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LEARNING AND
INDIVIDUAL DIFFERENCES :
INTRODUCTION 10
[ HE CONFERENCE

ROBERT M. GAGNE

University of California, Berkeley

The question of how people difter in the rate, extent, style, and
quality of their learning is one which has concerned psychologists for
a great many years. The history ot investigation of this question is not
characterized by smooth or continuous development. Instead, there
have tended to be periods of activity followed by rather lengthy periods
of inactivity. It appears that for many years the tradition of intelligence
testing seems to have cast an obscuring shadow over the whole enter-
prise. Important practical results have indeed been achieved by meas-
uring intelligence, which by arbitrary definition can be named “learn-
ing ability.” But it is questionable whether the good effects of these
practical outcomes balance the obstacles to clear thinking resulting
from a passive acceptance of this unsupported and unanalyzed defini-
tion. At the present time it seems fair to say that we know considerably
more about learning, its varieties and conditions, than we did ten years
ago. But we do not know much more about individual difterences in
learning than we did thirty years ago.

It is true that there have been a tew people working to bring some
measure of clarification to this field which remains unpopular up to the
present day (see Glaser, Chapter 1). There have been persevering
attempts to make increasingly detailed analyses of the dependent vari-
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X11 Introduction to the Conference

ables in learning, and to relate these to a broader domain of human
abilities. There have also been contributions designed to refine the
methods of measurement of such variables as learning rate. Despite
these eftorts, we are still in the position of not being able to make
definitive statements about differences in human learning abilities.

The Conference and Its Purpose

+In the attempt to shed new light in this important research area, a
conference was convened on April 9 and 10, 1965, at the Learning
Research and Development Center, University of Pittsburgh—one of
the national centers established by the U.S. Office of Education. The
conterence was supported by funds made available under a contract
with the Office of Naval Research, Personnel and Training Branch.
Its intent was to make still another try at defining the basic problem
ot individual difterences in learning, and to delineate the assumptions
and boundaries associated with research on this problem. In broad
terms, the question posed to the participants was: In what sorts of ways
may people be expected to difter in their learning, and how might
these ways be measured as individual differences? The various an-

swers to this question, and the discussion of them, constitute the chap-
ters ot this book.

Composition of the Conference

It will be apparent that we sought investigators with particular kinds
ot interests as contributors to the conterence and to this volume. Pri-
marily, we wanted people who had been studying various kinds of
learning conditions and learning processes, and we hoped to encourage
them to think about their work in terms of individual differences. Some
of them, we tound, had not systematically considered individual
differences in relation to their studies of learning, but were willing to
do so, and were, perhaps, intrigued by the idea. Others had already
done some thinking along these lines, and welcomed an opportunity to
express their views. Accordingly, we were able to gather together a
group ot people who had been conducting experimental studies ot
learning in one or another of its varieties, and who were interested in

formulating and discussing the implications of their work ftor indi-
vidual difterences in learning.



Introduction to the Conference X111

Achievements of the Conference

The fact that we sought primarily investigators ot learning tor this
conference should not be taken to imply that we considered this the
only possible approach to a consideration of the basic problem. Very
simply, it was thought to be an approach worth trying. In addition, it
seemed to us that it had been some time since students of learning had
been heard from on the subject of individual differences. The chances
appeared good that modern views of learning as a process would gen-
erate some new hypotheses about the nature of individual difterences
in learning, their relative importance and ways of measuring them.

Several kinds of outcomes were hoped for at the time the conter-
ence was planned, and may be fairly said to have been achieved in
some considerable measure. As reflected in the subsequent chapters
of this volume, they may be summarized as follows:

1. New interpretations of previously known relationships between
individual differences and learning variables.

2. New formulations of the basic problem of individual differences
in learning, including the suggestion of new distinctions and
the identification of subproblems. '

‘3. Suggested new methodologies for investigating the problem:.

4. Suggested new varieties of individual differences in learning.

Summary of Contents

The papers and discussions of the conference proceed trom general
considerations of the problem, with historical overtones, to more spe-
cific descriptions of the implications generated by findings in particular
fields of learning research. Each chapter contains a major paper im-
mediately followed by the discussant’s comments, with the exception
of Chapters 8 and 11. The volume as a whole may be said to provide
a survey of views on the problem of individual difterences in learning
from an important segment of the psychological research community.

