the last year or two—the formal analysis of
models. The study has been slow in emancipating itself from its lin-
guistic predecessor, for, until recently, analysis of models was carried
out by analyzing the description of models, a task for linguistic analysis.
It is easy to see that such an attempt at analysis will not do because of
the immense richness of models and pictures compared with their de-
scription in words. I turn now to an example of how image thinking can
be studied in terms of its objective counterpart—model-building.

The essential tool in the study of models is the distinction and iden-
tification of the source and subject of the model. “What is M a model of?”
is one question; “What is M modeled on?” is another. The great classes
of models, homoeomorphs and paramorphs, are distinguished by whether
the answers to these questions for any particular model are different or
the same. If they are the same, if a model Duesenberg is both a model of
the Duesenberg and modeled on the Duesenberg, then the model is
one of the many kinds of homoeomorph. If the answers to the questions
are different, e.g., Bohr’s model of the atom is a model of an unknown
mechanism producing line-series spectra, but modeled on known me-
chanical and electromagnetic devices, though admittedly combined in a
novel way, then the model is one of the many kinds of paramorph.
Working with models is the objective counterpart of thinking with
images. We can study how scientists, engineers, architects, and artists
work with models. We can even study how they work with imaginary
models, for many scientific theories are built around a model. The pas-
sage from the known to the unknown in thought is not only by logical
inference, an essentially linguistic move, but also by the construction of
a picture, of a model of the unknown; and this, though it may be greatly
aided by logical inference, is not essentially a linguistic move. It is the
building of an image. I sincerely hope that the deliberations of this con-
ference will be based upon a broader idea of concept formation than
the narrowly linguistic.

Formal analysis of concepts has given us many profound insights into
our conceptual apparatus. I would not wish to suggest otherwise. But,
since it is predicated on the connection between words and concepts,
the standards of rationality which it imports into conceptual analysis
are those of word structures, and these quickly become assimilated to
the standards of rationality enshrined in formal logic. The identity or
nonidentity of meanings, the principle of noncontradiction, the relation
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of entailment, become the main building strands of the network of un-
derstanding we throw over our systems of thought. But our system of
thought also requires the vitally important relations of relative likeness
and unlikeness. Most reasoning is carried on with concepts which are
not naturally related by strict identity or entailment. And in the formal
analysis of concepts such relations simply disappear because they can-
not be represented in a formal system. Are they then irrational, as
some of the proponents of formal analysis seem to imply (e.g., Popper,
1962)? They are, only if, by fiat, standards of rationality are forever
linked to the principles of formal logic. Rational principles of likeness
and unlikeness are to be found in the study of models and pictures. It
is to the analysis of concepts as images, as they would have called it
in the nineteenth century, that philosophy is now beginning to turn.
The final section of this chapter will deal with the classification of
concepts. Once again two great systems seem to dominate the history of
concept taxonomy. I shall call the systems the categorial and the hierar-
chical. The categorial taxonomy stems from Aristotle and, indeed to this
day, is essentially in its original form. Aristotle’s categories are perhaps
most easily understood as the major divisions of concepts. He distin-
guished such familiar categories of concepts as Substance, Accident, Re-
lation, Quantity, Quality, and so on. His categories were derived from
the kinds of questions that he thought it was possible to ask about any-
thing. He wrote, “Each simple expression signifies either of what sub-
stance or how much, or of what sort, or related to what, or where, or
when, or in what attitude, or how appearing, or to be acting or to be
acted upon.” The conceptual system of categories deals with what can
properly be asked about anything. It is a system of concepts adjusted
to what we think of the world. It is also flexible, since it seems evident
that we might find ourselves asking a new and different sort of question
about any subject matter, and this would provide us immediately with
a new taxon of concepts. Aristotle provided us with taxa derived from
the questions he held to be askable about things, and he took pains to
show how particular questions, such as “How large is it?”, presuppose
concepts fitting into his categories. For instance, “large” and “small”
are, he argued, to be classified as relational concepts since they assume
standards of comparison for size and are not absolute designations. It
is not contradictory to say in the same breath, “The box is too small,”
and, “The box is too large,” since in the first instance we might be con-
sidering it as a cage for an elephant, and in the second as a cage for a
flea. Therefore, “How large is it?” is actually a relational question, not
a quantitative one, and the concept of largeness must be classified under
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the category of relation and not under the category of quantity. We still
use Aristotle’s method to distinguish between quantitative and qualitative
concepts, between substance concepts and attribute concepts. Further-
more, one should note, too, that this old system has the merit of closely
linking the concept taxonomy with linguistic analysis. It is not only a way
of classifying concepts but also a way of classifying statements by the
kind of question to which they would properly be given in answer. A dif-
ferent version of more or less the same style of concept classification is
found in I. Kant’s Critique of Pure Reason, “Transcendental Analytic,”
Book I, Chapter 1. In that work it is not the form of questions upon which
the taxonomy of concepts is based, but rather the kinds of propositional
forms or judgments that Kant thinks are possible. It is still a categorial
system though its basis is different.

The hierarchical classification of concepts depends on the idea that
some concepts have more explanatory power than others. The intro-
duction of a new concept sometimes illuminates and brings order and
structure to a previously inchoate field of fragmentary knowledge. The
concept of Universal Gravity was such a concept. It could be used in
the explanation of a very wide range of previously unconnected phe-
nomena. The apple and the moon, despite their seeming to move in
quite different modes, were both subject to it. The concept of Uni-
versal Gravity was more powerful than the concept of Natural Motion,
since it explained different kinds of motion in the same way, whereas
the concept of Natural Motion explained different kinds of motion in
different ways. This suggests a classification of concepts with respect
to their power to explain and order subject matter. One such taxonomy
might run as follows. Concepts of the first level, or phenomenological
concepts, would explain nothing but would be the concepts used for
describing the observations we make. Then would come concepts of
the second level, or physicalist concepts, which would relate to a system
of physical things of which the observations would be the effects or ap-
pearances. And level after level of concepts would be disclosed as a
hierarchy of explanations is constructed. At length, a termination is
reached, for any era, in the general conceptual system of the era. The
concepts that make it up are the explainers and do not themselves call
for explanation, while they have that role. What I have in mind here
is illustrated by the concepts of Natural Motion from the medieval
system and from the modern system. In the Aristotelian cosmology there
were two kinds of natural motion—downward for terrestrial bodies and
in circles, around the earth, for celestial ones. These two kinds of
natural motion were enshrined in the general conceptual system of the
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Middle Ages and, as such, did not call for explanation. There was
just no sense to the question, “Why does a body fall toward the center
of the Earth?”, and no sense to the question, “Why does a celestial body
move in a circle around the Earth?”, since it was in terms of these mo-
tions as natural that all else was explained. In the modern system both
of these questions can be answered, but they are answerable only be-
cause we have adopted a different concept of natural motion, the geo-
desic, and enshrined it in our system. The senseless question for us is,
“Why does a body, if unimpeded, continue in its state of motion or
rest?” All we can explain are changes in such states. The hierarchical
taxonomy then works as follows. Order concepts by the relation of ex-
planans to explanandum. The lowest level concept will be an explanan-
dum only, and will not itself explain anything. The highest level con-
cept will be an explanans only and will explain everything below it but
not itself be explicable. It is becoming customary to call the set of
concepts of the highest level the general conceptual system. This taxon-
omy is still more flexible than that of Aristotle. It will reflect within
it, by the place it assigns to given concepts, the current state of science,
and it will therefore always be in a state of flux somewhere. Usually,
however, the general conceptual system remains fairly stable for con-
siderable lengths of time, and its identification is then both important
and fairly easy. It determines, one might say, the conceptual style of
an epoch.
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“A model is a sometime thing.” Typically, a model is a relatively formal
description of abstractions from ideas or phenomena in which we are
interested. Models can be used as theoretical bases for deductions; when
these deductions are tested, we usually call them hypotheses. As good
logicians, we stand ready to modify the model if a deduction from it
leads to a hypothesis that is rejected. The rules for rejection are many
because they tend to be situation-specific, but they share the common
premise that the observation of an event that has a low probability of
occurrence, given that the hypothesis is true, is a necessary ground for
rejection of the hypothesis.

EDUCING THE MODEL

The model under discussion—the structure-of-intellect—was evolved
from observations of consistencies in mental behavior in the domain of
“thinking.” These consistencies were based on intercorrelations of samples
of thinking, i.e., tests, and the apparent similarities among groups of tests,
where the groups were obtained by factor analysis. Consider these well-
known factors and typical tasks: verbal comprehension—know the mean-
ings of words; general reasoning—understand the meaningful and com-
plex interrelations in a problem preparatory to solving it, as in a word
problem; word fluency—list words containing the letter E; eduction of
figural relations—comprehend the relations among given space forms,

19
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diagrams, etc.; spatial orientation—recognition of figures in which ele-
ments have the same interrelationships; and associational fluency—writ-
ing synonyms (loosely defined) for given words, or producing a variety
of words having similar meanings.

CoMmMoN REQUIREMENTS

Now consider what the three tests, verbal comprehension, general rea-
soning, and spatial orientation have in common. The diagram in Fig. 1
represents the areas of overlap of these factors. All involve recognition or
awareness or what is called, traditionally, cognition. Thus, the intersects
of the factors verbal comprehension (1) and general reasoning (2) con-
tain the operation of cognition; further, both factors involve meaningful

N7

Fic. 1. Early emergent factors. Common requirements of (1) verbal compre-
hension—CMU, (2) general reasoning—CMS, and (5) spatial orientation—CFS.

material. The two-factor portion of the intersection has been labeled
CM-, for reasons that shortly will become apparent. Similarly, the two-
factor intersection of verbal comprehension (1) and spatial orientation
(5) is labeled C--, because they have only cognition in common. A
comparison of general reasoning (2) and spatial orientation (5) discloses
that both involve knowing (cognition) and interrelationships of a suffi-
ciently complex kind to be called systems. Thus the two-factor intersec-
tion of these abilities is labeled C-S, indicating that they share cognition
and systems. Finally, the three factors represented in Fig. 1 share the
requirement of cognition, and that central intersection is labeled C- -
One may question whether a distinction should be made between the
C--from (1) and (5) and the C-- from (1), (2), and (5), but I should
prefer to put that discussion aside for the present and move on to Fig. 2.

Consider the common requirements among verbal comprehension (1),
word fluency (3), and associational fluency (6). Verbal comprehension
and word fluency both involve single elements, meanings of words in
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Fic. 2. Common requirements of (1) verbal comprehension—CMU, (3) word
fluency—DSU, and (8) associational fluency—DMR.

the first and spelling of words in the second. The intersection is labeled
--U, for units of thought. The cognition in verbal comprehension differs
from the productive thinking required in word fluency, but the latter
shares the requirement of productive thinking with associational fluency
(6); thus their intersection, (3) and (6), is labeled D- -, where D specifies
the divergent type of productive thinking. Similarly, associational fluency
and verbal comprehension share the requirements of thought about
meaningful material; their intersection is labeled -M-, where the M
denotes the requirement that verbal comprehension and general reason-
ing shared in Fig. 1. The three-factor intersection presents an interesting
logical problem, one that might be avoided by drawing ellipses rather
than circles. It may be a null set, by definition; or an empty set, in this
particular model; or a part of Spearman’s g. I prefer the second alterna-
tive.

In continuing the comparisons, consider the three factors eduction of
figural relations (4), spatial orientation (5), and associational fluency
(6). As depicted in Fig. 3, the first two named have in common the

o

Fic. 3. Common requirements of (4) eduction of figural relations—CFR, (5)
spatial orientation—CFS, and (6) associational fluency—DMR.
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requirements of cognition and thinking about figural materials; their inter-
section is labeled CF-. The systemic emphasis in spatial orientation is not
shared by the other two factors. They do, however, share the requirement
of thinking about relations and their intersection is labeled - -R. One could
draw the circles for (5) and (8) overlapping, which would generate two
intersections like the central one in Fig. 2, but that would complicate the
discussion unnecessarily. Finally, in Fig. 4, all six factors and their com-
mon requirements are shown.

Fic. 4 Common requirements of six factors. Key: (1) verbal comprehension—
CMU, (2) general reasoning—CMS; (3) word fluency—DSU; (4) education of
figural relations—CFR; (5) spatial orientation—CFS; (6) associational fluency—
DMR.

OTHER CONSIDERATIONS

Manipulations analogous to those displayed above were followed by
Guilford and his staff in evolving what now constitute the major para-
meters of the structure-of-intellect model. One may question the choice
of the three-category scheme—why not a two-category description, or
one with four categories? Two categories seemed too few to account for
the observed differences among factors, and four categories seemed
more than necessary. Without straining too hard to find historical
referents, one may recall the distinction between sensation, percept,
and concept as compared to content in the model; the variety of
tasks in the complication experiments at Leipzig and, later, the em-
phasis on totality of phenomena at Berlin as possible precursors of the
different products; and Brentano’s division of psychic acts into sensing,
imagining, acknowledging, perceiving, and recalling, among others, as
foreshadowing the five operations.
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THE PRESENT MODEL

One does not, in terms of the structure-of-intellect model, merely
“think”; rather, one thinks about some content. The “things thought about”
may be described in a two-category scheme: kind of material and kind
of outcome of the thinking. I should now like to turn to a rather formal
presentation of the three categories—thinking operation (process); con-
tent (material); and outcome (product)—and the 15 primitive notions
involved within these categories in the model.

