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Although the invention of plausible hypotheses, independent of any
connection with experimental observations, can be of very little promo-
tion of natural knowledge; yet the discovery of simple and uniform
principles, by which a great number of apparently heterogeneous phe-
nomena are reduced to coherent and universal laws, must ever be
allowed to be of considerable importance toward the improvement of
the human intellect.

Tuomas YOuNG: First Bakerian Lecture, 1801
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Introduction

This is a book on reminiscence, or more modestly a book on reminiscence
in motor tasks, or more modestly still on reminiscence in pursuit rotor
learning, with occasional references to other types of reminiscence. The
vast majority of experiments investigating reminiscence with the pur-
suit rotor have been carried out within the framework of Hullian learn-
ing theory. Thus, of necessity, this book also will be much concerned
with that theory. Some readers may feel that so much detailed attention
paid to one piece of apparatus and one now rather discredited theory,
is overdone; we could not agree with such an evaluation.

There are several features of pursuit-rotor performance which
make it particularly worthy of attention. One of the more important of
these features is the easy replicability of many of the phenomena found
in performance of this task; this is our first point. Replicability is the life
blood of science; what cannot be replicated by any well-trained
observer is of doubtful status in science, and on this score pursuit-rotor
work certainly emerges as perhaps the most reliable set of observations
in experimental psychology. The effects of massing and spacing; of rest
pauses of different length; of switching from massed to spaced learn-
ing, or vice versa; of interpolating different activities; of introducing
distracting stimuli; of switching from right to left hand, or vice versa; of
changing the speed of rotation, or the diameter of the target disk—
these are clear-cut and replicable as few phenomena in psychology are.
There are few other examples where a young student can be told to
carry out an experiment on a few subjects with the absolute certainty
that the results will be predictable and precisely in line with what the
literature says they ought to be; we should cherish such experiments,
and hope that in due course there will be more of them!

xi



xii INTRODUCTION

It may seem to some readers that we lay too much stress on
reliability of findings, and their replicability. We do not believe this to
be a fault, but rather a virtue. Having both had some training in the
physical sciences, we are astonished that replication of important find-
ings is so rare in psychology; in the hard sciences replication is
regarded as an essential feature of advance. Even when attempts are
made at replication in psychology, there are usually so many changes in
apparatus, choice of subjects, and parameter values that what is
regarded as a “‘replication’’ is in fact equivalent to a change in virtually
all the important properties from the original study. Psychologists, to
put it bluntly, lack only too frequently the essential research discipline
which has been responsible for the great advances in physics and
chemistry; the failure to agree on the physical dimensions and proper-
ties of the pursuit rotor, to which Ammons (1955) has drawn attention,
is only one example of this defect. Where no two studies are alike in
such properties of the apparatus as speed of rotation, size of target,
height of working surface, length of stylus, material properties of
rotating disk and target, maintenance, lighting, and many more, it is
surprising, and speaks highly for the indestructibility of the main
phenomena observed, that so much agreement has in fact been found.
Where outcomes are less robust, as in verbal learning, these faults
emerge with even greater clarity. Changes in research parameters
which are intended, and made for theoretical reasons are of course
acceptable and welcome; most changes found in the literature, how-
ever, are simply capricious or motivated by a vain desire to be different
and “‘original.” We have tried to follow our own advice; in important
areas, such as the influence of personality or motivation on reminisc-
ence, we have replicated our findings five or more times before accept-
ing the conclusions as representative.

Of course it is possible that even such replicable phenomena may
be of little theoretical importance; this is our second point. We feel that
there is a regularity and a precision about these phenomena which
suggest that nature is trying to tell us something; that these phenomena
carry with them secrets about an understanding of learning, of mem-
ory, of the very way the brain behaves in processing and making use of
new knowledge and skill. We believe that had we only the nous to read
this coded message aright, we would be so much nearer an understand-
ing of some of the central problems of psychology. Others may not
share our enthusiasm, but we would beg them to stay with us to the
end before making up their minds on this point.

Our third point reinforces this belief in the importance of pursuit-
rotor reminiscence and its attendant phenomena. Reminiscence inter-
acts with other important areas of psychology in a precise, quantifiable,
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and theoretically meaningful manner. Motivation has important effects
on reminiscence; high drive produces large reminiscence effects, low
drive produces small ones. Yet, contrary to Hull’s theory, high drive
does not produce better pre-rest performance than low drive; such a
finding is of great importance for any motivational theory. Personality,
too, interacts with pursuit-rotor reminiscence; many studies agree in
showing that extroverts demonstrate greater reminiscence than do
introverts, although the two personality types do not show any differ-
ence in pre-rest practice. Even abnormal personality interacts with
reminiscence, as Kraepelin (1895) posited long ago; schizophrenics
show much less reminiscence than do normal or neurotic subjects.
Lawful interactions such as these reinforce our belief that the whole set
of phenomena (including also direct measures of arousal, and their
interaction with reminiscence) is of great scientific importance, and
cries out for a theoretical understanding which will serve to explain the
observed facts in a parsimonious fashion.