In an opening presentation (Chapter 1); Glaser traces the historical
roots of some of the major issues in the investigation ot individual

differences related to learning. In his discussion of Glaser’s paper,
« Travers points out some of the difficulties that have been instrumental

in preventing the development of a common viewpoint by investigators
of learning and by psychometric scholars. *Cronbach, in Chapter 2,
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describes a number of alternative patterns of instruction in the schools,
and the different implications for individual differences which arise
tfrom them. Carroll discusses these ideas in the light of the problem of
matching instructional methods to individual differences.

From a consideration of studies of verbal learning, Jenkins, in Chap-
ter 3, stresses the relevance of those experimental variables known to
affect the course of learning to the problem of identifying individual
difterences.” Fleishman’s discussion of Jenkins® paper includes the par-
ticular point that individual differences measures must possess both
stability and generality across learning tasks. Chapter 4, by Anderson,
presents an anlysis and evaluation of evidence relating individual dif-
terences to problem solving, and its implications for future directions
of research. In his discussion of this paper, Duncan emphasizes the
need to conduct studies which introduce systematic variations in task
variables, and which search for interactions of such variables with
individual differences.

A review of evidence on individual differences related to attention
is presented by Maltzman, in the light of his own and Russian investi-
gators’ studies of the orienting reflex, in Chapter 5, Wickens’ dis-
cussion of Maltzman’s paper suggests some limitations to the orienting
reflex as a substitute for the concept of attention.

Chapter 6 contains a broadly-oriented discussion by Jensen of the
varieties of sources of individual differences variables, considered in
terms of a three-dimensional schema representing learning types, pro-
cedures, and contents. Jensen recommends focusing attention on one
narrow class of variables while holding others constant, as a promising
research strategy.-Cofer’s discussion of this paper injects a caution
concerning the probable generality of individual differences among a
variety of learning tasks.

In Chapter 7, Glanzer describes some criteria for R-R theory, de-
rived from a consideration of his own and other studies relating indi-
vidual differences to the learning of perceptual tasks. Fitts’ comments
on this presentation give emphasis to the importance of process vari-
ables in illuminating perceptual performances, as well as their relation
to human differences. Fleishman, in Chapter 8, reviews a body of
evidence from studies which he and others have carried out on indi-
vidual abilities related to the learning of motor skills.

Chapter 9, by Zeaman and House, presents a systematic review of
findings relating measures of intelligence to learning by contrasting the
performances of normals and mental retardates. Wischner discusses

this paper with particular reference to the authors’ theory that atten-
tion is a primary determiner of learning diffterences. In Chapter 10,
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Kjeldergaard considers the desirable characteristics of computer models
of human learning and thinking, and includes evidence trom a recent
study comparing the performances of humans and a computer pro-
gram in a word-association task. Gregg’s comments on this paper em-
phasize the idea that a computer simulation model, although repre-
senting a single individual, nevertheless takes potential sources of
individual differences into account.

.Chapter 11, by Melton, presents a broadly based interpretation of
some of the major issues and implications of the conterence presen-
tations.
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SOME IMPLICATIONS OF
PREVIOUS WORK ON
- LEARNING AND INDIVIDUAL
DIFFERENCES

ROBERT GLASER
University of Pittsburgh

It is well documented that the German and English traditions of
the nineteenth century gave rise to two apparently separate disciplines
of scientific psychology represented by the correlationist psychometri-
cians and the experimentalist “psychonomes.” This history can be
traced from the Titchener-Baldwin controversy in the 1890’s, through
to Cronbach’s (1957) presidential address on “The Two Disciplines of
Scientific Psychology.” Rather than pointing to this general condition,
my concern here is with a review of what psychologists interested in
learning have done when the spectre of individual difterences has
visited them. I have been selective but not intentionally distorting,
although there are some omissions in the interest ot brevity. On the
whole, the amount of work is meager. While major learning theorists
have indicated their concern with individual differences, this concern,
for the most part, has never risen above the threshold of serious action.

1 Work on this paper was assisted by the literature search and suggestions of
Miriam Cohen of the University of Pittsburgh.