OPERATIONS

This category concerns the kind of thinking performed. As implied in
the preceding comments, thinking always involves an object of thought.
The objects are described in detail in later sections. The code letter
for the operation is given in parentheses in the following discussion.

Cognitive (C)

To be aware of, to “know,” to sense, to realize, to comprehend, to
perceive (in the classic meaning).

Memorative (M)
To recall, to reminisce, to reproduce exactly from specified cues,

to recognize from previous experience, to retain, to produce a fac-
simile of.

Productive

To generate, to discover what was not evident before, to educe, to
make anew, to think differently from the general.

Divergent (D)
Producing a variety of solutions in some quantity, the amount
depending in part on the kind of product; producing many al-
ternatives fitting criteria which are relatively vague or broad,

e.g., producing the names of a number of objects that have
one or a few specified attributes.

Convergent (N)
Producing a single solution or small class of solutions to a
fairly well-structured problem, for which the acceptability
criteria are well defined, e.g., producing the name of an object
having a rather large number of specified attributes..

In some of the recent literature, divergent and convergent thinking
have been discussed as though they were opposites. Such is not
the case—both are kinds of productive thinking, divergent more
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related to “creativity,” convergent more related to “problem solving.”
Each is distinct from the other, and from the other three operations.

Evaluative (E)
To judge, to compare correctly elements with reference to a given
standard, to assign consistent values to elements in a group, to rate
in terms of a consensus, to leap over uncertainty and land “on tar-
get.”

CONTENTS

These descriptions are similar to those in Guilford and Merrifield
(1960) and in Guilford and Hoepfner (1963). The code letter appears
in parentheses.

Figural (F)
Obtained through the sensorium, e.g., space, color, loudness, smooth-
ness, sweetness, saltiness, proportion. The emphasis here is on the
elemental sensations, not the concepts frequently associated with
them.

Symbolic (S)
Signs in a scheme of notation, deriving their information content
from their function and definition in the scheme. Examples of such
signs are letters and numbers, musical symbols, and other “codes.”
These are not to be confused with the symbols of “symbolism” re-
flecting the intangible invariants of a culture.

Semantic (M)

The information content most obviously involved in language used
for the communication of ideas. Some notational schemes other than
words are so generally comprehended as to qualify as languages,
in this semantic sense, e.g., familiar formulas in mathematics and
science. Sufficiently detailed pictorial representations have a great
deal of semantic content, especially when the picture is interpreted
as a meaning, not as a space-form. Critiques of painting or sculpture
that consider primarily the intellectual intent of the artist, or the
proper interpretation in terms of social constructs, or the like, are
primarily semantic. Those dealing with balance or composition or
choice of hue or medium, for example, are more figural in emphasis,
even though words are used to communicate the critics’ ideas.

Behavioral (B)
Information dealing with human feelings, intentions, reactions, and
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interactions with objects and other humans (and animals); the
mode of communication is often nonverbal, e.g., by gesture, inflec-
tion of words, sounds, or stance.

Probucrs

Products must be considered in the context of a problem—a class in
one context may be a unit in another, or a system in a third. Part of the
problem, for the psychologist, is the problem-solver; one child’s unit may
be another’s system, if they are at differing levels of what used to be
called analytic ability. The classic “intelligence” seems to be a measure
of the child’s ability to operate on the systemic properties of a problem,
hence the definition of general reasoning as the intersection CMS, cog-
nition of semantic systems. It is convenient to begin with a discussion of
system as a product.

System (S)

An aggregate of interrelated components—the “whole” of Gestalt
psychology that is “greater than the sum of its parts.” To operate
on a system as a system, the thinker must be able to consider the
components as they are related to each other. If he cannot consider
the systemic properties of a thing, he must think about it as though
it were a class of elements. If he cannot differentiate it at all, he
must treat it as a unit. It is tempting, but perhaps not necessary,
to require a system to contain at least three elements and at least
two relations.

Class (C)
An aggregate of components essentially unrelated, but having at
least one attribute or characteristic in common.

Unit (U)
A thing which, in the context, is undifferentiated; note that in an-
other context it may not be undifferentiable. A unit is a whole that
can be considered intact without loss of information. Consider three
aspects of a football team. To the crowd and the cheering section,
“the team” is a unit that they occasionally differentiate a bit to re-
ward by acclaim an outstanding player; to the acute sports writer,
to the coaches and opponents, to themselves, the team playing the
game on the field is a system; to the dietitian who prepares the
training table, or the conductor of transportation, they are a class.
To the coeds, they are individual units, or perhaps systems, de-
pending on the level of interest.
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Relation (R)

Stumpf called the study of relations, logology; Spearman emphasized
its importance (eduction of correlates), but we still have some
trouble defining it. It is a functional linkage of some sort, more than
having attributes in common (which is the class property). In quan-
titative context, relations are expressed by such phrases as more
than, equal to, and half of. In semantic discourse, we say means
the same as, or analogous to. In spatial context the terms are above,
to the right of, inside, and the like. And in the sensory context,
some familiar relations are those described by more acrid than,
softer, louder, and redder.

Transformation (T)

A change, a redefinition, a realignment. One could almost consider
“transforming” as an operation; as a counter to this possibility is
the feeling that a transformation can be operated on like other prod-
ucts—cognized, produced, remembered, evaluated. A transforma-
tion seems to be the kind of product that is characterized by the
“closure” that leads from a class to a system; or the “insight” that
leads to a reinterpretation of a unit in terms of its newly considered
relations to other units or classes or systems; or the substitution
of some relations for others that leads from a given system to a dif-
ferent system. Its essence is change—its occurrence is necessary in
what is called creativity.

Implication (I)

That which can be made explicit in the absence of new information,
in contrast to that which is already explicit; the result of operating
to complete, explicitly, a relation inherent in the context, e.g.— solu-
tions to an algebraic equation; the size of an angle in a triangle
for which the sides are specified; prior and future conditions; and
other kinds of extrapolations based on information inherent in that
explicitly given.

Within each category, the primitive notions are considered as mutually
exclusive. Each specific mental function includes one notion from each
of the three categories: operation, content, and product. Thus, a mental
function may be defined as shown in Fig. 5(a). The intersection of
cognition (operation C), semantic material (content M) and system
(product S) is the mental function CMS, earlier referred to as general
reasoning. Other combinations are shown in Fig. 5 for the mental func-
tions DMU ideational fluency [Fig. 5(b)], for NFT figural redefinition
[Fig. 5(c)], and for ESC evaluation of symbolic classes [Fig. 5(d)].
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USING THE MODEL

In the model, as it is currently used, the parameters serve to define
not only the existing mental functions, as in the earlier eduction phase,
but also to predict mental functions not now having empirical referents.
The mental functions diagrammed in Fig. 5(a—c) were fairly well known
prior to the formulation of the structure-of-intellect model, but have
been refined, we think, in recent research. The mental function ESC
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Fic. 5. Mental functions as intersections of parameters. (a) General reasoning;
(b) ideational fluency; (c) figural redefinition; (d) evaluation of symbolic classes.

was not empirically evidenced until last year (Hoepfner, Guilford, &
Merrifield, 1964). Its name indicates the current tendency to explicate
the code letters rather than to invent a new name. I have, perhaps,
described the model in too much detail, but I hoped to reach a com-
mon understanding prior to recommending the model as a framework
for analyzing concepts in learning.

Thus, I have come full circle to my initial observations regarding
models and testability. Deductions now available from the model are
testable within a factor-analytic framework. The empirical referents
for mental functions described in the structure of intellect are factors
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based on intercorrelations of tests which are designed especially to
elicit performances judged to be operationally descriptive of the func-
tions. In the typical exploratory study, factors (mental functions) sub-
stantiated in previous research are represented by at least two tests, in
order to identify the framework within which the new factors will,
hopefully, be defined. These reference factors are chosen to measure
factors that are possibly related to the new tests. The mental functions
that have not been previously identified are represented by three or
more specially designed tests. If the deductions from the model are
correct and the tests are appropriate operational definitions, then the
tests designed to measure the same mental function may intercorrelate
sufficiently to support a factor. This factor serves as evidence for the
existence of the new mental function. The possibility of logical circu-
larity is plain; external criteria for the existence of a factor must be ap-
plied. We have adopted the criteria of simple structure with the addi-
tional stipulation that the factors be mutually orthogonal. The degree
to which we have, in our published results, met these criteria has been
challenged. The more significant challenges (e.g., Harris & Liba, 1965)
question whether the factors are as separate as claimed. If they are
not, the degree to which the primitive notions discussed previously are
mutually exclusive within their respective categories is debatable.
Though I share some of these doubts, I should like to believe that a
large part of the apparent confounding of factors is owing to our present
deficiencies in attempting to construct univocal tests. Furthermore, the
circumstance that the factors are not equally represented in the battery
is a possible source of apparent confounding.

MODEL PARAMETERS AND CONCEPTS IN LEARNING

Assuming that the primitive notions in the structure of intellect pro-
vide, at the least, an interesting way of talking about mental functions,
consider the degree to which concepts in learning may be described.
We should first understand the limits of the model in this context. Aspects
of learning situations such as motivation, drive, fatigue, psychomotor
speed, dexterity, and sensory acuity, are outside the model. Similarly,
prior intellectual achievements are, strictly speaking, outside the model.
These aspects of performance I consider as facilitating, whereas the
concern of the structure-of-intellect model is with differentiating com-
ponents of thought (Merrifield, 1964)—the way in which the informa-
tion received is processed by the thinker. Thus in mapping concepts
from the study of learning into the model, we are restricted to considera-
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tion of individual differences in learning. However, precisely because
individual differences are involved in the group differences on which
judgments of learning conditions are based, we may increase the sen-
sitivity of our experiments by using measures of relevant mental func-
tions as controls.

We are fortunate in having available a naturalistic description of eight
types of learning in terms of their conditions (Gagné, 1965). Some specu-
lations relating Gagné’s types of learning to the parameters of the struc-
ture-of-intellect model are summarized in Table I. Professor Gagné was
not consulted regarding the comparisons, and, therefore, bears no re-
sponsibility for them; it seems likely that he would not agree entirely
with the approach taken here. Pointing out some of the more plausible
relations, however, may serve to suggest ways in which learning studies
may be made more sensitive to components of the experimental out-
comes that are attributable to individual differences among the sub-
jects. The mapping is discussed in greater detail in the following para-
graphs.

Type 1: Signal learning is typified by the classic conditioning para-
digm. It is perhaps discouraging to suggest, this early, that individual
differences in acquisition of a conditioned response seem to involve
the primitive noticns, implication and memory. Further, since experience
with the signal and its concurrents may change the organism’s expec-
tancies, some evaluation of the most recent signal seems likely. These
notions, especially evaluation and implication, are frequently reserved
by theorists to describe higher levels of thought. Perhaps the change
in level is a function of the content of the signal. Signals used in classic
conditioning are mostly figural, whereas those objects of “higher thought
processes” are more generally semantic or symbolic. Recent work by
Stott and Ball (1965) indicate that factors derived from intercorrelations
of items from infant and preschool mental tests can be interpreted in
structure-of-intellect terms. Perhaps we have been so impressed with
interspecie differences and intraspecie developmental changes that we
have missed the differentiation present within specie and within develop-
mental level.

Type 2: Stimulus-response learning seems to require more evaluation
than does Type 1, because of its greater emphasis of discrimination. The
phenomenon called shaping is related to convergent productive thinking.
The response is produced, whether to the stimulus to which the experi-
menter is attending or to some other, and the focusing behavior is one
aspect of convergent thinking. Implicitly, in the development of the
learner’s preference for one response over others, evaluation is involved.
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One might surmise that those who learn slowly are treating stimulus
(external plus internal)-response (Ss-R) as an if-then type of implica-
tion, while those who learn more rapidly are able sooner to regard Ss
as a unit and Ss-R as a relation. Again, differences in the content of the
stimulus, and of the response, lead to individual differences in learning.
Those who learn quickly to deal with figural stimuli may, or may not,
learn as quickly to deal with semantic material.

Type 3: Chaining, the learning of sequences of previously learned
links, may be interpreted as the acquisition of a system. Probably the
dominant operation (process) is cognition; convergent productive think-
ing is also highly involved.

Type 4: Verbal association may be classified as a subtype of chaining,
as Gagné suggests. The rapid learner seems to generate links not pro-
vided explicitly in the material. This mental function resembles a trans-
formation in that a part of the stimulus is isolated and reinterpreted in
terms of the rest of the stimulus and of the response. Learning foreign
languages by cognates is another example of using transformations. Al-
though memory is involved in providing the generated link, divergent
productive thinking may be more important in providing a variety of
possible links; from these, the learner selects the one most efficient as a
mediator for the particular association task. Those who learn by this
procedure use divergent productive thinking of transformations—an es-
sential component of “creativity”—and evaluation of relations, both prob-
ably in semantic content. Some learners, I am sure, do well at nonsense
syllables because they can recall the configuration of letters that “look
right” when they are presented with the first of the pair. The latter
mental function involves a convergent production of units and evalua-
tions of relations, probably in figural content.