We have chosen to discuss pursuit-rotor reminiscence because the
various phenomena associated with this task can be demonstrated with
great reliability and show regular and clear-cut relationships with basic
task parameters, such as length of rest, and also important psychologi-
cal concepts such as motivation and personality. Could we not, for
similar reasons, pay more attention to reminiscence in other tasks as
well? If by reminiscence we mean simply improvement in performance
after rest, then we would seem to cast our net so wide that many
heterogeneous phenomena would be thrown together; such improve-
ment is seen in vigilance tasks (Stroh, 1972), in spiral after-effect
(Holland, 1965), in eye-blink conditioning (Jones, 1974), in ergograph
performance (Weiler, 1910), in work on Kraepelin’s Rechenheft (Oehrn,
1895), in inverted alphabet printing (Kientzle, 1946), on the pathways
test (C. H. Ammons, 1960), on a variety of motor skills tasks (Melton,
1947), and of course on verbal learning tasks as well (McGeoch & Irion,
1952). We shall suggest that there are at least three different kinds of
“reminiscence” involved in these various tasks, caused by quite differ-
ent mechanisms. Ergograph-type tasks show “reminiscence” due to
recovery from fatigue; vigilance-type tasks show ““reminiscence” due to
dissipation of inhibition; pursuit-rotor type tasks show “‘reminiscence”
due to consolidation of learning. It would not be sensible to treat all these
theoretically quite distinct effects of rest periods interpolated among
periods of massed practice in the same book, or use the same term to
characterize them; historically there has always been some confusion in
the definition of the term ““reminiscence,” and we would suggest that
there are good reasons to restrict its use to tasks involving only or
mainly consolidation-type processes in its causation. This means that
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the study of reminiscence would be concerned with the effects of rest on
learning, rather than on performance; this is an important restriction
which has in the past been followed by some writers, but not by others.

It will now be clearer why we have concentrated so much on just
one of the many tasks which have been used in the study of reminis-
cence. As we shall argue, pursuit-rotor work is concerned in a relatively
pure way with reminiscence as above conceived; there is little or no
“fatigue’” and little or no “inhibition” (in the sense of the word pop-
ularized by Ammons and Kimble in their classical studies of reminis-
cence). We started our work originally within the Hullian tradition,
according to which pursuit-rotor reminiscence was explained in terms
of dissipation of inhibition; after twenty years of experimental studies
along these lines we feel that this explanation is definitely and defini-
tively disconfirmed, and that some such explanation as have advanced
in terms of consolidation is much nearer to the experimental facts.
Whether this is so or not, the reader will be able to judge after perusing
the pages of this book; we find it rather paradoxical that the one task
which more than any other has been used to study, and to explicate
hypotheses about, “‘reactive inhibition”” and its dissipation, should be
the one task which more than any other is completely free of any trace of
inhibition and dissipation of inhibition.

We also believe that psychology may be able to learn an important
lesson from the development of these theories, the changes that took
place in them, and the final replacement of the inhibition theory by the
consolidation theory; we hope to discuss these lessons in more detail in
our last chapter. By tracing the development of investigations of a
particular phenomenon over many years and also the rise and fall of the
various theories devised to explain that phenomenon we hope that this
book will be of interest not only to the student of motor skill learning,
but also to all those actively engaged in practicing the art of experimen-
tal psychology.

It is considerations such as these which are responsible for the way
this book was conceived and organized. Scientists are not usually very
much interested in the history of their science; yet our theory would be
difficult to understand without some rather detailed discussion of the
development of the various conceptions which have been put forward
to explain “reminiscence’” and learning. As Medawar (1972, p. 105) has
pointed out, “a scientist’s present thoughts and actions are of necessity
shaped by what others have done and thought before him; they are the
wavefront of a continuous secular process in which The Past does not
have a dignified independent existence of its own. Scientific under-
standing is the integral of a curve of learning; science therefore in some
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sense comprehends its history within itself.”” It seemed worthwhile to
make the debt we owe to those who went before us more explicit—
particularly as most textbooks fail to acknowledge the earliest experi-
ments and theories in this field, which go back to Kraepelin and his
students in the closing years of the last century. It is they who first
discovered (explicitly) the phenomena of reminiscence, who advanced
theories of inhibition and dissipation of inhibition to account for the
fact, who discovered the phenomena of “blocking’ (involuntary rest
pauses) long before Bills, and who quantified many of the phenomena
associated with reminiscence. It would be an interesting task for an
historian to discover why their pioneering work was never given the
recognition which it so richly deserves.

In line with our belief that history is important, and gives ballast to
an otherwise purely factual and experimental account, we have given a
somewhat detailed description, along historical lines, of the develop-
ment of the experimental methods, and the apparatus, which eventu-
ally produced the classical work of Ammons and also of the theories
which were developed to account for the facts discovered. Initially these
theories were based on the concept of inhibition, but later this was
abandoned in favor of consolidation.

The work of our Department mirrors clearly the change from inhi-
bition to consolidation theory. We started out from the premises of
Hullian theory, very much impressed by the apparent success of
Ammons and Kimble to construct a theoretical system which appeared
to cover all the observed phenomena. We tried to fit our own research
findings into this system, and at first this process seemed to support the
system in every detail. Predictions that extroverts would show greater
reminiscence than introverts, or that high motivation would lead to
greater reminiscence, were triumphantly verified. However, the worm
was in the bud; there were many anomalous details, as we shall see in
the course of this book, and attempts to shore up the leaning tower
were of indifferent success. Finally it became clear that the whole
system was becoming so complex and unwieldy, necessitating so many
ad hoc iiypotheses, that it ceased to be of any value in making predic-
tions; it became like the Freudian opus, in that it could explain every-
thing, and predict nothing—nothing, that is, that was not already
known! Radical surgery was clearly required, and the consolidation
theory was put forward as an alternative and less involved and complex
hypothesis (Eysenck, 1965). This theory required much revamping and
rethinking before it could be accepted as accounting for all the well-
established research findings, and even the form presented here is still
held only tentatively; we believe that it possesses the main advantage of
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a good theory in that it points to new and different types of research to
those which we have become accustomed to. Whether the predictions
which can be made from this new theory will continue to be borne out
is of course a question for the future; it would be unwise to put too
much faith in such a happy outcome. Indeed we are already aware of
certain phenomena concerning the precise details of pursuit tracking
performance which this theory cannot successfully account for. These
are discussed in our chapter on “strategies.”