I



2 Some Implications of Previous Work

Early Studies

I start this review with Stella Sharp (1898), a student in Titchener’s
laboratory at Cornell. Her article on individual psychology expressed
a concern of the experimentalist about the generality of behavioral
laws. She stated the law of memory as follows: “The time necessary to
fix impressions in memory increases at first proportionally to the num-
ber of impressions; but, after a certain limit, the ‘time of acquisition’
Increases more rapidly than the number of impressions.” She went on
to say, “This law of memory is common to all; no one can escape it;
but the law does not say that the limit, beyond which the time neces-
sary to retain the impressions is no longer proportional to the number
of impressions, is fixed and common for all. This limit is a variable
property of memory, and here Individual Psychology comes in and
Investigates the subject in its different aspects; it enquires in what
measure this limit varies in different individuals, and whether it re-
mains constant in one individual for different kinds of impressions”
(p. 331).

We move on to the period of the nature-nurture controversy, during
which time studies in individual differences in learning tried to re-
solve the question of the relative importance of heredity and environ-
ment in producing individual differences. E. L. Thorndike started a
line of reasoning in his Educational Psychology (1914), when he
pointed to experiments which showed that equal learning opportunity,
that is, equalizing practige, seems to increase differences. He wrote
that, “So far as they go, . . . experiments in practice have given no
support to the common assumption that differences in external con-
ditions are responsible for the bulk of the variations found among men
of the same race and general social status” (p. 307). The methodology he
tostered for some years runs as follows: The experimental condition
is that equal amounts of practice are given to members of a group
in a behavior in which they are already partly practiced and in which
they display individual differences. The reasoning goes that if indi-
vidual differences in the behavior are increased with respect to initial
differences by the equal amount of practice, then it is concluded that
individual differences are due less to previous conditions of practice
than to native capacities for learning through practice. If, on the
other hand, differences decrease, the results are inconclusive because
there may have been differences in native capacity which practice
gradually reduced; or there may have been differences in previous

amounts of practice; or there may have been differences in the capac-
ity for rapid learning in early stages which diminished in later stages.
Kincaid (1925) reviewed studies on the effects of practice and indi-
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vidual differences and concluded that experimental investigations
yield varying answers to the question of whether individual differences
increase or decrease as a result of the addition of equal amounts ot
practice. The preponderance of evidence led to the conclusion that
individual differences decrease with practice, thus leaving things in-
conclusive. Kincaid found little explanation for the disagreement in
experimental data in such factors as task or length ot practice. An
obvious problem for Kincaid was that investigators failed to provide
good data on original scores, a point I shall return to later.

This kind of experiment persisted, and a study with such rea-
soning was reported by Harter (1934) in which individuals were
classified on a digit-symbol code test (considered a test of associative
capacity) and then given practice. Practice established large individual
differences, and it was concluded that individual differences in asso-
ciative capacity are not due to learning, but rather to difterences in
speed of neural tunctioning.

Woodrow (1938) pointed out that the divergence or convergence ot
individual differences with practice depends upon the shape ot the
learning curve and the position of individuals on it as a result of their
prior task-relevant experience. In addition, he indicated that changes
in individual differences as a result of practice might also be a tunc-
tion of the fact that the way in which a task is performed changes in
the course of practice. Woodrow referred to the results of a tactor-
analysis study showing that final scores are dependent on a difterent
pattern of abilities than initial scores (shades of the Fleishman studies
to come).

A chapter by Tryon (1942) on individual difterences appeared in the
second edition of Mosss Comparative Psychology. In this chapter,
studies were presented on the stability of individual difterences in
animals, on the relation between behavior difterences and physiologi-
cal differences, on heredity vs. environment, and on intra-individual
differences. With the exception of the selective in-breeding studies,
this chapter is reminiscent of genetics in its early years, when it was
primarily the study of the distribution of individual differences and

less the study of the experimental variation of conditions which in-
Hluence gene trequencies.

Correlations of Learning Variables and
Psychometric Measures

We come now to a new trend seemingly begun by the classic article
by Woodrow (1946) pointing out the lack of relationship between
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general “ability” measures, such as intelligence, and learning variables.
“Ability” measures are operationally defined in terms of task accom-
plishments; for example, the ability to add numbers correctly, to solve
puzzles, or to improve with practice in some specified performance.
Learning ability is defined as a change measured simply by the dif-
terence obtained by subtracting initial from final scores, the assumption
being that these are valid measures of improvement. These scores con-
sist of such measures as amount done in a given time, time required for
a unit amount, errors, and also learning rate calculated from a curve
fitted to obtained data.