Type 5: Multiple discrimination involves thinking about class prop-
erties, mostly figural in Gagné’s example of naming cars, probably sym-
bolic in learning the meanings to be attached to words (e.g., learning
to read), semantic in differentiating concepts, and behavioral in telling
a friendly wave from a threatening gesture. Rote learning has been classi-
fied in the model as memory for symbolic relations. Multiple discrimina-
tion of complex stimuli may well involve thinking about systems. The
dominant operation seems to be evaluative thinking.

Type 6: Concept learning, as traditionally viewed, draws heavily on
thought about semantic material. It is the naming of a class of objects,
not the objects themselves, that is crucial, although awareness and evalu-
ation of the properties of the objects is at least facilitating. Probably
most situations involving concept learning require the learners to think
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in a cognitive, or perhaps convergently productive, way about semantic
aspects of classes and relations. Marked ambiguity among the objects
to be conceptualized (interference) requires the learner to do evaluative
thinking, perhaps about systems, as well as about classes and relations.

Type 7: Principle learning seems to be a “higher process” in much of
the literature. Yet, in structure-of-intellect terms, it seems to involve the
unitization of what were previously classes or relations or systems. The
controversy between S-R and Gestalt interpretations becomes a little
clearer in this context. Certainly having rather involved ideas available
as units makes their recall more efficient. To the extent that application
is overlearned, it becomes a facilitator for the response, not a differenti-
ator of learning. Principles may be learned in all types of material; those
involved in semantic material have been investigated more frequently.
The dominant operation in principle learning seems to be cognition.

Type 8: Problem solving, as investigated by Merrifield, Guilford,
Christensen, and Frick (1962), draws on evaluative, cognitive, and
divergently productive thinking, where the objects of thought are units,
implications, and transformations. It is reasonable that convergent pro-
ductive thinking as an operation, and system as a product should be in-
cluded; tests for these factors were not available at the time that study
was initiated. The study was confined to semantic content; parallel
studies in other content areas should be done.

CONCLUSIONS

The possibility of describing learning in terms of the structure-of-intel-
lect model is properly restricted to the description of individual dif-
ferences among learners. “Laws of Learning” may be, at present, par-
tially obscured by individual differences in the learners. Even the simplest
forms of learning may be, in terms of the mental functions discussed,
rather complex. It seems unlikely that random assignment to groups, or
even simple covariance designs, will provide the greater control and
sensitivity required for further exploration of learning. Utilization of
measures from the structure-of-intellect model should help to clarify and
delimit the generality of laws of learning appropriate to the complex
human organism,
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CHAPTER 3

THE PSYCHOLOGICAL
NATURE OF CONCEPTS

E. JAMES ARCHER

UNIVERSITY OF COLORADO
BOULDER, COLORADO

In order to provide some structure to this problem, I think it might
be well to start with a definition of a concept. In a sense, when one seeks
to identify the psychological nature of a concept, one is identifying the
attributes that serve to distinguish concepts from other psychological
phenomena. Curiously, therefore, I find myself in the position of de-
fining the concept of a concept, and this just naturally leads back to the
paper by that title which Howard Kendler gave at the ONR symposium
at the University of Michigan in 1962. I had the privilege of responding
to Kendler’s paper, and I now have had the added motivation to go back
and reread his paper (Kendler, 1964) as well as my reply (Archer, 1964).
The task of defining a concept is not an easy one, and Howard Kendler
suggested that his paper might be a “first approximation.” What follows
is at best a second approximation, or at least a different first approxima-
tion.

To start with, let me suggest the simple definition of a concept as the
label of a set of things that have something in common. I am proposing
essentially the kind of definition which Earl Hunt used in his book (1962,
p. 6) in which he wrote, “. . . concept learning is defined as a term which
applies to any situation in which a subject learns to make an identifying
response to members of a set of not completely identical stimuli. . . .”
Hunt also added the following restrictions, although the first seems
excessively constraining:

“l. The subject must, conceivably, be able to instruct a human to
apply the classification rule. The subject is not allowed to use examples
during the course of this instruction.

37
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“2. The rule to be learned must be one that can be applied to any
appropriate stimulus regardless of the context in which the stimulus
appears.

“3. The rule must be deterministic; once a given stimulus is com-
pletely described it must be uniquely classifiable” (Hunt, 1962, p. 7).

This definition of a concept is essentially what Bruner, Goodnow, and
Austin described as a conjunctive concept. However, they also identified
several other types of concepts (Bruner, Goodnow, & Austin, 1956). How
shall we handle these under the simple description that I have advocated
for all concepts? I propose that we might locate the variety of concepts
along certain dimensions. Rather than have distinctly and apparently
unrelated categories of concepts, I suggest that we think in terms of an
n-dimensional space in which the various dimensions are different ways
of manipulating the complexity of concepts. If there is any one dis-
tinctive feature about concepts in general, it is that they vary very widely
in terms of complexity.

The simplest concept would require but one bit of relevant information
and nothing more; for example, a sense impression, such as the one for
“cold.” To play on this theme for a bit, I would suggest a complex con-
cept might be illustrated by the two words “cold war.” On the one hand,
the simple concept has but one bit of relevant information and no irrele-
vant information, whereas, on the other hand, the complex concept in-
volves a set of many relevant attributes and is embedded in many irrele-
vant attributes.

The center of the n-dimensional space locates the simplest concept
with but one dimension and nothing else, and radiating out from this
origin we can identify one dimension of increasing complexity, which is
defined by increasing amount of irrelevant information. In a sense this
way of manipulating complexity is one in which the concept is simply
found in a wider and wider variety of contexts. This need to filter out
the many different contexts obviously proves to be a difficult task for a
subject. This effect has been demonstrated repeatedly during the past
10 years (e.g., Archer, Bourne, & Brown, 1955).

Another dimension that radiates out from this origin of our n-dimen-
sional space is the variation in complexity due to increasing amounts of
relevant information. This, of course, just identifies the information that
a subject must take into account in order to identify the concept. Al-
though there were some methodological issues unresolved, Walker
(1958) seems to have demonstrated the degrading effect of increasing
the amounts of relevant information. More recently it has been demon-
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strated (Bulgarella & Archer, 1962) that not only was the amount of
relevant information effective, but the phenomenon could also be gen-
eralized to auditory stimuli, as well as to visual stimuli.

So far this ordering of complexity is obvious and has been dealt with
previously. Going back to the origin of the n-dimensional space, how-
ever, I suggest that there is still another dimension which corresponds
to increasing the number of alternatives to the positive instance at the
origin. Basically, I am suggesting that one could arrange disjunctive and
conjunctive concepts along a single dimension. The simplest case of a
concept would be when there was but one alternative, the original
instance at the origin of my imaginary space. The further out I go on
this dimension of alternatives, the more disjunctive possibilities can be
entertained. To use the example suggested by Bruner et al. (1956, p.
158), “. . . to be a member of the class admissible to the Altavista civic
association, one must either reside legally in Altavista, or own property
there, or be engaged in business within the town’s limits.” In short, all
the members of the Altavista civic association do have something in
common; they are members of the association, but they achieve this
membership by meeting any of several requirements. I think one could
describe the dimension of complexity here in terms of the number of
alternatives that are possible. It would be easier to identify the concept
of what members of the Altavista civic association have in common if
only two alternatives were allowed, either legally residing in Altavista or
owning property there. When, however, one allows this to be expanded
to include engaged in business within the town’s limits, then the heter-
ogeneity of the set becomes greater and the concept becomes less clearly
defined. It would become even less clearly defined if one admitted still
further alternatives, such as, having the written recommendations of
five present members of the Altavista civic association. And, of course,
identifying the communality of membership would be even more diffi-
cult if one only needed to be a friend of someone who had five recom-
mendations of other members to become a member. Basically, I am sug-
gesting that conjunctive and disjunctive concepts are not qualitatively
different, but may be considered as lying along a dimension of com-
plexity defined by increasing heterogeneity of rules for class member-
ship.

To round out the picture and include probabilistic concepts, we could
assume that we have a dimension of decreasing probability of occurrence
of the relevant attribute(s) necessary and sufficient to identify the
concept. With 1009 probability we are at the origin of the n-dimen-
sional space and the concept becomes more complex as we move away
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from this origin and the previously necessary and sufficient attributes
for defining the concept are only sometimes appropriate.

Undoubtedly there are other dimensions which might be added to this
n-dimensional space, but for the time being I think this model will serve
the purpose of permitting the definition of the concept as the label of a
set of things which have something in common.

PSYCHOLOGICAL CHARACTERISTICS OF CONCEPTS
IDENTIFIABILITY

The first, and probably most obvious characteristic of a concept is
that it is identifiable. If, in fact, the concept could not be identified, then
I suspect as far as we would be concerned, it does not really exist. As
Kendler (1964) indicated, considerable research has been directed at
the problem of identifying the variables that alter the speed and ac-
curacy with which a concept can be identified.

Many studies (e.g., Archer et al, 1955; Bourne, Guy, Dodd, & Justesen,
1965; Bulgarella & Archer, 1962; Lordahl, 1961) make it abundantly
clear that increasing the amount of irrelevant information degrades the
speed with which a concept can be identified.

It also appears that it is possible to offset the effectiveness of large
amounts of irrelevant information by including redundant relevant in-
formation (Bourne & Haygood, 1959; Bourne & Haygood, 1961).

The effectiveness of varying the amount of relevant information has
also been fairly well documented at this time (Bulgarella & Archer, 1962;
Walker, 1958) to permit the conclusion that increasing the amount of
relevant information required also degrades the speed with which a
concept might be identified.

The results have been interesting in the effect of secondary variables
which might affect the obviousness of the relevant and irrelevant in-
formation (Archer, 1962) to support the predicted conclusion that the
identifiability of a concept will be facilitated if the relevant information
is obvious and the concept will become more difficult to disentangle
from its context if the irrelevant is obvious.

Recently Dominowski (1965) reviewed the literature on the role of
memory in concept learning. Obviously, before the learning could take
place, the concept had to be identified. Much of the literature re-
viewed by Dominowski in the interest of concept learning would also
be relevant to concept identification. Although Dominowski concluded,
“The question of memory effects during acquisition has no simple an-
swer,” he was able to provide two generalizations: “Performance is gen-
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erally improved by increasing the availability of previous stimulus in-
formation. The degree to which instances of the same concept occur
contiguously directly affects acquisition of the concept” (Dominowski,
1965, p. 271).

LEARNABILITY

After a concept has been identified, it might be learned by a subject.
As Kendler (1964) pointed out, these two phases of identification and
acquisition might even go on simultaneously and, perhaps, the acquisi-
tion could even precede the identification. This latter would occur when
the subject was acquiring information about the relevant dimensions
and had not yet identified the total concept. There is, however, a clearly
defined phenomenon of acquiring a concept or learning it which can
be separated out from the process of identification. Because of the ori-
entation of research workers in this area and because of the nature of
the concepts that have been studied to date, many of the same variables
that have been used in verbal learning have been applied to concept
learning. Again, Dominowski’s review supports the generalization that
some of the variables which apply in verbal learning might be applied
in concept learning, but by no means is the relationship between the
two fields identical. For example, distribution of practice is a relatively
weak variable in verbal learning and it is almost without effect in concept
learning.

The effectiveness of instance—contiguity is considerable. The clustering
of positive instances obviously places a smaller memory requirement on
the subject and seems, thereby, to facilitate the identification and learn-
ing of concepts. There have been many examples of this facilitation by
contiguity, and this generalization seems to apply to a wide class of
material. Newman (1956) used simple geometric forms as stimuli and
letters of the alphabet as responses. Hovland and Weiss (1953) used
more complex geometric forms as stimuli and words as responses. Un-
derwood and Richardson (1956) used words (nouns) as stimuli and
words (sense impressions) as responses. In short, the generalization that
instance—contiguity has a desirable effect upon identification and the ac-
quisition of concepts seems to stand the test over a wide range of ex-
perimental conditions.

Again, probably because of the learning orientation of researchers in
concept identification and acquisition, the role of delay of feedback was
a “natural” variable to explore. This has been particularly well examined
by Bourne and his students (Bourne, 1957; Bourne & Bunderson, 1963).
Whereas at first it appeared that the effect of information feedback was
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the same or at least similar to that which occurred in other forms of
learning, it later proved of less importance. The most effective variable
was the postinformation feedback interval.

Needless to say, concepts are not only learnable, but this characteristic
has been demonstrated in very young children (Kendler, Kendler, &
Wells, 1960; Sanders, Ross, & Heal, 1965) as well as in the average college
sophomore (e.g., Pishkin & Wolfgang, 1965). Furthermore, the possibility
of the acquisition of a concept is not limited only to subjects of normal
intelligence (Sanders et al., 1965).