Having outgrown our first love for inhibition theory, we still have
lingering feelings of affection and regard for it. Although we have no
doubt that it was completely inappropriate to pursuit-rotor learning
and reminiscence, nevertheless it was a good theory in the proper
scientific sense. For a time it accounted for the main facts in a satisfac-
tory manner; it meshed with “big time theory”” very adequately; and it
made interesting and important predictions which could be experimen-
tally tested and disproved. More than that no theory can be required to
do, and it would be foolish to heap obloquy upon its remains, as many
anti-Hullian theorists are apt to do. In retrospect, it is surprising how
well an erroneous theory fitted the facts; how we seemed to be able to
measure variables, such as I, and slz, which in fact do not enter the
picture at all—certainly as far as pursuit-rotor learning is concerned.
Such an experience must make one suspicious—when consolidation is
evoked as an explanatory concept, are we fooling ourselves in a similar
manner, only to find that thirty years later some new and untried
concept will be advanced with equally high claims, and consolidation
contemptuously dismissed? When such has been the fate even of appar-
ently invincible concepts like Newton’s universal gravitation, this
seems only too likely. However, we cannot predict what kind of concept
will take over in due course, and until anomalies accumulate and make
such a change-over imperative, this is the best theory we have, and we
suggest that it might be worthwhile trying it out to see how far it will
get us.

It is the failure of the inhibition-type theories to produce an expla-
nation of reminiscence which provided a major motivation for writing
this book. We believe that pursuit-rotor learning was an ideal stamping
ground on which to test conflicting theories about learning and mem-
ory. Our own theory grew as a reaction to the ever greater complexity of
Hullian formulations, in their efforts to encompass the many findings
which clearly did not fit in with the original hypotheses. The fifties and
sixties provided a classical example of the picture given by Kuhn (1962)
of the state of affairs preceding the scientific revolutions which he
believes to occur whenever an existing theory (or paradigm) is encoun-
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tering too many anomolies which cannot be explained (or explained
away) by modifications of the existing theory. In Lakatos’s terms, a
once progressive research programme shift has become regressive, more
concerned with defence than with extension (Lakatos & Musgrave,
1970), and it was time for a new research program to take its place. This
was attempted in a programmatic fashion by Eysenck (1965), and we
have tried to do so in a much more extensive and (we hope) successful
manner in this book.

The need for such a venture, and an empirical analogy to the Kuhn
and Lakatos interpretations of the history of scientific theory building,
can be found in an interesting paper by Krantz (1965). He takes his
departure from the results of counting the number of articles appearing
each year in Physics and Chemistry Abstracts (Price, 1963); the yearly
increase can be described by an exponential function. He then argues
that a plotting of research activity in particular research areas within a
science would show a large variety of curve forms, and asks the ques-
tion “Can any consistency be found in the curve forms for research
activity on this more molecular level of analysis?”’ Taking his cue from
Kuhn, he argues that in the course of delineating the paradigm which
constitutes current orthodoxy, research findings are obtained which
violate the paradigm-induced expectations. “The course of ‘anomalous’
research is a more or less extended exploration of the area of the finding
and ends when the anomaly has been shown to be either an unreliable
event, assimilable into the current paradigm, or, least probably, pro-
duces a paradigm change where the finding is no longer perceived as
contrary to expectation (scientific revolution). It would follow from this
position that research in an ‘anomalous’ area should show a period of
concentrated research, directed toward evaluating the finding, with a
subsequent marked change in activity. The nature of this change would
be dependent upon the outcome of the concentrated exploration; if the
finding is shown to be unreliable or assimilable there should be a
relatively rapid decrease in research with little probability of recovery
of interest. However, if the findings eventuate in a paradigm change,
the course of activity in the ‘anomalous’ area would show a continued
and perhaps more accelerated increase in research. In short, it is
hypothesized that a comparison between research activity in ‘normal’
vs. ‘anomalous’ areas should show differences primarily in the eventua-
tion of research; in ‘normal’ science, activity should be generally con-
tinuous while ‘anomalous’ science should show either a marked decline
with no recovery of interest, or a continuation of research.” (Price, 1963,
p. 39.)

In order to test this hypothesis, Krantz selected two cases of ‘nor-
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Figure 1. Research activity in verbal reminiscence and retroactive—-proactive inhibition.

mal” and ‘anomalous’ research in psychology; ““the ‘anomalous’ area is
matched with a ‘normal’ area in that they represent explorations of
similar viewpoints.” One comparison was made between research
activity in latent learning and secondary reinforcement; the other
between activity in verbal reminiscence and retroactive—proactive inhi-
bition. The frequency of articles, from 1927 to 1962, was found from
consultation of the Psychological Abstracts, and the data for verbal
reminiscence and retroactive—proactive inhibition are plotted in Figure
1. (A similar figure is plotted in Krantz’s paper for latent learning and
secondary reinforcement, showing latent learning research to have a
similar course to verbal reminiscence, while secondary reinforcement
had a similar course to retroactive and proactive inhibition.) “The
research activity forms for the anomalous areas of latent learning and
verbal reminiscence show very similar shapes; a rise in the frequency of
research, followed by a period of high productivity, concentration or
peaking and then a marked decline. The level of activity in the postde-
cline period is less than, or equal to, that prior to rise and concentration
with no indication of subsequent recovery. It is clear, from the graphs
and an analysis of the research findings in these ‘anomalous’ areas that a
scientific revolution did not occur. Although it is difficult to pinpoint
the factors contributing to decline in these two areas, an analysis of the
literature indicates that latent learning was partially assimilated into the
then current learning position (Hull, 1952) and for verbal reminiscence,
accumulating evidence indicated that the phenomenon was unreliable
(Hovland & Kurtz, 1951).” (Krantz, 1965, p. 41.) “In contrast to the
decline and lack of recovery in the ‘anomalous’ research curves, the
activity in the ‘normal’ science areas shows a continual increase; sec-
ondary reinforcement presently in a period of increasing activity and
retroactive-proactive inhibition recovering to its previous level after the