Woodrow’s findings were that data from laboratory and classroom
experiments contradict the assumption that the ability to learn, in the
sense of ability to improve with practice, is identical with intelligence.
Correlations between intelligence and gain were generally insignifi-
cantly positive and often close to zero. Analyses of gains in a wide
variety ot performances showed no general factor, but rather factors
involving limited groups of performance. These group factors were
not measures of learning, that is, difference measures where two tests
are given, but rather were one-test performances of Thurstone-type
tasks such as memory, visual-spatial ability, speed, and perceptual
ability. There is abundant evidence of the importance of specific fac-
tors uncorrelated with the group factors and uncorrelated with each
other.

Woodrow interpreted his results by assuming that a score at any
stage of practice consists of a general factor, G, and specific factors.
He tfurther pointed out that experiments show that specific factors
change with practice. As a result, there can be a high and undiminish-
ing correlation between the general factor and scores at all stages of
practice, and it is also possible for the correlation between G and gain
to be negligible when gain is the result of a high degree of specificity:
this specificity results from task characteristics and individual differ-
ences in pertorming these tasks.

The line of work generated by Woodrow is reflected today in the
psychometric, correlationally-oriented studies carried out as a result
of Gulliksen’s active interest in the problem. This is exemplified by the
work of his students, such as Stake (1961) and Duncanson (1964).
Stake's thesis was designed to investigate individual differences in
certain learning tasks with reference to various aptitude and achieve-
ment tests. With 240 children, Stake used 12 learning tasks including
such things as word matching, maze learning, memory for words,

listening comprehension, picture matching, and number-pattern mem-
ory. A battery of reterence tests was given, such as the Primary Mental
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Abilities Test, the Otis Intelligence Test, and the Stanford Achieve-
ment Test. Data for performance on each of the learning tasks were
fit by the Thurstone hyperbolic learning curve, and three parameters
were obtained: an asymptotic or total-errors parameter, a curvature or
learning-ability parameter, and a goodness of fit or regularity of per-
formance parameter. These parameters, the reference measures, and
school grades were intercorrelated and factor analyzed. The data
showed that the curvature and asymptote parameters correlated with
aptitude and achievement, supporting the notion that intelligence can
be defined as ability to learn. Factor analysis showed essentially tour
learning factors: two memory-task factors, a numerical-task learning
factor, and a concentration factor. The results were interpreted to
mean that no general learning ability is found other than the general
aptitude measured by intelligence tests, and that the various tfactors
obtained indicate that learning ability can be specific to a particular
type of task. Interestingly enough, verbal vs. non-verbal tasks did not
define separate factors, nor did rote vs. relational tasks. The use ot
learning-curve parameters in this study probably came from Gulliksen's
(1942) early work at the University of Chicago. He found that learning-
curve parameters are more sensitive to experimental conditions than
the usual measures of errors, time, and number of trials to reach cri-
terion. Gulliksen’s use of curve parameters difters tfrom Hull's notion,
which I will come to shortly, of equating curve constants with indi-
vidual difterences.

The study by Duncanson (1964) used a smaller variety of tasks more
systematically specified to obtain a picture of task interrelationships.
Tasks of three types were employed: concept tformation, paired asso-
ciates, and rote memory. Each task employed three difterent types of
material: verbal, numerical, and figural. Reference variables were
Kuhlman-Anderson 1Q, Stanford Achievement Battery, and tests from
a kit of reference tests for cognitive factors (French, Ekstrom, and
Price, 1963). Learning measures were obtained trom learning curves,
using Tucker’s factor-analytic method employing reterence curve
weights to describe each person’s learning performance. Duncanson’s
findings were the following: (1) With the important exception of the
concept-formation tasks employed, learning is related to 1Q, scholastic
achievement, and the reference tests. (2) Learning factors, that is, a

concept-formation factor and verbal and non-verbal learning tactors,
are independent of ability factors. There are two possible reasons tor
this: these tactors represent abilities not included in the reterence tests,
and there is a difference between measures ot learning and abilities
measured in a static testing situation. (3) A third finding is that, again,
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some learning is related to other learning, and there are some sharp
distinctions between some types of tasks.

This line of work from Woodrow through Gulliksen defines a pres-
ent, active attempt by correlational psychologists to handle learning
and individual differences. It is difficult for me to say where this kind
of endeavor will lead, although I will have some comment later on.