Furthermore, the acquisition of a concept seems to be dependent upon
the same reward mechanisms as in other fields of learning. For adults,
it may be sufficient to say, “Uh huh,” whereas with young children an
M & M or even a Cocoa Puff will serve as the necessary reinforcement.

LABELABILITY

Another obvious psychological characteristic of concepts is that they
can be labeled or named. In many studies, the subject is specifically
asked to supply the name of the concept as evidence of his having ac-
quired it. In most experiments, however, we have tended to avoid such
“introspection” and have, instead, relied upon more objective evidence
of the subject’s acquisition of a concept, such as requiring a criterion
of so many consecutively correct responses before the subject’s service
is terminated. Even if the subject is not required to provide the label
for the concept, it is evident that he is using such labels and names from
the conversations he has with himself. The use of labeling or naming is
especially evident when the subject is searching through a large number
of instances. When, for example, the subject serves in a subset selection
experiment and is confronted with a large display of stimuli, we can
expect that he will repeat the names of the combination of attributes
he is searching for over and over as he continues his search. Some of
the less inhibited subjects will even say these aloud so that their use
of labeling is quite obvious. Sometimes it is apparent that the subjects
have even made up short code names to abbreviate some of the descrip-
tions of the dimensions. Undoubtedly what a subject says to himself
while he performs a search for a concept is one of the major variables
in concept learning. Regrettably, it is not easy to listen in on the sub-
ject’s inner speech; so we do the next best thing and try to alter that
speech. And one of the less successful experiments designed to alter the
probability of concept identification through the use of verbal pretrain-
ing was performed by Rasmussen and Archer (1961). Clearly the in-
terest in labelability of concepts derives from the interest in mediational
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processes which we assume exist. Perhaps this psychological character-
istic of concepts, the quality of being labeled or named, is one of the
most important characteristics. It seems obvious that if a concept can
be named or labeled, we will more easily achieve the first requirement
that Hunt (1962) had stated for concepts, namely, the ability to instruct
another human as to the nature of the concept. Surely, I can communi-
cate the nature of a concept I have in mind if I give the name of it
rather if I use an involved circumlocution and play a “twenty questions”
type of game in order to describe the concept. Undoubtedly, the fields
of concept identification and concept learning intersect the field of
verbal learning on this particular characteristic.

I suspect that as some experimenters discover what subjects say to
themselves while trying to solve concept identification problems, and
other researchers in the field of verbal learning explore the roles of
representational responses (Bousfield, Whitmarsh, & Danick, 1958) and
implicit associative responses (Underwood, 1965), we will discover that
we are working on the same problems. Since, as Underwood (1965)
indicated, it is possible for a subject to confuse what he has said to
himself (the implicit associative response) with specific words which
were really presented to him, then we can assume that the subject will
form concepts by combinations of either or both the representational
responses and implicit associative responses made to attributes of stimuli
in his world. Accordingly, I suspect that experiments using the Under-
wood and Richardson materials (1956) the Connecticut word association
norms (Bousfield, Cohen, Whitmarsh, & Kincaid, 1961) and the Minne-
sota norms (Russell & Jenkins, 1954) will become much more common.

In the early years of research in concept formation there was an in-
clination on the part of experimenters to require subjects to learn non-
sense words as labels for the concepts (Heidbreder, 1949; Hull, 1920;
Reed, 1946). This use of an artificial label that was meaningless to the
subject inevitably delayed the efforts of researchers to examine “what a
subject says to himself.” Perhaps only the more schizophrenic would talk
to themselves in the nonsense languages demanded by Hull, Heidbreder,
and Reed. As the subject is permitted to use his own conventional lan-
guage and, in fact, communicates with that language back to the ex-
perimenter, then the possibilities of meaningful manipulations of the
subject’s inner speech become possible. One illustration of this is sug-
gested in an experiment (Archer, 1962) in which a performance dif-
ference between the sexes appeared to depend upon the differential
ability of the two sexes to name geometric shapes.

It seems obvious that as the subjects are permitted to use meaningful
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language in their inner speech and as researchers discover ways of en-
hancing or diminishing certain elements of that speech, we will thereby
be able to control the speech of identification and acquisition of con-
cepts.

TRANSFERABILITY

Another obvious psychological characteristic of concepts is that of
transferability. The acquisition of one concept can have a positive or
negative effect upon the acquisition of a second concept. There is a
considerable history of research in the positive transfer of concepts in
the field of animal learning, where this phenomenon of positive transfer
has been referred to as learning set (Harlow, 1949) and in humans it
has been referred to as learning-to-learn (e.g., Archer et al., 1955). The
general characteristic of transferability is easily and simply summarized
by saying that subjects apparently learn not only the specific concept
at hand but they also learn something about how to form concepts. If
the concepts are of the same general type, there will be a considerable
improvement in performance over successive concepts apparently be-
cause of transfer of certain nonspecific skills from one problem to an-
other. A more specific consideration of the transferability of specific skills
related to concept learning is found in the literature on reversal and
nonreversal shifts (e.g., Kendler & D’Amato, 1955).

In the first of these cases, the interest is in the transfer of fairly non-
specific skills from one concept-learning problem to another. In the sec-
ond, the interest is in the transfer from one specific task to another
and in which the relevance of attributes has been systematically ma-
nipulated. Again, this phenomenon of transferability seems to apply to
human subjects of all ages, and under certain circumstances mentally
retarded children are even superior to normal children (Sanders et al.,
1965).

Perhaps a more interesting area of transfer in concept learning is in
terms of generalization, and in particular mediated generalization (e.g.,
Mednick & Freedman, 1960). Once again we come back to the role of
implicit verbalizations, or “what the subject says to himself” in the
study of concept learning. Another variant of this approach which will
surely receive greater attention in the future is the matter of alteration
of the meaningfulness of words as defined by a semantic profile (Os-
good, 1961) and the subsequent alteration of the mediated generaliza-
tion which will ensue. Although at first glance it looks like everything
is related to everything else, it also seems probable that through a care-
ful analysis of the changes in meaningfulness of words, as measured by



THE PSYCHOLOGICAL NATURE OF CONCEPTS 45

a semantic differential profile, it will be possible to predict which con-
cepts are likely to be formed and identified and which will not.

FORGETTABILITY

It seems safe to assume that concepts that are identified, learned,
named and generalized, or transferred, can also be forgotten. There really
has not been enough research in this area truly to test for the retention
of concepts. I suspect that all of us have at some time or another learned
some basic concepts in physics or chemistry or mathematics and have
since forgotten at least certain parts of these concepts. Over years of
nonuse a concept appears to become fuzzy and nonspecific. Although
concepts seem to be fairly resistant to forgetting, as compared to isolated
words, or even the words used to describe the concept, it would appear
that long-term retention studies are needed in this area.

On the positive side, it appears that the concepts can be relearned to
a high level with only occasional practice.

Up to this point I have enumerated some of the more obvious psycho-
logical aspects of concepts. Moreover, I have also enumerated these in
something of a chronological sequence that would be involved when a
subject progressed from an initial identification of a concept through its
acquisition and through to its forgetting.

There are, however, other interesting psychological aspects of concepts
that have received relatively little experimental attention. The reason for
the limited attention, I suspect, is because we lack ready experimental
paradigms to apply to the study of these aspects.

I would classify these psychological aspects of concepts under the
rubric of the utility of concepts. In short, what good are they? In a sense
I am raising the issue of motivation as to why a subject would be in-
terested in forming a concept.

I think the most eloquent and succinct listing of utility of concepts is
found in A Study of Thinking by Bruner and associates (1956). They
asked and answered their question, “What does the act of rendering
things equivalent achieve for the organism?” (p. 11).

They enumerated five achievements:

“...the organism reduces the complexity of its environment.

“... categorizing is the means by which the objects of the world about
us are identified.

“...a category based on a set of defining attributes reduces the neces-
sity of constant learning.

“...the direction it provides for instrumental activity.
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“...the opportunity it permits for ordering and relating classes of
events” (Bruner et al., 1956, pp. 12-13).

Underlying these five achievements seems to be a basic assumption
that an organism is striving to minimize the complexity of its environ-
ment, either through reducing “cognitive load” in the immediate world
as perceived; or the organism is striving to assure a minimal cognitive
load by avoiding surprises just around the corner.

The list of achievements also makes some assumptions, it seems, about
the basic inquisitiveness of the organism which may, in fact, be charac-
teristic of the more intelligent members of our society, but I think some
of the achievements would be regarded as having little utility for many
people. I have in mind in particular the fifth achievement of “the op-
portunity it permits for ordering and relating classes of events.” I suspect
the Bruner et al. example of “consider the possibility of a nuclear par-
ticle whose orbit is a spiral” would add to the cognitive strain of some
people more than it would reduce it. Nonetheless, Bruner et al. have
provided an intriguing list of aspects of concepts which deserves closer
experimental study than it has received to date. The area of research
of motivation to formulate concepts includes much of what interests
Piaget, but it is broader than just his work.

It seems that a promising area of research would be to identify the
variables, both environmental and organismic, which would alter the
probability with which an organism would be inclined to reduce the
complexity of its environment. I suspect an organism may strive to reduce
the complexity of its environment if, in fact, it is chaotic, but, on the
other hand, that very same organism may seek to search out peculiarities
and differences in the elements in its environment in order to optimize
its environmental complexity.

Speculating still further on this first achievement, I suspect that the
motivation to reduce complexity in the environment may, in fact, be
closely related to chronological age and to intelligence. For example, the
child who has just learned that the household pet belongs to the species
called “dog” seems impelled to assign almost all four-footed animals,
whether they be cats, horses, or cows, to this category of “dog.” There
seems to be, in short, the strong motivation to reduce the complexity of
the environment. As the child grows older, however, the need seems
either to reduce or the child becomes more sensitive to stimulus dif-
ferences, which accounts for why dogs are dogs and cats are cats. It seems
that the highest levels of intellectual sophistication are achieved when
the organism can with ease “reduce the complexity of its environment,”
and yet at the same time appreciate the subtle differences among the
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elements within its environment. I think this intellectual and esthetic
sophistication is most eloquently described in a sentence in Fitzgibbon's
recent Atlantic article on the young Dylan Thomas in which he stated,
“One of the functions, perhaps the most important and fruitful function,
of the artist is to make a pattern out of chaos, to find an imaginative
synthesis for the antitheses about him” (1965, p. 63). Now it is quite
true, of course, that one can overdo the stimulation of these antitheses,
and you end up with Antoine’s bizarre world in Sartre’s La Nausée.

The second achievement of categorizing described by Bruner et al.,
i.e., “the means by which the objects of the world about us are identi-
fied,” is, of course, closely related to the first achievement of reducing
complexity of the environment. This second achievement, however,
points up an interesting motivational property of a concept. “To what
extent does the organism’s knowledge of a concept motivate him to try
out his concept on stimulus objects in his environment to see if they will
£it?™” I think this is what the child who has just discovered the meaning
of the word “dog” does. As this imaginary child goes through his imagi-
nary day, looking at imaginary dogs, his behavior is being controlled by
his drive to reduce the complexity of his environment by identifying ob-
jects in his world. However, I think this model of behavior has some
disturbing implications for the educative process. A logical extension of
the model I have described would argue that the concepts which a child
first learns will, in fact, affect the nature and the extent of the concepts he
will subsequently learn. Until the child is able to specify his concept of
“dog” he will probably have considerable difficulty distinguishing between
dogs and cats. However, until he has successfully differentiated the two
concepts of “dog” and “cat” he will probably have considerable difficulty
distinguishing foxes, wolves, hyenas, and domesticated dogs. And, of
course, the real world will not leave well enough alone; after our imag-
inary child has finally figured out all of these beasts, it will be his mis-
fortune to encounter a Tasmanian tiger.