INTRODUCTION xix

World War II slump (the 1943—-1946 point on the graph). In both areas a
diminishing point in research is not yet apparent.” (Krantz, 1965, p.
42))

The data presented by Krantz are interesting, but his interpretation
is somewhat doubtful. Motor reminiscence is one of the most reliable
phenomena in experimental psychology, yet its course of research
activity is not dissimilar to that of verbal reminiscence; here too we
observe a period of high productivity following the work of Ammons
and Kimble, to be replaced in recent years by a marked decline in the
number of articles written. (The peak in research activity for motor
reminiscence is some 10 to 15 years later than that for verbal reminis-
cence.) It is certainly true that verbal reminiscence is unreliable; Buxton
(1943) called it the “now you see it, now you don’t” phenomenon. But
that may not be the only, or even the main reason for its decline; it may
be as in the case of motor reminiscence, that the observed anomalies
could not find an explanation within the context of Hullian learning
theory. Unreliability undoubtedly aggravated the position, but it was
itself probably produced by a failure to take into account variables
which played no part in the traditional theoretical explanatory system
of experimental psychology of the time (Eysenck, 1973). Clearly a “‘new
look”” was needed to replace a theoretical system which had run out of
steam and could not account for the numerous anomalies which arose
in the course of empirical work. We have attempted to provide such a
““new look”; it will be interesting to see whether Krantz’s prediction of
a new rise in interest in the topic, following such a theoretical refur-
bishing, will be fulfilled.

It will be clear, from what has just been said, why we have
concentrated on motor reminiscence, to the exclusion of most of the
work that has been done on verbal reminiscence. Unreliable results
make summary of findings meaningless, and do not lend themselves to
theoretical conclusion; we have simply quoted in passing some studies
indicating the importance of personality and motivation variables for a
proper undérstanding of verbal reminiscence phenomena, and for their
experimental control; beyond that it seemed inadvisable to go. A much
more detailed treatment can be found in Eysenck (1973).

Another advantage of the broad historical approach we have cho-
sen for our study of a rather specific phenomenon is that it enables us to
discuss the advantages and disadvantages of various theoretical atti-
tudes that psychologists have adopted.

Some critics will almost always oppose any kind of “conceptual
nervous system’’ concept; they argue that such concepts are unneces-
sary, and that we should be coritented with a set of differential equa-
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tions to describe our findings. Our theory can certainly be considered
“dynamic” in the usual sense in which physicists use this term, i.e.,
expressible in terms of differential equations; we still believe, however,
that psychological or physiological concepts, such as ““‘consolidation”
and ““arousal,” have an important part to play in such a theory. Similar
arguments have of course gone on in physics too; as we shall see in the
last chapter, the thermodynamic and kinetic theories of heat present a
similar confrontation, the former dealing with unimaginable concepts
of a purely quantitative kind, the latter giving us an eminently “visual-
izable”” picture of what is going on when small particles in constant
motion are colliding with each other (Eysenck, 1970). Perhaps a scien-
tist’s preference for one or other type of theory is determined by his
extraverted or introverted tendencies; where physicists are still unde-
cided about the respective value of these two ways of regarding nature,
we would be hesitant to suggest any final conclusion.

Neither would we like to be dogmatic about another controversy
which has frequently engaged experimental and theoretical psycholo-
gists, namely the debate about the relative usefulness of “‘big theory’’ or
“small theory.” Is it useful at the present time to try and put forward
large-scale theories of the Hullian type, or should we rather occupy
ourselves with “miniature theories,” relating to a particular phenome-
non, or even a particular phenomenon as demonstrated on a particular
piece of apparatus? To ask the question is to realize that fundamentally
it is meaningless. The reaction to Hull's great system, and its relative
failure, has been exaggerated; we need fundamental concepts, and
general theories, just as much as we need specific applications, in great
detail, to selected areas. Our book deals with a very limited area,
reminiscence in pursuit-rotor learning, but the concepts we find neces-
sary (consolidation, extraversion—introversion, motivation) are
obviously of much greater latitude, and would apply to many other
areas. We find this whole discussion unreal; Hull’s theories resembled
the curate’s egg, which means that they were neither wholly good nor
wholly bad, although the rapid swing of opinion would suggest that
they were the former at one time, and are the latter now. This is an
unrealistic way of looking at theories as if they were modish changes in
skirt length. What Hull tried to do will have to be done sometime; it
seems slightly absurd to throw out the baby with the bath water. But of
course if theories au grand do not fit the facts, even in a small backwater
like pursuit-rotor reminiscence, they have to go; there is a reciprocal
relation between “big theory” and ““small theory”” which advocates of
either may not always recognize.
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As expressed in our dedication of this book to the large number of
students and colleagues who have worked in this Department, on
problems associated with reminiscence, we have based ourselves very
much on the principles expressed in some detail in an article on
““Programme research and training in research methodology’’ (Eysenck,
1970). Seeing a problem in science from a broad, historical perspective
is of importance not only for understanding particular theories and how
they have developed, but also for discerning the line of future research
that is likely to be productive. It follows from this belief that training in
research can best be accomplished by having the student work on a
kind of apprenticeship level with an experienced research worker, on
problems which have engaged the Department for a long time. Partici-
pation in such a program eliminates the “one off” type of research so
familiar in psychology; research which is inherently unlikely to pro-
duce worthwhile results, which ends just when the student is in a
position to make a proper start, and which is never followed up by
anyone else—in spite of the traditional last words about further
research being required. Program research shows the student the value
of continued work on a particular set of problems, it makes certain that
his work and results will indeed be followed up by the next generation
of students, and it shows him how his own work is based intimately on
that of his predecessors. These are important insights for a research
worker to gain; he is more likely to make them his own when experi-
ence shows their value, rather than when he simply reads about them in
some text book or other. Our experience suggests that these theoretical
propositions possess some value for the training of research workers in
psychology; whether the accumulated work done by generations of
students on the problems discussed in this book has been worth the
trouble must be left to the reader to judge.