Measuring Behavioral Change

I turn now to a related development primarily coming out of the
correlational camp and also featured prominently in Woodrow’s arti-
cle; this is the measurement of behavioral change. Recent work (Lord,
1958; Manning and DuBois, 1962) shows that the use of raw change
or crude gain, such as Woodrow used, results in spurious correlations
between a measure of learning and some outside variable. Individual
differences in proficiency at the beginning of practice must be taken
into account. This can be done by calculating a residual gain which is
final status less the portion predictable from initial status. The reason-
ing here is that when the learner enters with different degrees of knowl-
edge, partial correlation is the appropriate tool, since differences in
measured knowledge consist of two parts: that predictable from knowl-
edge at some earlier point and that unpredicted from the earlier meas-
ure. This latter residual is to be correlated with outside predictors of
learning.

The problems of measuring change as seen by psychologists con-
cerned with measurement are discussed in the recent book edited by
Harris (1963). Here there are some interesting leads, several of which
can be merely mentioned. Bereiter (1963) raised the problem that high
reliability of change scores usually requires low test-retest correlations.
This implies that a test may not measure the same thing before and
after learning. It is likely that the test-retest problem is spurious be-
cause change, in learning, often involves the acquisition of behavior
different from that involved in the initial starting state. Also of interest
are Holtzman’s (1963) remarks on the need for statistical models appro-
priate for the single case; he focused on time-series analysis. Using
time as the major ordering dimension, other concurrent variables were
taken into account. The models he suggested are not unrelated to
stochastic learning models, where repeated measures through time are
obtained on a single individual. An interesting implication of this is
that analysis of patterns and a course of action, rather than discrete
responses, is a possible way for analyzing behavior that might help to
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produce stability of measures obtained from the individual organism.

Also related to the Woodrow trend is the work of Fleishman (sum-
marized in Fleishman, 1965) on ability factors in the course ot percep-
tual-motor skill learning. As an illustration of this approach with re-
spect to individual differences, in one of his series of studies Fleishman
(1955) stratified a group of subjects into ability levels based on scores
achieved on selected tests, and then plotted the pertormance curves
of the sub-groups over practice. When the group was stratified on the
basis of scores on a test of verbal fluency, the sub-group learning curves
tended to converge through practice. In contrast, when stratified on
measures of reaction time and speed of arm movement, the curves
tended to diverge as practice continued. The interpretation to be made
is that individual differences at later stages of learning this task depend
on abilities different from those at early stages of learning. This finding
by Fleishman further underscores the importance of experimental work
on behavioral change which studies the influence of task variables, par-
ticularly as they change in the course of learning.

Effects of Individual Differences on Learning Functions

To turn now to another approach, the Psychological Review article
by Hull (1945) on the place of innate individual and species difterences
in a natural science theory of behavior is a landmark in the history ot
concern with the individual differences problem in learning. Hull's
thesis was that the study of behavior has two tasks: the first is deriving
the primary laws as displayed by the model or average organism under
given conditions; the second is the problem of innate behavioral dit-
ferences under identical conditions. Most neglected, said Hull, is the
relationship between the two approaches. Hull was primarily con-
cerned with individual differences that are innate and constitutional;
he acknowledged environmental and historical sources of individual
differences, but they were not his main concern. His approach, how-
ever, was applicable to both sources. As is known, he adopted the
point of view of the natural sciences, of physics in particular. A scien-
tific law is expressed in terms of an equation of a particular form, and
the empirical constants in the equation are determined by observed
conditions so that they vary with individual events but do not change
the general form of the law. Hull's notion was that individual difter-
ences find expression in these empirical constants. He gave as an ex-
ample an equation for the difference limen ot an organism, containing
constants that imply individual difterences reterring to his theoretical
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constructs such as excitatory potential, generalization gradients, and
oscillatory variation.