Through all of this exposition and description of the psychological
nature of concepts, I have rather carefully avoided much of an involve-
ment with the role of language. At some point we obviously must do
something about the relationship between words and concepts. In reply-
ing to Kendler’s paper, I blithely identified words and concepts as es-
sentially the same things. I think, however, a better way of describing
the relationship is to think in terms of the meaning of the representa-
tional response as equivalent to the concept. This, however, puts the final
complicating touch to a description of the psychological nature of con-
cepts. An experimenter cannot present or manipulate a concept directly.
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At best he can present stimuli, which, in turn, induce representational
responses which may have meaning for the subject and which, in tumn,
might be identified as the concept. Essentially, therefore, we have a
remote control system with a great deal of slack in the geartrain. The
complexity of the problem is magnified still further when one thinks
back to Ben Underwood’s recent paper on the false recognition produced
by implicit verbal responses and comes to realize that the last gear in
the train might not even be going in the direction we suspect.
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CHAPTER 4

SOME RELATIONSHIPS BETWEEN
CONCEPT LEARNING AND
VERBAL LEARNING

BENTON ]. UNDERWOOD
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EVANSTON, ILLINOIS

It can be shown that rote verbal learning tasks elicit responses which
are conceptual or categorical in nature. Although we sometimes speak
of this as concept utilization, the utility of the responses for learning
depends upon the nature of the task. If a list of words includes several
instances of a given concept, and if several different concepts are in-
volved in the list, it will be acquired more rapidly as a list than will one
in which no apparent conceptual relationships exist among the words.
For example, a list consisting of cow, horse, pig, sheep, robin, bluebird,
crow, and canary will be learned more quickly than one in which the
eight words do not fit easily into categories (Underwood, 1964). On the
other hand, if we construct a paired-associate list in which instances of
two different concepts are paired, such as cow-robin, horse-bluebird, pig-
crow, sheep-canary, the task is one of the most difficult ones we can
construct by the use of words (Underwood & Schulz, 1961). The fact
that free learning is facilitated by the presence of instances of concepts
in a list and that paired-associate learning of a list as constructed above
is severely inhibited, suggests that the subject has little if any control
over the well-learned categorizing responses. It is not the intent of this
paper to trace the implications of such findings other than to note that
any interpretation of them must assume that the words as presented
elicit implicit associative responses which are conceptual in nature (cate-
gory names). No other interpretation will account for all the known
facts.
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If the paired-associate list described above is extended so that in addi-
tion to having animal names and bird names paired, there are also pair-
ings of names of countries and names of fish, and pairings of names of
flowers and names of insects, the subject, to his detriment in learning,
acquires three conjunctive concepts the components of which are them-
selves category names. That is, he learns that animals and birds go to-
gether, countries and fish, and as a third concept, flowers and insects.
Such higher-order learning in this case is detrimental to the prescribed
paired-associate task because it retards the acquisition of discriminatory
cues which are necessary to associate specific instances of the concepts.
Such studies show that conceptual responses are elicited persistently in
verbal-learning studies and they also show that new concepts may be
acquired in the act of learning the list.

The above studies are mentioned to show that the research worker in
verbal learning must necessarily deal with categorizing behavior of his
subjects. It is probably impossible to give the subject a verbal-learning
task in which some form of classificatory responding does not occur. It
must follow, therefore, that an understanding of verbal learning depends
in part upon an understanding of concept learning and concept utilization.
In the present paper, the line of argument will be reversed, the thesis
being that an understanding of verbal-learning phenomena may aid our
understanding of concept learning. At the minimum, we believe it can be
shown that the analytical approach being used in rote learning has rele-
vance to approaches which may be taken in studies of concept learning.

A BASIC PARADIGM

One of the frequently used paradigms in the study of transfer in
verbal learning is, in the jargon of the field, the A-B, C-B paradigm—a
paradigm wherein successive lists have the same responses but different
stimuli. It can be seen that this paradigm, and variants on it to be
discussed later, satisfies the usual definition of concept learning when there
are two instances. When two or more stimuli come to elicit the same
response, implicitly or explicitly, we say a concept has been learned. An
extension of the paradigm to include more than two instances of the
concept presents no problems. However, in concept studies as such, we
normally have the A-B, C-B paradigm represented within a single task
or list—not across lists, as the paradigm is used in transfer studies. This
minor difference, however, need not mask the fact that the A-B, C-B para-
digm fits the definitional requirements of concept learning.

The A-B, C-B paradigm represents concept learning in pure form;
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there is minimum similarity between the two stimuli. In fact, in the pure
form this paradigm represents the disjunctive concept, where the two or
more instances given the same name have little if any apparent similarity
and are never presented together. For example, the varieties of behaviors
which, in the eyes of the law, are classed as misdemeanors, fit this para-
digm rather precisely. Concept learning in many laboratory studies as
well as outside the laboratory, however, often involves assigning a com-
mon name to events or objects which have some common characteristics,
either characteristics given in immediate perception or in terms of
functional characteristics. Therefore, in thinking about the relationship
between verbal learning and concept learning, we must include variants
of stimulus similarities in the A-B, C-B paradigm. When some similarity
exists between stimuli we usually note this as an A-B, A’-B paradigm. To
include the entire dimension of similarity, therefore, we may assert that
concept learning of any type falls at some point on the dimension of
stimulus similarity identified at the two extremes as A-B, C-B and A-B,
A-B, the latter point merely representing the logical extreme where rote
learning and concept learning cannot be distinguished.

In rote learning the A-B, A’-B paradigm will produce positive transfer,
and the amount of positive transfer is directly related to stimulus simi-
larity (Hamilton, 1943). The A-B, A’-B paradigm when applied to con-
cept learning includes conjunctive and relational concepts. The A-B, C-B
paradigm when used in rote learning may produce negative transfer
(Twedt & Underwood, 1959) and, as noted above, may be coordinated
with disjunctive concepts. It is probably no coincidence that subjects
find conjunctive and relational concepts easier to learn than disjunctive
concepts (Hunt & Hovland, 1960). When viewed from the transfer studies
in verbal learning, relational and conjunctive concepts have the necessary
similarity among the positive instances of the concepts to produce positive
transfer, whereas the disjunctive concept does not. If within a single task
we had both conjunctive and disjunctive concepts, it seems likely that
the disjunctive concept would be learned more slowly. Everything we
know about the effects of similarity on transfer would predict this,
although if such an experiment has been done it is not known to the
present writer.

We need to consider briefly the properties of the response term in
the A-B, C-B paradigm and its variants. In the usual rote-learning situa-
tion the response term initially holds no relationship to the stimulus term,
and must be learned as an independent unit. This situation also obtains
for the disjunctive concept, although in some cases the concept name may
derive from one of the instances of the concept (as the swung-and-missed
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“strike” in baseball). Any study that uses neutral terms (such as nonsense
words) as the concept name fits the A-B, C-B paradigm as used in verbal
learning, and many of the concepts we learn are of this nature. Without
a knowledge of Latin the concept name “quadriped” is a nonsense word
to most students initially. There are other situations in which concept
learning is studied, however, in which the concept name (the B term)
is given directly by the display. This is true in the studies in which geo-
metrical forms varying in several dimensions are used. In such cases the
B response as a response does not have to be acquired, and there is no
associative connection required between the instance and the concept
name. Analytically, such studies are valuable because they limit behavior
to that involved in selection strategies, but they are not representative of
concept learning in the “raw.” And of course, our more abstract concepts
cannot by definition be given immediate sensory representation and,
therefore, require names and associations. In the discussion to follow,
therefore, our emphasis will be on concept learning which requires the
use of an indicator, usually a word, which is not given directly by the
display and which, therefore, requires either the acquisition of a new
association or the evocation and perhaps strengthening of an old one.
This qualification clearly is a matter of convenience when relating con-
cept learning to factors involved in the verbal learning of the A-B, C-B
paradigm and the variants thereon.

BACKWARD ASSOCIATIONS

In an earlier article (Underwood, 1952) the present writer developed
a rudimentary orientation to direct certain studies of concept formation
and problem solving. One of the assumptions of the orientation was that
response contiguity was a critical variable for concept learning or con-
cept recognition, and the response referred to is the B response. It was
stated that in order for a relationship among stimuli to be perceived
(e.g., for a concept to be formed), responses to the stimuli representing
different instances of the concept must be contiguous. To state this another
way, if the responses to two or more different stimuli occur in close
temporal contiguity, and if the stimuli have some one or more properties
in common, discovery of the commonality will be directly related to the
contiguity of the responses to the stimuli. In terms of the language of the
present paper, this reasoning held only for the A-B, A’-B paradigm.

The reasoning was based on the fact that forgetting occurs over time.
If at one point in time the subject is presented with a display and is
told that a gokem is represented, and if several minutes later a different
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display is presented and the subject is told that gokem is again repre-
sented, forgetting may not allow the subject to remember the features
of the first display. An indirect way of manipulating response contiguity
is to vary the spacing of instances of the same concept within a list by
inserting varying numbers of instances of other concepts. Inserting other
irrelevant concepts between two instances of the same concept makes it
more difficult for the subject to bring the responses to the instances of the
same concept into a contiguous relationship. The importance of contiguity,
as indirectly varied in the above manner, seems to have considerable
support from experimental studies (Dominowski, 1965).

The above orientation is incomplete; there is an implicit assumption
which, if not made, leaves nothing but nonsense in the statement about
the role of contiguity. The principle is that the more contiguous the
responses to instances of the same concept the more likely it was that
the subject would detect similarities among the stimuli, hence, learn to
recognize the concept involved. It is clear, however, that contiguity of
responses is of no consequence unless the stimuli associated with the re-
sponses can be remembered. We may illustrate the problem in two tasks;
let the successive presentations of the items be as follows:

14-7Z 14-7Z
48 -7 23-X
58-Y
48 -7

In the two-item illustration on the left the common response to the two
stimuli occurs in immediate succession and, according to the principle
of contiguity, the common element in the stimuli (4) should be more
readily detectable than in the illustration on the right where the two
instances are separated by instances of other concepts. The theory must
necessarily assume that if the subject is given the response for a previous
instance of a concept he can remember or reconstruct the stimulus.
Response contiguity has no meaning for concept learning unless it is
related to the ease of recall of the stimuli that go with the responses. In
the above illustrations, when A occurs the second time, we must assume
that the subject, in a manner of speaking, asks himself what stimulus went
with that response earlier. To answer his own question, the subject must
get from Z back to the original stimulus. But, given that this stimulus
term could be remembered, and given the second stimulus term directly,
the contiguity notion said that only under these circumstances would
the subject be able to detect the commonality of the stimulus terms.

The implicit assumption in the notion was that the subject could get
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from Z back to the stimulus, but in 1952 we had no available knowledge
which would allow us to say that such an assumption was reasonable. We
merely assumed that it was possible. Shortly thereafter, however, studies
were undertaken using paired-associate lists to determine if, following
learning, the subject could produce the appropriate stimulus term if
given the response term. These studies were done initially to see if back-
ward associations, as they are now commonly called, were present follow-
ing the learning of a forward association. If such associations existed, the
mechanisms by which response contiguity influenced concept learning
could be considered complete. As is known, backward associations do,
indeed, exist following the acquisition of forward associations, and a
number of investigators, for quite different reasons apparently, became
interested at about the same time in studying backward associations.
There is now a rather vast literature on the topic. The only point we wish
to make here is that backward associations are operationally real; the
subject can recapture the stimulus term in greater or lesser detail follow-
ing the learning of the forward association. Probably no one was sur-
prised at the demonstrations of backward associations, but the fact that
they are relatively strong associations did, perhaps, surprise some. Of
course, for any well-learned concept or well-learned association, the
reversibility is quite apparent, e.g., horse will lead to animal and animal
to horse.

As noted above, when the pure A-B, C-B paradigm is used in a transfer
study in verbal learning we may expect a small amount of negative
transfer. There is inferential evidence that this is caused by the presence
of the backward association (B-A) interfering with the learning of a new
backward association (B-C). There is no reason why this same inter-
ference should not occur within a single task in acquiring a disjunctive
concept. The major point, however, is that we must recognize that con-
cept learning at some stage involves the development of a word associa-
tion between an instance of a concept and the concept name, and that
the moment a forward association is developed, a backward association
is also present.

STIMULUS SELECTION AND STIMULUS BIAS

If the stimuli of a paired-associate list consist of two or more discrete
elements (e.g., two letters, two words), the association may be formed
between only one of the elements of the stimulus and the response term.
Such stimulus selection may be demonstrated by transfer tests in which
the second-list stimuli consist of only one of the stimulus elements. In
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extreme cases the selection may be complete and nearly universal across
subjects. Thus, if a common word and a difficult trigram make up a
stimulus compound, the transfer tests show that the performance is
nearly perfect when the word is used as the formal stimulus, but nearly
zero when the trigram is used (Spear, Ekstrand, & Underwood, 1964).
From a certain point of view, the laws of stimulus selection seem quite
reasonable, but from another they appear to represent the tapping of
biases which do not, in fact, reflect accurately the laws which govern the
learning. Two illustrations may be given. We noted that subjects will
overwhelmingly select a common word as the functional stimulus when
both the word and a difficult trigram are paired consistently with the
response. If the trigrams are used as the only stimuli in one list and the
words as the only stimuli in another, however, there may or may not be a
difference in the rate of learning the two lists. Stimulus meaningfulness
has a relatively small effect on learning (and there are investigations
which have shown no effect), and yet the subjects when given a choice
will “choose” to learn the list with words as stimuli. A second illustration
comes from a study in which each compound consisted of a common word
and a frame of easily labeled colored paper (Underwood, Ham, &
Ekstrand, 1962). In this situation the selection of the word over the color
as the functional stimulus was roughly 2 to 1. When other groups learned
lists in which either the words or the color frames were stimuli, however,
there was no difference in the rate at which the two lists were learned.
The usual college-student subject can identify with great accuracy how
easy or how difficult a given verbal unit will be to learn as a unit in
free learning. However, he seems much less capable of distinguishing the
ease or difficulty with which a given stimulus will enter into an associa-
tion. This suggests, therefore, that certain stimulus biases or preferences
must to a certain extent determine stimulus selection.