H. J. EYsENCK
Institute of Psychiatry

University of London C. D. FriTH



PART I

The Origin of the Grand
Design



CHAPTER 1

Kraepelin and the Age of
Innocence

DEFINITION OF REMINISCENCE

Reminiscence is a technical term, coined by Ballard in 1913, denoting
improvement in the performance of a partially learned act that occurs
while the subject is resting, i.e., not performing the act in question. He
may be performing other types of activity, so that the term “resting”
may seem inappropriate; similarly, the term “reminiscence” does not
seem too well chosen in view of its everyday meaning to convey the
substance of “improvement over rest.”” The reality of the phenomenon
was of course widely known before Oehrn (1895) first explicitly demon-
strated it experimentally; William James, in his typically paradoxical
style, referred to our learning to skate in the summer and to play tennis
in the winter. Actually this is not so; tennis players and skaters, as well
as learners of other sportive activities, need several weeks to recover
from the effects of a lengthy rest. If anything, there is a loss of perfor-
mance during long rest, and even in laboratory tasks quite short rest
periods can produce forgetting, i.e., a decrement in performance. Pos-
sibly the point James alluded to was the relatively quick recovery of
“form’ after lengthy rest; this may subjectively feel like improvement
over rest.

Definitions of reminiscence abound, but they are not altogether
satisfactory. Hovland (1951, p. 653) defines it in terms of increments in
learning which occur during a rest period; he warns that before reminis-
cence “can be considered a fundamental learning phenomenon, expla-

3
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nations of it in terms of fatigue, motivation, and artifacts of measure-
ment must be eliminated.” Osgood (1953, p. 509), on the other hand,
defines reminiscence as ‘“a temporary improvement in performance,
without practice,” and says that ““the term . . . refers to the objective
fact of improved performance” (our italics). It is true that learning is
usually indexed in terms of performance, and to that extent the two
definitions may be considered equivalent, but it is also true that mod-
ern learning theory makes a radical distinction between learning and
performance; learning may or may not issue in performance, depend-
ing on various conditions which require careful investigation. Some of
these conditions are indeed mentioned by Hovland in the sentence
quoted above, but the terms used are not precise enough to carry much
meaning. Would Hull’s concept of “reactive inhibition” be considered
equivalent to “fatigue,” or would it be considered as ““negative motiva-
tion?”” As long as we have no agreed upon definition of terms such as
these, there might be difficulties in unambiguously demonstrating the
phenomenon under investigation. Furthermore, to recognize artifacts
of measurement implies knowledge of the true principles of measure-
ment; there is no agreement on just how measurement ought to
proceed.

To show how different the two definitions really are, let us consider
two sets of experimental results. The first comes from a report by Denny
(1951), who administered a pursuit-rotor task to two groups of 18
subjects each; one group worked continuously for 16 min, the other
group worked continuously for 5 min, received 5 min of rest and then
worked continuously for 12 min more. We shall later discuss the nature
of the task, which involved following a small metal disk, embedded in a
large bakelite turntable rotating at a speed usually of some 60 rpm, with
a metal stylus; time on target was registered electrically on a suitable
clock. For the present let us look merely at the results shown in Figure 1-
1. It will be obvious that the two groups pursue quite divergent courses
after the rest pause; the experimental group shows an increase from the
10th to the 11th 30-sec trial of 8%, i.e., from 14% to 22%, while the
control group shows no change of any kind from the 10th to the 11th
trial; this is an instance of “reminiscence.”

It will also be seen that there are other differences between the two
curves, subsequent to the imposition of a rest pause. First there is a
sharp rise immediately after rest; this we shall call post-rest upswing
(PRU). This is sometimes attributed to reinstatement of the set to
perform the task in question, or ““warm-up”’; this notion was intro-
duced in this connection by Hoch and Kraepelin (1895), and widely
popularized by Thorndike (1914) in the English-speaking countries.
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Figure 1-1. Reminiscence on the pursuit rotor, also showing post-rest upswing, post-rest
downswing, and the eventual meeting of the rest and control groups. Taken with
permission from Denny (1951).