A keen illustrative study following this approach was published ten
years later by Zeaman and Kaufman (1955). Their problem was to iden-
tity given empirical individual differences with a theoretical source
expressed as an equation parameter. In a perceptual-motor task of
quickly writing letters of the alphabet upside down and backwards,
wide individual differences appeared. The assumption was made that
the number of letters printed per trial best corresponded to amplitude
as the appropriate performance measure to employ as a dependent
variable; an equation was written which included constants for reac-
tion potential, oscillatory potential, inhibition, etc. Different curves
were then generated considering the effect of equating individual dif-
terences with different theoretical parameters; the theoretical expecta-
tions were worked out in terms of what would happen to starting dif-
terences during practice if they were accounted for by the different
parameters. The empirical curves obtained represent what would hap-
pen it the source of individual differences resulted from conditioned
inhibition. Massed and spaced practice conditions which influence gen-
eralized conditioned inhibition were experimented with to support this
Interpretation, the dependent variable being the preservation and loss
of starting differences of groups of individuals under massed and
spaced practice. The experimental technique employed was to select
different sub-groups on the basis of starting scores, vary the number
and kind of practice trials, observe the relative changes in mean score
of these groups during the course of practice, and compare these
changes with those that would be produced by individual differences
in the theoretical variables. The hypothesis tested is that differences
on the first trial scores reflect differences related to the theoretical
variables which will influence learning. Findings of other studies on
psychomotor performance (Reynolds and Adams, 1954) and verbal
learning (Noble, Noble, and Alcock, 1958) generally concur with Hull’s
notion that individual differences affect the constants of a functional
relationship rather than its form.

The approach just described is similar to the approach taken by
Spence (1956; 1960) in his work on eyelid conditioning employing the
Manifest Anxiety or A-Scale. The reasoning begins with Hull’s basic
assumption that E = H X D, that is, the excitatory potential which de-
termines response strength is a multiplicative function of the learning
tactor, H, and the generalized drive factor, D. This drive level, D, is

equated with a persisting response in the organism, aroused by the
aversive stimulation of an acquired emotional drive. It is further as-
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sumed that individuals differ characteristically in the magnitude ot this
persisting emotional response to noxious stimulation. If individual dif-
ferences in emotional responsiveness could be assessed, the multiplica-
tive schema would lead to the prediction that highly emotional sub-
jects would exhibit a higher level of performance under aversive forms
of conditioning than less emotional subjects. The A-scale was devel-
oped for this purpose, i.e., to extend the notion of D, as a function of
the strength of the emotional response ot an organism to noxious stim-
ulation, to an individual difference variable. The work reported in this
section represents a large part of the amount of the attention paid by
major learning theories to individual difterences.

Relation of Individual Learning Measures to
Group Measures

Another active area expressing the general concern about individual
differences has been study of the relationship between individual and
group curves. The literature on this topic usually begins by citing the
article by Merrell (1931) in Human Biology on the relationship of
individual growth to average growth. After examining data, Merrell
wrote the following (p. 68):

The average of a series of individual growth curves may diffter in
certain fundamental characteristics from the separate curves. There-
fore when observations on any biological form are taken on difterent
individuals of varying ages and the description ot growth is given in
terms of the averages of these observations, the form of the growth
of these averages cannot be assumed to be characteristic of the
growth of the individual organism. The curves may difter as to the

number of major cycles in their growth and as to the degree of
skewness. .

The extent of these differences depends upon the variability ot the
individuals.

The Vincent curve (Hilgard, 1938) was an early procedure proposed
for averaging individual curves that took into account difterential rates
of learning, its only use being to reveal the form of the learning tunc-
tion when individual curves do not differ in form. Sidman (1952)
pointed out that, for individual curves that are the exponential growth
functions predominantly used in learning theory, it individual difter-
ences occur in asymptotes and in the rate of approach to asymptotes,
the average curve cannot be described by this kind of equation.
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About the same time, Hayes (1953) suggested the backward curve
in which individual curves are displayed horizontally so that their final
points coincide before an average curve is computed. Such a curve in-
dicates the course of learning only in the immediate region of the
criterion.

Estes (1956) reviewed the problem of inference about the learning of
a single organism from curves based on group data. His principal point
was that valid treatment of average curves depends upon the familiar
procedures of statistical inference. The defensible case for the average
curve is the testing of hypotheses about individual functions; a require-
ment for this is to recognize the effects of averaging, so that unwar-
ranted inferences are not drawn from the mean curves. Given a speci-
fied theoretical assumption about the form of an individual curve, the
characteristics of the average curve can be deduced and these deduc-
tions tested against obtained data. The testing of quantitative theories
against average data is usually concerned either with the form of the
tunctional relationship or with parameter values for the population of
organisms sampled. With this in mind, Estes proceeded to classify
tunctions into three classes: (1) Those unmodified by averaging. In
such cases the mean curve for the group has the form of the individual
tunctions, and the parameters of the mean curve are simply the means
of a corresponding individual parameter. (2) Functions for which aver-
aging complicates the interpretation of parameters but leaves the form
unchanged. (3) Functions modified in form by averaging. The most
tamiliar example in this third case is the “exponential growth” curve
encountered in many learning theories.