The study of concept learning is the study of stimulus selection. The
crux of concept learning is the abstraction—selection—of a common
feature, characteristic, or property which is present in a number of stimuli
which differ on other characteristics. Indeed, if we were to contrast rote
leaming and concept learning at the point where a contrast is most
meaningful, we would say that stimulus selection is an interesting by-
product of rote learning but a necessity in concept learning. At the
same time, however, the laws that govern stimulus selection in both
cases may turn out to be very similar.

We must first recognize that just as in verbal learning, stimulus
selection in concept formation is heavily determined by biases and
preferences. In spite of the fact that a subject may know that all char-
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acteristics of a stimulus display have equal likelihoods of entering into
the appropriate concept, the choices are not random. This is most clearly
seen in the study by Wallace (1964). He explained to subjects the nature
of two-attribute concepts. He then presented them with cards having
four attributes and across cards the attributes had three different levels.
All cards were present simultaneously and the subject was asked to emit
as many two-attribute concepts as possible. The emissions were not ran-
dom, and there was considerable agreement among subjects on the order
of emission. Subsequently, when Wallace had new subjects discover ap-
propriate two-attribute concepts, the rate at which the discoveries were
made was accurately reflected in the order of emission of two-attribute
concepts by the first group of subjects. Different attributes or character-
istics of stimuli have different degrees of dominance for the subject, and
concept learning is difficult when the dominant attributes are incorrect.
For any given problem the dominant attributes may be quite irrelevant,
but it is unlikely that they are irrelevant in the long run history of the
organism. Although some types of attributes may have more direct per-
ceptual compellingness than do others, when considering concepts which
are formed without reference to the perceptual characteristics of the
instances of the objects, dominance is still found. This must mean,
therefore, that the dominance has grown because it has been serviceable;
the initial attack on a problem makes use of dominant characteristics
because those characteristics have been successful in the past. The
organism is quite sensitive to variation in environmental probabilities, and
it is reasonable to believe that dominance in stimulus selection represents
the end product of probability learning. A problem to be solved or a
concept to be learned at the moment becomes difficult when the
dominance habits are inappropriate.

The experimental investigation of stimulus selection is a relatively
new area in verbal learning, and we do not know very much about the
preference habits of our subjects. But, upon the relationship between
stimulus selection in verbal learning and stimulus selection on concept
formation, two points by way of summary seem relevant. The first is that
as the facts grow about stimulus selection in verbal learning, our under-
standing of the processes of concept formation must also grow since, as
was insisted earlier, concept formation is basically the study of stimulus
selection. There are many studies that can be done which would be
directly relevant to the understanding of concept formation. For example,
to the best of the writer’s knowledge, no one has investigated stimulus
selection habits as a function of an abstract-concrete dimension. Such
work might be pertinent to the understanding of the problems that occur
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in forming abstract concepts. As another illustration, we know little about
the development of selection habits, their strength, nor how easily they
may be modified. Let us assume that if a study of stimulus selection were
performed in which clear preferences were demonstrated for dealing
with concrete words, could we, by making it pay, teach the subject to
reverse this selection habit and to deal with the abstract initially?

The second general summary point about stimulus selection relates to
a problem of method. The experiments studying stimulus selection use a
transfer technique, but the technique is concerned with the transfer only
because it allows direct inferences about the nature of the learning
which occurred in the original task. There seems to be no reason why it
should not be an appropriate procedure for studying certain problems
in concept formation. For example, we have seen that subjects usually
learn conjunctive concepts more readily than disjunctive concepts. But
suppose the subject is forced to learn a two- or three-value disjunctive
concept in one task and then, on a second task, the attributes defining the
disjunctive concept become the relevant attributes in a conjunctive con-
cept. Will the stimulus dominance, hence the stimulus selection, be
changed?

As another illustration, assume that four unrelated words are used
as stimulus terms and a single word (the concept name) as the common
response for all four stimuli. This is a rote-learning task but fits the defi-
nitional requirements of concept learning. A critical question, however,
is whether or not the four words will “behave” as if they were con-
ceptually related when used in a new task. For example, would there be
interference if in a subsequent paired-associate task the subject were
required to learn different responses to the four items?

RESPONSE LEARNING AND ASSOCIATIVE LEARNING

The division of the learning of a paired-associate list into two phases,
response learning and associate learning, is a fairly gross breakdown
but even at the gross level has considerable analytical value. Variables
that influence positively the acquisition of responses may influence asso-
ciative formation negatively although some variables may facilitate both
stages. There is a direct application of these stages, and what we know
about them, to the study of concept learning. It is the purpose of this
section to discuss some of these applications.

The speed at which a verbal unit is acquired as a unit (response learn-
ing) is enormously affected by the meaningfulness of that unit. At every
level of our educational system we require our students to learn words,
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often concept names, which vary in meaningfulness from very high to
very low. That this is even a tolerable situation stems from the fact that
we may often code our technical terms so that the word implies the con-
cept, i.e., it may be generated from an instance or it may be derived from
Latin and Greek roots if the student has a knowledge of these languages.
Yet there are a great number of technical terms for which this is not
possible and there is no recourse for the student but to memorize the
concept name, and our best evidence at the present is that this memoriza-
tion can occur only by practice at emitting the word. Many of the early
studies of concept learning required the subject to learn a nonsense word
to indicate each concept. These studies were not unrealistic representa-
tions of normal concept learning, but it must have been a considerable
surprise to some when it was demonstrated (Richardson & Bergum,
1954) that most of the learning time involved in such studies consisted
of acquiring the responses and forming the associations with only a small
proportion of the total time actually involved in concept learning as
such.

The meaningfulness of the response term determines its rate of acquisi-
tion, and insofar as concept names differ in meaningfulness, the laws of
meaningfulness as determined from studies in verbal learning should be
directly applicable. Since, in learning a concept, the class name is used
or rehearsed once for every instance of the concept, the response learning
should occur relatively fast.

The associative phase in verbal learning is not an extended phase such
as that required for the integration of responses. The fact that there can
be a disagreement between one-trial and incremental-learning theorists
indicates that the associative phase in the usual situation may occur very
quickly. As noted above, if in concept learning the coding is such
that the stimulus term (an instance of a concept) directly suggests the
class name, the associative learning phase should occur very quickly.
At the same time, however, there is one variable which profoundly in-
fluences the associative phase in verbal learning and which also has been
shown to influence the acquisition of concepts as such, and probably for
the same reason that it influences verbal learning. This variable is intralist
stimulus similarity, and its importance in both verbal learning and con-
cept learning has long been recognized (e.g., Gibson, 1940). For the
present purposes, the discussion will be limited to similarity resulting from
associative overlap.

We noted at the outset that verbal learning could be seriously retarded
if words obviously belonging to the same class were stimuli for different
responses. The moment the same response is used for all instances of the
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class, however, learning will occur in one trial. In acquiring a concept
from “scratch,” a concept in which the instances do not mediate the
concept name directly (as when the concept name is a nonsense word),
we presume that when learning is complete the concept name will be
elicited implicitly when the subject hears or sees an instance. The word
eagle will elicit bird as an implicit response with very high frequency,
but under appropriate instructions it can be shown that eagle will also
produce a number of other associated words, perhaps big, remote, or
bald. Insofar as the names for other quite different objects may elicit
these same associates, there is a basis for the existence of new concepts
—concepts which have never been recognized. Such word materials,
therefore, provide a means for the study of concept recognition and
interference in concept recognition with college students under quite
realistic circumstances.

Among the studies done with such materials was one in which we
varied what we call concept overlap (Underwood, 1957). When objects
are described in terms of sensory attributes, the number of words avail-
able for such description is sharply limited. Therefore, when concrete
nouns are described by sensory characteristics we discover that many not
obviously related objects are occasionally given the same descriptive
associates. These associates may be used to devise “new” concepts, i.e.,
to relate objects in a manner in which they have not been previously
related. That village, crumb, minnow, and atom are related by a common
descriptive characteristic (small) is an illustration.

Pursuing this line of thought, it can be seen that if the subject is re-
quired to learn several such “new” concepts at the same time, we may
use stimulus words which “throw out” irrelevant, distracting, and inter-
fering associates. In more technical language we say that, although there
is necessarily similarity (defined by common associates) among the
instances of a concept, there is, under a high-overlap condition, also
high similarity among instances of different concepts. The result is a
difficult stimulus selection task for the subject. However, it may be argued
that this is a very realistic situation in that it is one faced by all of us
when we attempt to draw together seemingly disparate concept instances
or disparate phenomena into a new concept based upon commonalities
that have not been perceived before. Indeed, some have speculated that
the ability to perceive remote commonalities is one of the ingredients in
creativity (Mednick, 1962). Whether this is correct or not, the evidence
indicates that the ability to detect unusual relationships among objects
or events is difficult because of interference from the strong associates
defining already recognized concepts.
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IMPLICIT ASSOCIATIVE RESPONSES

As a final section to this brief excursion into some relationships between
concept learning and verbal learning, we may make explicit an under-
lying theme. A great many verbal-learning phenomena exist only be-
cause verbal units produce implicit associative responses. Mediation,
transfer, interference, forgetting, similarity effects, meaningfulness effects,
and so on, are based on the elicitation of implicit associative responses.
Verbal learning cannot exist as an analytical endeavor without attending
to the implications of implicit associative responses. It has been an under-
lying theme of this paper that the study of concept learning is also vitally
concerned with the implicit associative response. In learning a new con-
cept the associative responses to instances of the concept must be
identical. The act of learning a new concept is the act of acquiring these
identical associates so that they will be immediately and consistently
elicited. This is what verbal learning is all about. In detecting new re-
lationships among objects or events, the concept-formation task is es-
sentially a problem-solving task in which there is a search for common
associative responses among the many produced by the objects and events.
These associations had to be established sometime, and how they are
established is the province of verbal learning. That a new instance of a
concept can be readily classified can only occur because it elicits an im-
plicit associative response that defines the concept. In short, the study of
concept learning is the study of the acquisition and utilization of common
associates to different objects and events. The study of the development of
associative responses is the study of verbal learning as is also the study of
the implications of their elicitation after development. Given this orienta-
tion, it is sometimes difficult to make a distinction between concept learn-
ing and verbal learning.
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CHAPTER 5

MEANINGFULNESS AND CONCEPTS;
CONCEPTS AND MEANINGFULNESS

JAMES ]. JENKINS

UNIVERSITY OF MINNESOTA
MINNEAPOLIS, MINNESOTA

I was originally asked to write on “the role of meaningfulness in the
learning of concepts.” I took this to imply concern with the number of
associates given to particular stimuli and the role of relevant and ir-
relevant associates in achieving or delaying concept formation or identifi-
cation. Such ground has already been well covered by Dr. Archer and
Dr. Underwood in their excellent chapters (3 and 4) and they have
suggested appropriate directions of attack. Fortunately, for the sake of
the reader, I reread the suggestions for discussion that accompanied the
topic and decided that my first reading was in error. The questions in-
cluded “What are the most promising methods of assessing the meaning-
fulness of concepts?” and “To what extent are there differences in the
meaningfulness of concepts?®

At this point the task became much simpler and much harder. It became
much simpler because I think one must argue that “meaningfulness” is
not a property of concepts. It became harder because it was clear that
I would have to make that argument and try to spell out its consequences.
In the course of the writing it seemed to me that the basic issue was
somehow inverted—that meaningfulness had no direct relation to con-
cepts but that concepts might have a powerful relation to meaningful-
ness. This idea, I shall attempt to illustrate later in the chapter.

CONCEPTS, STIMULI, AND MEANINGFULNESS

Let us first consider why it is that concepts cannot be said to have
“meaningfulness.” Meaningfulness is a venerable term in the verbal
learning tradition and one with which a writer would tamper only under
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great provocation. It is ordinarily held to be measured by indices such
as the number of subjects reporting an association in the presence of the
stimulus, the number of associations to a stimulus per unit time, and the
subjective appraisal of associative richness by a subject, objectified by a
rating scale. All these measures appeal to responses of subjects in the
presence of the stimulus when the subjects have a particular set of
instructions. It is obvious that all these operations require a stimulus to
be responded to and it is to the stimulus that the meaningfulness attaches.
I want it to be painfully clear that I am going to insist that a concept is
not a stimulus. A concept is, rather, a construct, in every sense equivalent
to constructs in scientific theory and no more directly available than
such constructs usually are.

Consider the construct “a word in English.” How shall I define its
meaningfulness? No matter what procedure I choose, I must have a word
or a set of words to be rated, and it will be those particular ratings of
those particular stimuli rather than “the concept” that is summarized in
the meaningfulness measure.

Alternatively, I might seek the meaningfulness of more traditional
concepts such as those Heidbreder used in her classic experiment. Any
particular instance I choose can be appraised—say I choose the card
showing six birds—and the meaningfulness of the stimulus will be
specified by that appraisal but the meaningfulness of the concept “six”
is beyond my reach. It must be presented in particularized form. If I
present the word “six” instead of six items, I only appear to solve the
problem. An association to “six” such as “bricks” makes clear the fact that
the word, too, is a particular stimulus with properties of its own which
affect the associative distribution.