Ammons (1947) refers to “warm-up decrement” to describe the fact that
without the need for warm-up performance would be higher on the first
post-rest trial. We prefer the term ““post-rest upswing’’ because it does
not incorporate a questionable hypothesis, which may or may not be an
accurate account of what is in fact happening, in the description. In any
case, PRU is followed by a leveling off of performance, followed in turn
by a gradual decline; this may, by analogy, be called post-rest down-
swing (PRD). Finally, this decline is arrested and a slow, regular up-
swing is resumed which seems to run at roughly the slope and level of
the control group, which has continued to improve slowly with a
roughly linear slope throughout. We shall be concerned with theoretical
interpretations of these and other facts later on; here let us simply note
the facts, and note also that a theory of reminiscence must do more than
account for the reminiscence effect itself. PRU and PRD are equally
clear-cut consequences of the interpolation of a rest pause, and any
worthwhile theory of reminiscence must also cover these effects.
Consider now an experiment reported by Holland (1963, p. 265) in
which 14 subjects were administered 20 massed trials on the rotating
spiral, subjects reporting on the length of after-effect experienced.
Immediately upon the after-effect’s cessation, the next presentation of
the rotating spiral was commenced. A 15-min rest pause was intro-
duced after the 20th trial, and a further 10 trials followed the rest pause.
It is seen in Figure 1-2 that the length of the after-effect declines from a
maximum of 14 sec on the 2nd trial to 11.2 sec on the two trials
preceding the rest. After rest there is recovery to 14.3 sec, which is not
significantly in excess of the highest pre-rest score; this recovery is
short lived, and followed by a decline to a minimum of 10.8 sec. The
question that arises is of course whether these findings should be
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Figure 1-2. Reminiscence on the spiral after-effect test, showing recovery of the effect after
decrement during massed practice. Taken with permission from Holland (1963).

discussed under the heading of “reminiscence’”’; there is improvement
of performance, as demanded by Osgood, but no evidence of learning,
as required by Hovland. At first sight it might be argued that this is a
fatigue effect and hence not properly admissible, but this argument is
not very strong; Holland explains the phenomenon in terms of ““reac-
tive inhibition,” which dissipates during rest, and Denny offers a
precisely similar explanation to account for his pursuit-rotor experi-
ment. If there is a possibility that identical causes are responsible for
the superficially similar effects, then it would be unwise to exclude on a
priori grounds experiments of the second kind from consideration. It
might turn out on careful consideration that the observed similarities
were little more than analogies, but such a theoretical issue should not
be prejudged and consequently we shall consider all phenomena which
might reasonably be subsumed under the heading of “reminiscence” in
its widest meaning in this book.

THE SPECIFICITY OF REMINISCENCE

Our example will serve another purpose, namely to illustrate how task
tied some of the phenomena we are considering are. In the Denny
experiment the pre-rest trend is upward, reminiscence produces scores
very much in excess of starting scores, and there is both PRU and PRD.
In the Holland experiment the pre-rest trend is downward, reminis-
cence just manages to bring scores back to the starting point and there is
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no PRU, only PRD. Nevertheless, both experiments do show reminis-
cence, i.e., improvement in performance over rest.

Results very similar to those of the Holland experiment are shown
in the typical vigilance-type experiment (Davies & Tune, 1970); here too
there is a regular performance decrement during massed practice, but
when a rest pause is given, performance rises again to the initial level,
without PRU. This phenomenon is not usually thought of under the
name of reminiscence, but Osgood’s definition would clearly embrace it
comfortably. We may with advantage regard reminiscence phenomena
as being positioned along a continuum, the lower and upper extremes
of which are defined by the Osgood and the Hovland definitions,
respectively. Tasks resembling pursuit-rotor learning involve learning,
as shown by the fact that post-rest performance is greatly superior to
starting level or pre-rest level, and that there is no pre-rest deteriora-
tion in performance. Tasks resembling vigilance tests typically do not
involve learning (although some of them may involve a modicum of
learning); there is deterioration of performance during pre-rest prac-
tice, and a post-rest return to the starting level, but without improve-
ment over that level. We shall suggest that an appropriate explanation
of pursuit-rotor tasks may be in terms of consolidation of the traces laid
down by the practice pre-rest, while an explanation of performance-
decrement tasks may be in terms of some inhibition concept, involving
dissipation of inhibition to account for the post-rest improvement. One
of the paradoxes of learning theory, particularly of the Hullian variety,
is that it has attempted with great determination to apply inhibition
theory to pursuit-rotor learning; indeed, pursuit-rotor learning is prob-
ably the area most closely investigated by learning theorists interested
in Hull’s system generally, and inhibition concepts in particular.

Postulation of a continuum from one type of task to the other
demands that there should be tasks involving both learning consolida-
tion and decrement inhibition. One such task may be the inverted-
alphabet printing test (Kientzle, 1946), in which the subject is required
to print the letters of the alphabet upside down. In one experiment,
Eysenck and Cookson (1974) administered the test to 2560 boys and
2679 girls, aged between 10 and 11 years; twelve 1-min periods of
massed practice were followed by a variable rest (0, 1, 5, 10, and 60 min,
respectively), and the rest was in turn followed by another 5 min of
massed practice. The results are shown in Figure 1-3a and b. There is
clearly some learning pre-rest, as shown in the first 3 trials, but then
there is performance decrement, bringing the terminal score almost
down to the initial level. The rest produces a marked reminiscence
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Figure 1-3. Reminiscence on the inverted alphabet printing task, showing effect after rest
pauses of 0, 1, 5, 10, and 60 min, respectively. Data are for boys (a) and girls (b). Taken
with permission from Eysenck and Cookson (1974).
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Figure 1-4. Failure of reminiscence to appear in a two-hand coordinator task. Taken with
permission from Quarrington and White (1958).

effect, again showing learning effects (initial post-rest performance is
well above the highest level reached during pre-rest); however, there is
no PRU, but only PRD. Thus alphabet printing clearly lies intermediate
between our two extremes, and its explanation may have to partake of
both consolidation and inhibition hypotheses.