The procedure suggested by Estes in handling the individual-average
curve problem is to state the hypothesis under test for the individual
curve and then to derive the properties that should hold for the aver-
age curve it the hypothesis is correct. In an early article on statistical
learning theory, Estes and Burke (1953) presented an equation repre-
senting the predicted course of conditioning for a single organism and
then derived the curve showing the mean course of conditioning for a
group of organisms with like @ parameters but varying in initial re-
sponse probability.

Tucker (1958; 1960) pointed out, as Estes also recognized, that con-
tormity of observed and predicted average curves is only partial con-
firmation of the theoretical individual curves, since the same average
curve can be obtained from a variety of basic functions; thus, con-
tormity of observed and predicted average curves indicates only that

the investigator has selected one of a variety of possible basic functions
tor his theoretical curve. Tucker proposed that factor analysis can be
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used for the determination of a family of learning curves underlying
obtained individual learning curves. The questions asked in analyzing
the data in a particular learning study are, how many reterence learn-
ing curves are needed to account for the observed performances, and
what are the torms of the reterence curves.

Another approach to this problem is to develop techniques which
will produce lawful individual functions and to present the data with-
out averaging. This essentially was the procedure adopted by Skinner
and described in detail by Sidman (1960) in his book on the tactics ot
scientific research. A fundamental proposition of this position is similar
to Hull’s, i.e., variation among individuals derives from difterences in
the parameters of the functional relations between behavior and its
controlling conditions. The argument is that it attention is paid to the
variables that produce the spread about the mean values ot experi-
mental groups and these variables are introduced into the expression
of the lawful relation being investigated in the experiment, then the
experimental data obtained provide much more information and per-
mit more generality. Another side of the Skinner story is the attempt
to display the uniformity of results over the wide range ot diverse
species. It seems that the unitormities displayed must be primitive or
pure laws indeed and require the necessary parameters involving in-
dividual and species differences. Toward the end ot this chapter, a
resolution of the individual-group curve problem is suggested by the
use of limiting parameters in generally applicable laws ot learning.

Initial State Measures Related to
Individual Differences in Learning

In working with individual data, Skinner emphasized the notion ot
a behavioral baseline. The manipulation and control of individual be-
havior requires a stable measure ot the behavior ot the organism prior
to experimental manipulation. With such a measure, behavioral transi-
tions that occur in learning can be studied with precision. These be-
havioral baselines are individual difference phenomena resulting from
prior organism history. Much of the prevalent experimentation in psy-
chology ignores the concept of a behavioral baseline and the measure-
ment of initial state, or it is ruled out ot existence by assuming a zero

baseline level, a chance baseline level, or by randomizing its eftfect. The
properties of behavioral acquisition are tunctions ot the initial state
or the prior state of behavior, so that the investigation of individual
differences in learning requires techniques for assessing, generating,
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and maintaining stable baseline behavior from which transitions in the
course of learning can be studied. The special virtue for the use of a
stable baseline is that it can be used as a substitute for a control group.
The individual’s initial state is a control, and individual difference fac-
tors are eliminated by the requirement for establishing a stable base-
line in a single subject.

It is of interest to examine the concept of measures of initial state
a bit more by pointing to some other experimental findings. When in-
dividual differences are assessed in terms of initial state measurements
relevant to acquisition rather than generalized psychometric measures,
interesting things begin to happen. First, it should be pointed out that,
in a study by Noble, Noble, and Alcock (1958), where the Primary
Mental Abilities battery was used to predict individual differences in
trial-and-error learning, it was found that prediction was higher for
total correct scores than for initial correct scores. This suggests that the
usual psychometric variables are correlated with whatever happens at
the end of learning and are correlated to a lesser degree with initial
acquisition performance. This suspicion is confirmed when one looks
at Fleishman’s data (1965) on the prediction of perceptual-motor skill
learning. Using a battery of tests primarily developed for prediction
purposes in the Air Force, he found that the percentage of variance
accounted for in tracking performance increases with practice, with
about 10 per cent accounted for at the beginning of practice and
slightly less than 25 per cent at the end of practice. Interesting results
are obtained when initial state is measured in terms of hypothesized
correlates of acquisition rather than of final performance. This can be
exemplified by some verbal learning studies. Cieutat, Stockwell, and
Noble (1958) showed that subjects classified on initial learning as fast
and slow learners are differentially sensitive to differences in meaning-
tulness in paired-associate learning. They also showed a task interac-
tion; difficult material produces divergent slopes for fast vs. slow sub-
jects, and easier material produces convergent slopes. Mandler and
Huttenlocher (1956) showed that initial individual differences in asso-
ciative fluency are positively correlated with speed of learning. Plender-
leith and Postman (1956) investigated discriminative and verbal habits
in incidental learning. Their analysis of the task showed two charac-
teristics of subjects which should be related to success in incidental
learning: (1) the subject’s ability to maintain a multiple set, i.e., to dis-
criminate and categorize stimulus materials along more than one di-
mension; and (2) the ability to differentiate responses to stimulus items.