It may be helpful to approach this problem from still another point
of view. Elementary textbooks sometimes talk of concepts as being
represented in stimuli or being identifiable in different sets of stimuli.
The concept a red patch is presumably represented in every red patch
but it is clear that it is not identical with any particular one of them nor
could it be. The issue here is readily seen to be the same as that involved
in the older discussions of “images.” “What triangle is the image of
triangle?” The answer, of course, had to be that no particular image
could serve, precisely because it was particular and, therefore, could not
be the image that was “matched” when one said some other stimulus was
a triangle. The fruitlessness of the debate on images should suggest to
us that this is the wrong way to approach the problem. Surely, we must
consider more complex notions of what a concept is than the notion that
it is some stimulus invariant, isolated as a cue by some process that
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stores a family of instances and then somehow identifies what is common
to the physical display of all of them.

To say that the concept is in some way “available” or identifiable in
the stimulus attributes of any particular exemplar is false, I suspect, not
only in special cases but in the usual and general case. When I see a
colleague, I may say that he is an example of a bearded man. This chooses
an intersection of concepts each of which is more or less identifiable on
the basis of physical properties (although we may have a terrible time
specifying what the sets of stimulus cues are supposed to be). In addition,
I have chosen classes or concepts which are supposed to combine in a
known and unambiguous fashion (note that I might not be sure what
was meant by “bearded lion” or “lion man”). This is the kind of example
that encourages one to continue with the struggle of assigning physical
attributes to the delineation of a concept. But the inappropriateness of
the approach can be immediately sensed when I go on to point out
that he is a psychologist, a Unitarian, a father, a musician, or, indeed, as
I said at the outset, a colleague. These kinds of concepts are not to be
identified in the stimulus but rather in my knowledge of the stimulus
person.

At this point it is fashionable to say that I ought not to talk in this
careless fashion, that I should not say “my knowledge of the stimulus”
but rather I should say that the important properties are not in the
stimulus but rather in my “responses to the stimulus.” This is, of course,
the approach taken by all mediation theories and to the extent that any
theory deals with “concepts” currently it must at least be mediational.
But even here there is disappointment. It must also be clear that it is
the “potential response” rather than the actual response that identifies an
instance of a concept. In the case of my colleague, you may well seek to
exhaust my possible responses to his name, his picture, or to him,
physically present as a stimulus object. Having worn yourself out you
may not yet have discovered that he belongs to the class, member of
Democratic-Farmer-Labor party, friend, nearsighted people who hate fat
meats, or arbitrarily many other classes to which he may belong and of
which I have knowledge and might admit him as an instance if you had
asked me. Certainly, his membership in a class and my recognition of it
is not contingent on my volunteering the information under some general
set of instructions to respond. Indeed, I may recognize his membership
in a class which had never before been defined for me if you create such
a class in terms which I can understand (e.g., tank commanders of
World War II who were wounded in the right knee in France in 1944).

My actual responses may further be positively misleading as to the
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relevance of the stimulus to some particular concept. In the course of
responding to the stimulus of my colleague, it is quite likely that I would
be led to name his wife and the art in his home which she collects. In
the uninterpreted responses there is nothing to guide one as to the
properties that he possesses and those possessed by his surround and
thus “merely associated” with him. The brute fact is that until my
responses are utilized or put to work in some as yet unspecified way 1
do not know what bearing they have on any concept. Tables are not
chairs and black is not white yet these are strong bidirectional associates.
Whether they are instances of the same concept depends on what con-
cepts are employed. Then, depending on the task at hand, the observed
behavioral relationship, i.e., the fact of their association, may be facilitat-
ing, interfering, or irrelevant. Associative networks provide an important
part of the material on which other orderings and relationships can be
imposed and against which requirements and specification may be
checked. This does not mean that “checking” is easy. To see a stimulus
as an instance of a particular concept or to see how it relates to a more
general conceptual scheme may be a great intellectual feat or a trivial
exercise akin to running a batch of cards through an IBM machine to
pick off all that have a “9” in the second column. But, surely, it is not
merely the latter.

THREE KINDS OF CONCEPTS

Perhaps, the orientation of this paper can be made clearer by consider-
ing concepts to belong to three general classes. The first class is that of
concepts that depend on the isolation of some aspect (or set of aspects)
of the stimuli which are instances of that concept. The second class is
that of concepts that depend on community or agreement of particular
responses to the stimuli. The third class is that of concepts that are con-
structs in general systems of relationships. Instances may be recognized
by submitting them to some test procedure or set of procedures. Neither
the test procedures nor the rules of the concept system may be clear to
the subject who possesses the concept.

Consider the first class. At the first level, so to speak, we can talk
of concepts that are dependent on shared characteristics of the physical
stimulus. This kind of concept-formation study began to appear in the
literature in the 1920’s. Concepts of this class may be very complex in
expression (as in taxonomic zoology) or very simple (as in the psycholo-
gists’ concept identification experiments with children and animals).
The important aspect for our purpose is that these concepts may be
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made explicit in the form of physical characteristics present in the stimulus
display itself. Presumably, the subject needs to learn what to look for
and where and how to look; in extreme cases he may even need an
elaborate check list to work from and require special apparatus. But
the psychological problem involved in such concept identification does
not seem particularly deep. (The parallel “simple process” is presumably
primary stimulus generalization.)

The second kind of concept is seen emerging in the literature in the
late 1930’s and early 1940’s. This concept is defined in terms of a common
response or set of responses which the subject makes to disparate physical
stimuli. In this case the invariance is moved from the stimuli to the
subject’s behavior (and sometimes right out of sight). The simplest case
is mediation through “naming” or “labeling” responses. The parallel
simple process is secondary stimulus generalization.

The third kind of concept, and the one that I want to call to your at-
tention, is that based on systematic relations; a concept that has its
existence in a body of rules and that can be identified by testing pro-
cedures involving these rules in some fashion even though no simple
labels or common features can be identified. Examples abound, I believe,
for I think these are the most common of all concepts, but I must choose
from those with which I am best acquainted. A very complex concept
might be illustrated by the following:

S: The boy hit the ball
S: Elephants trumpet at midnight
Ss: of Soldiers the street down march

The first two stimuli exemplify a particular concept; the third does not.
The first two are English sentences; the third is not. Why this is so is
difficult to say, but that it is so is readily agreed. Any bypassing of the
problem by saying the concept is simply a function of the tendency to
label familiar sequences as English sentences can be refuted by “odd”
sentences that we all agree are sentences but have low probability values
(e.g., “The green cows on the cloud are eating pancakes”) and relatively
high probability sequences which are not (e.g., “. . . boy and girls are
always doing what you please is a word of . . .”). Nor is it fruitful to say
that the concept is the result of the common mediating response which
one makes to these stimuli, e.g., “That is a sentence in English,” since
we cannot explain how that response comes to be made to an infinite
variety of stimuli. The same argument holds for identification of parts
of speech, sentence types, intersentential relations, awareness of under-
lying linguistic structure, perception of speech sounds, etc.
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It must be clear that all three kinds of concepts are important (indeed,
they are distinct kinds only for purposes of pedagogy). The first two are
neither unnecessary or trivial though they could be subsumed under the
third kind. The first involves important orderings of the world and the
second mediates many kinds of thinking and problem solving. But the
time has come when we must seriously attend to the third kind of con-
cept, difficult though it may be for present psychological theories. This
kind of concept has precisely the same status as a construct in a scientific
theory. It need not be immediately available, nor directly observable but
may rest on an inferential base specified only by its systematic relation-
ships.

LINGUISTIC CONCEPTS AS DETERMINERS OF MEANINGFULNESS

The notion of a concept as being identified by a set of rules can lead
one to a rather interesting consequence. Although we must argue that
concepts do not have meaningfulness as it is usually defined, conceptual
systems may, nevertheless, play an important role in determining the
meaningfulness of stimuli. This can be illustrated by examples from
research on language.

The work that follows was performed in collaboration with Joseph H.
Greenberg, the distinguished anthropologist-linguist whose penetrating
insights into linguistic structure and indefatigable analytic zeal made
these studies possible. The research began in 1958-1959 when Greenberg
was concerned with the problem of the “virtual syllable.” This is an old
linguistic problem. When one has written the rules for syllable formation
in a particular language one is always confronted with the fact that not
all possible entries exist (or rather one usually does not know whether
they exist or not; one must say he has not yet found them). This is not
surprising to the psychologist but it is troublesome to the linguist since
he cannot be sure he has written his rules “tightly” enough, unless he
finds instances of everything that is possible. But this creates an inter-
esting psychological problem—given that two sequences of sound are not
English words, what meaning does it have to say that one of them
could be and the other one couldnt be? Or given two sequences, neither
of which could be English words, what does it mean to say that one of
them violates fewer rules and thus is more like English than the other?

In the psychological literature, Ebbinghaus (1913) struggled with
exactly the same problem (though he did not guess its linguistic founda-
tion) as he studied the nonsense syllables he had invented.

“. .. the homogeneity of the series of syllables falls considerably short
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of what might be expected of it. These series exhibit very important and
almost incomprehensible variation as to ease or difficulty with which
they are learned. It even appears from this point of view as if the
differences between sense and nonsense material were not nearly so
great as one would be inclined a priori to imagine” (Ebbinghaus, 1913,
p. 23).

Greenberg’s general hypothesis was that the variations in response to
“the probability of something being a word” as well as the variations of
meaningfulness of nonsense syllables were attributable to the degree to
which the novel stimuli accorded with or departed from the rule
structures of syllable and word formation in English.

In English, and probably in all languages, the sequences of phonemes
(elementary speech sounds) which may occur are subject to powerful
constraints. Let us suppose that we are playing a game, such as anagrams,
where we draw at random a sequence of English phonemes. If we draw
sets of six symbols and keep the order in which they are originally drawn,
the overwhelming majority will not be existent English sequences. As an
example, we might well draw a sequence such as gvsurs. This is, of
course, a nonexistent sequence in English. (It should be noted that this
sequence is not “impossible” in any universal sense. It is, in fact, a word in
Georgian.) Something further can be said, however, for in a certain
sense it is an “impossible” combination. Thus we would not be tempted
to look it up in a dictionary to discover whether it might be a rare word
that we just happened not to know. We would, further, feel safe in
predicting that no soap manufacturer would use it as a brand name for
his product.

Let us draw a second time, this time taking three phonemes. Suppose
that we draw dib in that order. Let us further suppose that we are
unacquainted with any word dib, just as was the case with gosurs. There
will be this difference, however; in the case of dib we would be quite
willing to look it up in the dictionary or assume its possible coinage as a
brand name or slang expression in the future. Indeed, The Oxford English
Dictionary does list a word dib meaning, among other things, a counter
used in playing at cards as a substitute for money.

Let us now draw a third time, taking three phonemes. On this occasion
we obtain the sounds that we would represent in spelling as lut or lutt.
Surely we would be willing to look this up and would half expect to
find it in a large dictionary. But even the unabridged Oxford dictionary
in this case gives no such word. It seems, then, that some things which
are not in English, such as luf, are more “possible” than others which are
not, such as gosurs.
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Linguists have established a set of rules regarding such possible
combinations. These are rules of patterning for the English syllable
which have been constructed on the basis of sequences found in existent
forms. Thus, gusurs would immediately be declared impossible, among
other considerations, because all existent English syllables that begin with
as many as three consonants (the upper limit) have an initial s, a medial
unvoiced stop (p, t, or k) and final liquid or semivowel (7, l, w, or y).
Thus another nonexistent sequence, such as strab, would not have been
ruled out by these considerations because it contains an initial consonant
sequence str- which conforms to this rule. In fact, strab obeys this and all
other rules for the patterning of English syllables, though it, like lut,
happens not to exist.

On the basis of the rule set we have a simple threefold division of
sequences we might draw. Every sound sequence will be “possible” if it
conforms to rules such as the above [which are to be found in Whorf
(1956)] or “impossible” if not. Among the “possible” ones some will be
found in a dictionary and some will not. Thus, we have (1) impossible
sequences, (2) possible but not actual sequences, and (3) actual se-
quences. These are illustrated by gosurs, strab, and struk (struck), re-
spectively.

But the situation is not merely one of such gross categorizations. Pursu-
ing the same general line of attack we can discover still finer divisions
which are reasonable. Going back to our game, let us suppose that we
now draw stwip. Here the first consonant group, stw, conforms to the
general rule for initial sequences described above; s, followed by unvoiced
stop (in this case ¢), followed by liquid or semivowel (in this case w);
yet in this instance we will in all probability not be tempted to look it up
in a dictionary. This is because stw does not occur as an initial sequence
in any English word whatsoever. It can, however, be educed by analogy
from skr: skw :: str : P, where skr, skw, and str all occur (e.g., in script,
square, and strap ). Here we evidently have a case which is, so to speak,
not quite so possible as strab but certainly more possible than gusurs.