Not all experiments using perceptual-motor tasks show reminis-
cence. As an example, consider the work of Quarrington and White
(1958), who used a task superficially rather similar to the pursuit rotor.
A two-hand coordinator was used; this device presents the operator
with a tracking task which requires him to keep a cursor on top of a
target by means of two lathe-type cranks. The right hand moves the
cursor in a left-right direction, while the left-hand crank moves the
cursor toward or away from the operator. Success is measured in terms
of time-on target. 15 males and 15 females were given 15 consecutive 30-
sec periods of practice, allowed to rest for 24 hr, and then given another
15 consecutive 30-sec periods of practice. Results are shown in Figure 1-
4; they illustrate that learning is clearly taking place in males and
females, but also that there is no trace of reminiscence. (The superiority
of men over women on this task is of no interest here; sex differences
are common in this type of motor task.)

It is possible that the superficial similarities between the two-hand
coordinator and the pursuit-rotor (pursuit task) are less important than
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the less obvious differences. Thus on the pursuit-rotor work is continu-
ous, and attention is centered on the same type of movement through-
out. On the coordinator there are essentially two tasks differing in
nature and related to right-hand and left-hand practice; it is possible for
the subject to switch attention and concentrate on one or other of these
two tasks, thus allowing the brain cells associated with practice on the
other task to rest. Thus this task might be thought of rather as two
alternating tasks, neither providing the conditions of massing thought
to be favorable to the development of reminiscence. It is of course not
necessary to accept this very tentative theory in order to see that task
conditions very much determine the shape of the work curve and the
presence or absence of reminiscence. It is for this reason that we have
concentrated on pursuit-rotor work in this book; no other task has
received even a fraction of the amount of attention that pursuit-rotor
work has received, and any hopes of arriving at an even partly quantita-
tive theory of the phenomena associated with reminiscence must rest
on this rich treasure house of experimental findings. Other tests are also
covered in part, but mainly in relation to questions arising from the
problem of similarities and differences to pursuit-rotor learning; no
thorough coverage is intended of verbal learning, animal learning, or
perceptual reminiscence.

If task differences are so important, then surely a classification or
typology of tasks would seem desirable. Unfortunately there is at
present no satisfactory approach to such a typology, although begin-
nings of at least a taxonomy of perceptual-motor skills have been made
(Fleishman, 1967). Experimentally, there is a heuristic distinction
between motor skills learning and verbal learning; this coincides very
nicely with marked differences in reminiscence phenomena discovered
in these two fields (although there are also certain similarities, as we
shall see). When we look at extreme cases this distinction seems quite
clear-cut; pursuit-rotor learning is an example of the former, nonsense-
syllable learning an example of the latter. But what about the tasks
which were used in the first groping days of Kraepelin, when the
foundations were being laid for so much that we now take for granted?
Does routine mental arithmetic (single-digit addition, under condi-
tions of massed practice) qualify under motor skills or verbal learning?
Does the more modern pathways test, in which a path has to be traced
from one number to the next, randomly spread over the page, resemble
the one group or the other? Or do they require a separate niche, or
perhaps several separate niches?

We have considered these two types of learning as belonging more
properly with motor learning than with verbal learning; what is learned
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is not, after all, the act of addition or the sequence of numbers—these
must be known, and may be supposed to be overlearned, before the
beginning of the experiment (at least, with the type of subject used).
What is learned, then, is more likely to be motor skills of writing and
tracing, perceptual skills in spotting and connecting numbers, and
other such nonverbal abilities. But there is of course no reason why
certain tasks should not combine features from both camps, and involve
both motor and verbal elements; the taxonomy does admit whales and
porpoises to be both fish and mammals. It is used here mainly for the
sake of classifying together what appear to be similar experiments; no
ultimate validity is claimed for it. Furthermore, we shall be particularly
interested in seeing to what extent generalizations are possible from
one field to the other, and to what extent such generalizations break
down (Underwood, 1966).

MUSCULAR FATIGUE AND REMINISCENCE

One type of reminiscence, however, has been firmly excluded from our
survey; that associated with recovery from muscular fatigue
(Schmidtke, 1965). Kraepelin (1895) stimulated much work on the dyna-
mometer (Weiler, 1910, Oseretzkowsky & Kraepelin, 1901) and used the
different work curves produced by schizophrenic or manic—-depressive
patients as a diagnostic device, as did Hoch (1901) and Lefman (1904);
he also used mental work, notably arithmetic (as in his Rechenheft),
and the work curves resulting therefrom in a similar manner. In doing
this work, he was thinking that the observed similarities, e.g., in
reminiscence, work decrement, and fatigue effects, were more than
mere analogies; he tried to account for mental events (decrement in
attention) along the lines of metabolic waste products interfering with
performance, very much as he did in connection with physical work.
There is no doubt that ergograph work produces work decrement, and
that pauses introduced during the course of this massed type of practice
produce reminiscence. Figure 1-5 is taken from Weiler’s paper and
shows the regular decrease in output on the ergograph (solid line), as
compared with the restitution produced by a rest pause. Six pulls are
averaged to produce the mean effect for each of 10 recorded trials; the
work done by one experimental subject is totaled over 10 days. (i.e., 5
days with, 5 days without rest periods.) Pulls were synchronized by
means of a metronome; the rest was of 2-min duration.