Tasks were set up to measure these two kinds of behavior, and the
results show significant correlations between these individual skills and
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the degree of incidental learning. The concept of initial state as a
parameter in learning functions and work such as just described sug-
gests a line of experimental investigation which generally has been
neglected.

General Laws and Limiting Conditions

At this point, I am up to date enough to have covered what I inter-
pret to be the approaches that have been made to individual difterences
in the study of learning. What are the implications? It seems to me that
they are the following: First, the widespread inattention to individual
differences seems to indicate that psychologists have been uniquely
optimistic in their expectations for the generality of behavioral laws.
In the pursuit of these laws, the assessment of ranges of generalization
and of limiting conditions has been by-passed. It we recognize learning
as a process of transition from an initial state to an arbitrary terminal
state, then with respect to the individual differences problem, we
should take a lesson from other natural sciences. We must recognize
limitations in the applicability of a scientific law. It is through the
specification of limiting conditions that our hypothesized or theoreti-
cally derived relationships obtain concreteness.

The specific limiting conditions (or “boundary conditions”) employed
in physics are not unlike those required to account for individual dit-
ferences in behavioral laws. For example, in order to predict the tuture
behavior of a physical system, it is necessary not only to know the
equations governing changes of the system, but also to have knowledge
of its state at a particular time. It is not unusual in physics, or in psy-
chology for that matter, to refer to initial conditions or an initial state
which is in existence at some time chosen as initial time. Individual
differences can be interpreted as initial states which must enter into
a description ot behavioral change.

A second kind of limiting condition that enters into physical theory
refers to conditions which extend over a continuous interval of time.

The following example from Lindsay and Margenau (1936, pp. 55-56)
is illustrative:

. consider a fiber which is twisted from its normal equilibrium
configuration by the application of torque. When released it displays
the familiar phenomena of elastic fatigue and hysteresis. This means
that a knowledge of the state of twist and angular velocity ot the
fiber at any instant is not suflicient for a prediction of its state and
motion at any subsequent time. Rather we need for this purpose the
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whole history of the fiber since first it began to move at all: that is,
we must know its heredity. The name hereditary mechanics has been
given to the field of problems into which there enter what are essen-
tially boundary conditions extending over continuous intervals of
space and time and demanding integrals for their representation.

The point is, then, that individual differences can be conceptualized as
limiting or boundary conditions, and that laws of learning need to con-
sider the assessment of constants referring to initial state and “coeffi-
cients of heredity” in the sense implied above. There probably are
many problems in the determination of laws of learning which are in-
tensified because of ignorance of appropriate limiting conditions. There
also is the nagging concern that there is a dearth of pure laws in psy-
chology to which we can begin to attach limiting conditions.

Implications

It follows trom this that postulated individual differences need to be
incorporated into our learning theories. A major inadequacy of the
tactor analytic-psychometric approach that I described earlier is the
lack ot a theoretical framework for the selection of reference tests and
learning measures. Another concern about the psychometric bias is
the preoccupation with ways of getting around error variance rather
than investigating the conditions which influence it. An attack on in-
dividual differences requires sustained exploration of variability so that
it becomes controllable for experimental and theoretical endeavors. If
the individual differences variable is to be incorporated into our work
on learning, we need to be more skeptical about intrinsic variability
and get on with the matter of exploring the factors contributing to
variation. (Related to this is the fact that the notion of general intelli-
gence is obviously no longer a useful scientific concept for character-
izing initial state in learning studies. It leads, for example, to concern
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