As these examples suggest, we can go on to construct a scale of “distance
from English” depending on degree of conformity to permissible English
sequences of sound structure. At one extreme we have sequences actually
found in English and at the other those which we know deviate most
drastically, with impermissible sounds and orders. Greenberg did exactly
that, developing a 16-step scale by the systematic use of the common
linguistic procedure of sound substitution. The linguistic details of the
scale need not concern us here except to note that the scale was a rational
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one, developed from the logical base of the linguistic rules for syllable
construction in English.

Following the development of the scale, Greenberg generated instances
(i.e., particular monosyllables) at various points on the scale. We then
tested these instances for perceived psychological distance from English
as judged by native English speakers. The research, reported elsewhere
(Greenberg & Jenkins, 1964 ), is a dramatic demonstration of the mapping
of a psychological dimension (judged distance from English) by a logical-
rational dimension. For every additional linguistic step away from
English, the psychological distance increased by one unit as shown in
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Fig. 1. It turned out, in addition, that this correspondence between
psychological judgment and linguistic rationale was extraordinarily robust
in terms of the kinds of psychological measurement employed, magni-
tude estimation, or category rating scales

The results from the magnitude estimation experiments correlated
+ .94 with the linguistic scale whereas the results from the category
scale correlated -+ .95 with the linguistic scale. The two psychological
techniques correlated - .99.

We then went on in a separate experiment to evaluate the meaningful-
ness of the test stimuli. We presented the stimuli in the same fashion
as in the scaling experiment and allowed the subjects 15 seconds to write
down associates to each stimulus. The median number of associates per
syllable correlates with the magnitude estimation values — .84, with the
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rating scale values — .84, and with the linguistic scale itself —.75. In
this case, then, meaningfulness appears to be a derived value that re-
flects how well a stimulus fits into the linguistic—conceptual-logical net
which defines a syllable in English.

It should be noticed that this study reverses the usual psychological
pattern. Rather than determining meaningfulness in order to structure a
stimulus domain, it ordered a stimulus domain on extrapsychological
grounds and then observed the resulting meaningfulness. Similarly, this
study implies a change in emphasis in interpretation. Perhaps meaningful
stimuli are not related to a host of concepts because they have many
associates; the reverse may be true. Stimuli which are systematically
related to a host of concepts (i.e., which readily enter into the rule sets
which define concepts) have more associates as a consequence.

LINGUISTIC ANALYSIS OF NONSENSE SYLLABLES

But it may be argued that these experiments constitute special cases
in which only a few stimuli are generated and that there may be all sorts
of biases working in the generation and selection of instances which
predetermine the outcome of the experiments. A much more general case
is posed by the body of data existing on the set of all consonant-vowel-
consonant “syllables” collected by psychologists as part of the operation
of norming materials for learning experiments. These materials are, of
course, biased in other directions: orthography has been allowed to
determine what a vowel or a consonant is; not all combinations are
actually used (e.g., syllables which begin and end with the same con-
sonant are avoided and sometimes all real words are avoided); visual
presentations are employed; etc. Nevertheless, if one is willing to make
a set of simplifying assumptions, it is possible to arrange at least an ap-
proximate linguistic analysis of the data.

We began with the assumption that the subject applies normative rules
to the orthographic stimulus to attempt pronounciation. If he can pro-
nounce it, he checks it against his knowledge of English words. If it is an
English word, he checks the spelling to make sure that it is acceptable.
Thus when the subject sees KOT we assume that he attempts to pro-
nounce it and comes up with “k 0 " which he recognizes as an English
word (cot) but which he must also realize is incorrect orthographically.
When he sees COT we assume that he goes through the same operations
but that the orthography conforms to the norm and thus the combination
achieves a higher rating. Archer’s norms (1960) show that KOT is judged
meaningful by 86% whereas COT is judged meaningful by 100%. Pro-
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ceeding in this fashion, we can readily recognize a four-step scale such
as the following:

1. COT pronounceable, an English word, spelled correctly
2. KOT  pronounceable, an English word, spelled incorrectly
3. BOD  pronounceable, not a word

4. XYM not pronounceable

This almost seems to be what Archer had in mind when he instructed
his subjects: “Is this a word? Does it sound like a word? Does it remind
me of a word?”

This scale can be expanded by introducing an additional distinction for
words that are analogically pronounceable (e.g., SAF can be pronounced
but it has no strict parallel in written English since there are no CVCs
which end in F). A five-step scale built on this simple model showed

TABLE I
RELATION BETWEEN THE FIVE-STEP SCALE AND ARCHER'S NORMS FOR
AssocIATION VALUE oF CV(Cs

Mean association values for linguistic scale classes

Linguistic scale Example Mean Archer value

Real English words CAT 96.05

Pronounceable as words KOT 72.19

Pronounceable but not words BOD 50.22

Only analogically pronounceable SAF 38.68

Unpronounceable XYM 23.48

Mean linguistic scale values for association scale classes
Archer deciles Mean linguistic scale value

1-10 4.63
11-20 4.27
21-30 4.00
31-40 3.82
41-50 3.46
51-60 3.10
61-70 2.87
71-80 2.62
81-90 2.31
91-100 1.81

very convincing orderliness over the Archer data as Table I shows. Each
linguistic class differs by a large amount in rated meaningfulness from
the next and each decile of the Archer norms is distinct from the next
in terms of mean linguistic scale value. There are no reversals in either
set of means,
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Encouraged by these findings we went on to split apart the variables
of pronunciability and identification with a meaningful word as being of
particular interest. Pronunciability was developed as a substitution scale
directly analogous to the scale described earlier. In essence it asked how
the CVC had to be treated to make it pronounceable. Meaning was then
treated by taking the closest target word in English and asking what one
had to do to the orthography to achieve a match with the CVC. These
procedures depended on the development of explicit pronunciation rules
for CVCs; a standard for what counted as a word in English, and a
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Fic. 2. Relation between ease of pronunciability and Archer association values.

scoring procedure to bridge the correspondence between the CVC with
which one started and the specified English word. Although some of the
decisions that were made were arbitrary, particularly with respect to
the weights given to spelling changes, the rules have been made clear
and detailed and are completely objective (see Greenberg & Jenkins,
forthcoming). The final product was two scales: one, ranging in value from
1 to 8, specified the pronunciability of the CVC, the second, ranging
from 0 to 9, evaluated the amount of change that was required to move
from the CVC to the English orthography of the phonemically closest
English word.

Figure 2 shows the mean Archer value for each value of the first vari-
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able, and Fig. 3 shows the mean Archer value for each value of the second
variable. Taken together in a multiple regression equation, the two vari-
ables correlate 4 .857 with the Archer values of each CVC. When cor-
related against Nobel's m’ values (independent ratings of association for
the nonsense syllables; 1961), the relation is virtually the same, 4 .824.

When one considers that our systematic procedures allow us no judg-
ment about English words that are “known” versus those that are “un-
known” by the subject and that we have taken no advantage of our
knowledge of other sources of meaningfulness of these materials (XYZ
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Fic. 3. Relation between spelling change required and Archer association value.

is an outstanding example ), it seems fair to claim an outstanding degree
of success for a systematic linguistic approach to the meaningfulness of
nonsense syllables.

Perhaps it is time to return to the main purpose of the paper, the re-
lation between meaningfulness and concepts. The findings just reported
can be used to support the notion that stimuli achieve meaningfulness
through their relationship to powerful general conceptual systems which
bestow meanings or provide routes to meanings for these previously un-
experienced assemblies of elements.

The language case is a particularly fascinating one because at least part
of the linguistic rules are known. Knowing the conceptual scheme suggests
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ways one can analyze performance on related materials and affords some
insights as to the operation of the subject when he is called on to respond
to or judge new material. In this important sense, studies of conceptual
schemes may lead to better descriptions of behavior and more under-
standing of the nature of tasks than any particularistic exploration of
the surface nature of the stimulus or the response. In the specific case
of nonsense syllables, psychologists usually ask whether a complete ac-
count of association value could not be accomplished by an analysis of
the letter frequencies involved, the subject’s reading habits, etc. From
our experience in the analysis of letter frequency data, it appears to us
that this kind of approach is ineffective when taken by itself. Raw letter
frequencies are of little predictive value in appraising nonsense syllable
meaningfulness. They improve only as one tempers them with explicitly
linguistic considerations, i.e., frequency counts become more closely re-
lated to judgments of meaningfulness as one counts frequency of a letter
in syllable initial position, syllable final position, in conjunction with this
particular vowel, etc. As a supplement to linguistic analysis it appears
that frequency has some value (as, for example, in selecting words which
are known as opposed to words which are unknown) but what it is that
one is to count is a question that must be determined by systematic con-
cerns related to conceptual systems; it does not emerge in any automatic
fashion from the frequency notion itself.

SUMMARY

This paper began by denying that meaningfulness was a property of
concepts and ended by asserting that the meaningfulness of stimuli might
be determined by the rules of the conceptual frameworks in which they
could be imbedded. In between it was argued that some, if not most,
concepts are not to be found in stimuli or even in responses but rather
in sets of systematic relations or bodies of rules. An especially clear case
involving the rules of language having to do with the formation of syl-
lables in English was chosen for elaboration. Experiments were discussed
in which the set of rules provided a metric on which a psychological
distance metric was found to depend. Further, the linguistic scale pre-
dicted meaningfulness of the stimuli concocted to test the theory. The
more general case of accounting for the meaningfulness of CVC nonsense
syllables was briefly treated and shown to be amenable to the same kind
of analysis. The final thought was that meaningfulness of stimuli might
be accounted for in terms of concepts but that concepts were not to be
found in any simple way in the raw elements of the stimuli or responses.
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CHAPTER 6

THE LEARNING OF PRINCIPLES

ROBERT M. GAGNE

UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA

It would surely be agreed by all investigators of learning processes
that “conceptual learning,” as opposed to other, presumably simpler,
forms of learning, constitutes by far the major portion of the learning as-
sociated with what is supposed to go on in schools. Most of us have, in
fact, fallen into the habit of using the word conceptual in a pretty broad
sense to refer to the kind of behavioral change that is often verbal in
its expression, but actually is a change in the symbolic or representational
capabilities of the human learner. Thus, we tend not to think of
acquiring capability to tie a shoelace or print a letter as conceptual. How-
ever, we do think of the performance of answering the following ques-
tion as conceptual: “What must I do if my shoelace comes untied?” Bart-
lett (1958), however, reminds us that these two categories may not be
so entirely different as we sometimes like to think.

Beyond these specific classes of human activity, we are also used to
referring to the content of school subjects as conceptual, without neces-
sarily considering the nature of behavioral change that may be involved.
Thus, we often refer to the body of knowledge called physics as “the
concepts of physics,” or the body of knowledge called genetics as “the con-
cepts of genetics.” If forced to say what we mean by the concepts of physics,
we are inclined to reply by naming such things as mass, energy, work,
gravitation, and atom. In the case of genetics, the entities named might
be genes, chromosomes, DNA, RNA, and perhaps many others. We speak
of students learning the concepts of physics and the concepts of genetics,
and by so doing we surely mean to imply that what is learned is con-
ceptual.

When concept and conceptual are used in these ways, it seems to me

81
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very important to recognize that they are being employed in a most gen-
eral, rough, and imprecise manner. There is nothing wrong with this,
because such imprecision is often required for communication in the
English language. Conceptual in this sense refers to the general class
of human activities that we infer to require internally stored symbolic
or representational processes (cf. Hunter, 1924), as opposed to those
that seem to require routine or habitual processes.

The requirements of ordinary everyday communication, however, are
by no means the same as the requirements of scientific inquiry. In con-
versation, we may be satisfied to speak of the particles of matter; but
a physicist would demand to know how such particles were defined,
whether there were different varieties, and what observations were re-
quired in studying them. Similarly, the investigator who approaches con-
cepts scientifically is bound to want to know what operations define
them and whether one kind can be distinguished from another.

Eventually, I intend to talk about principles. The reason I lead up to
it in this fashion, though, is this: If I am speaking conversationally, I
have absolutely no objection to talking about the concepts of physics or
the concepts of meteorology, or any other subject. I would not even
insist that one speak of the principles of physics or the principles of
meteorology, since the word principle in this conversational sense might
be more restrictive in meaning. In contrast, though, if you invite me to
study conceptual kinds of learning as a scientific investigator, the first
thing that is apparent—strikingly so—is that there are several different
kinds of things which may be referred to as concepts. And operating
with this point of view, I should insist that insofar as they can be given
precise scientific meaning, a concept and a principle are very different
things indeed.

I am not at all confident that I could distinguish all of the behavioral
entities that might be called by the name concept. Some of them, at least,
have been discussed in previous papers. But in order to proceed with the
job of saying more about principles, I shall first need to distinguish these,
at least, from concepts in their scientific meaning,

THE SCIENTIFIC MEANING OF CONCEPT

Despite differences in the language used to describe a concept, there
is considerable agreement among research psychologists as to what this
word means. Let me give some examples.

Berlyne (1965) believed that a concept is formed when overt behavior
comes to depend on certain properties of a stimulus pattern while dis-
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regarding other properties. “It means forming what logicians and mathe-
maticians call an ‘equivalence class’ of stimulus situatio