However, Kraepelin’s notion that there might be more than an
anology to mental work in physical work is almost certainly mistaken.
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What happens in physical work to produce temporary and semiperma-
nent work decrement is the following. Hemoglobin is a compound
containing iron which is found in the red blood cells, and whose
function is to carry oxygen in a loose combination from the lungs to the
tissues. By means of hemoglobin the blood can transport 100 times as
much oxygen as it could if the oxygen were simply dissolved in the
fluid plasma of the blood. During exercise, hemoglobin gives up more
oxygen than normal, and the venous blood level can drop to as low as
3%, compared with the normal 12% . During exercise the active muscles
require up to 3000 ml of oxygen per minute, 50 times their resting need.
Most of this extra oxygen comes from the increased rate and depth of
breathing, and is transported by the increased heart output, but about
%th of it comes as a result of blood being shunted away from other
organs. This added oxygen supply contributes energy to the muscle
cell, which uses it to interdigitate the filamentous molecular racks
inside each muscle cell, thus causing the cell to shorten and, ultimately,
the whole muscle to contract. Muscle cells are relatively tolerant of lack
of oxygen, largely because of the myoglobin which they contain. This
substance is similar to hemoglobin but does not release its oxygen
nearly so easily; it keeps it until marked oxygen lack has set in. Once
the myoglobin has exhausted its oxygen it recharges avidly with oxygen
diffusing into the muscle cell.

This is the first of two principal energy-releasing pathways in
muscle cells. Sometimes called the Krebs citric acid cycle, it requires
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oxygen and glucose as fuel, and forms carbon dioxide and water as
waste products (after many stages). The other pathway (anaerobic
glycolysis) is only 5% as efficient in extracting energy from glucose, but
it can do so without oxygen; however, it does produce as a waste
product the harmful lactic acid. It is the myoglobin recharging—storage
mechanism which accounts for the efficiency of brief rest pauses in
mammals, i.e., intermittent contracting and relaxing of muscles. These
brief rest pauses allow the myoglobin to recharge, and the existence of
the myoglobin in the first place is of course responsible for the ability of
the animal to incur an oxygen debt at all! Continuous work, however,
leads to severe oxygen lack, and the organism has to fall back on
anaerobic glycolysis but does produce a concentration of lactic acid in
blood and muscles, thus leading to fatigue and ultimately enforcing a
cessation of the activity in question.

Lactic acid is removed from the body of the liver and kidneys,
where lactic acid is converted back to glucose (the Cori cycle). Lactic
acid fatigue is long lasting (comparatively speaking); aerobic exercise is
maintained by numerous short “micropauses’” during which myoglo-
bin is recharged. Thus there is a good physiological reason for differen-
tiating “’short-term fatigue’”” leading to micropauses and restitution
almost immediately, and “long-term fatigue”’ leading to excretion of
lactic acid over a relatively long period of time.

Work on a bicycle ergometer, following a standard rate of pedal-
ing, clearly shows how the spacing of practice determines long-term
fatigue even though the work/rest ratio remains constant. During a half-
hour period, trained subjects practised for 10 sec, rested for 20 sec;
practised for 30 sec, rested for 60 sec; or practised for 60 sec, rested for
120 sec. Blood lactate at the end of the half-hour was 20 mg/100 ml (near
resting level) for the first group, with no subjective fatigue; 70 mg/100
ml for the second group, with marked subjective fatigue; and 140 mg/
100 ml for the last group, with total collapse supervening before termi-
nation of the half-hour period.

Figure 1-6, taken from Astrand et al. (1960), shows the effect of
various lengths of work period on blood lactate level when work/rest
ratios are kept equal; it will be seen that short bursts of work, followed
by short periods of rest, preserve a low lactate level, whereas longer
bursts of work, followed by long periods of rest, lead to high lactate
levels. The load in this bicycle ergometer task was 2530 kg-m/min in all
cases during the active periods, and the total work output in all cases
15,120 kg-m. Similarly, Christensen et al. (1960) found that subjects
could run at a speed of 20 km/hr in short spells of 5-10 sec, with
interspersed pauses of the same duration, for 20 active minutes and
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Figure 1-6. Effect of various lengths of work on blood lactate level when work/rest ratios
are kept equal. Taken with permission from Astrand et al. (1960).

have only a slight increase in blood lactate, while the same subject
running continuously at the same speed was exhausted after 4 min,
with blood lactate reaching maximal levels. Mental work shows nothing
similar to this, possibly because the brain cells are better protected
against over exertion and collapse. In any case, modern psysiology does
not consider that oxygen lack is associated with mental work, or its
deterioration (Asmussen, 1965).

The relations between strength exerted (as a fraction of maximum
strength), duration of exertion, and length of rest pauses have been
studied in detail by Miiller (1965) and by Rohmert (1960); the latter has
put forward a formula for calculating the rest allowance required to
continue static work for ¢+ hours without fatigue:

1.4 0.5
R. A. = 18(t/T)** (k/K — 0.15)°5 x 100%

where R.A. is the rest allowance in % of ¢, T is the maximum holding
time, t the holding time, K the maximum force, and k the holding force.

KRAEPELIN’S STUDIES OF REMINISCENCE

Verbal and motor reminiscence, and the associated phenomena of
distribution of practice (massed vs spaced) developed along rather
independent paths for quite a long time. Ebbinghaus (1885) is credited
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with the discovery of the superiority of spaced over massed practice in
verbal learning, and Jost (1897) demonstrated the failure of theories
involving fatigue and boredom to account for the findings. Reminis-
cence as a separate phenomenon was, however, not isolated in verbal
learning until Ballard’s work in 1913, and Huguenin’s 1914 study. Thus
verbal reminiscence appeared on the scene almost 20 years later than
motor reminiscence, an indication of how separated the two disciplines
had become.! We shall return to the development of work on verbal
reminiscence in a later chapter; here we shall be concerned rather with
the story of motor reminiscence. This story may be told in some detail,
partly because it is of interest and importance to what follows, but also
because it seems largely unknown; thus McGeoch and Irion’s scholarly
work (1952) makes no mention of Kraepelin and his many associates
who may be said to have created this branch of study, very much as
Ebbinghaus created the experimental study of memory. Bilodeau (1966)
is similarly remiss, and so are Osgood (1953) and Hall (1966). Even
Boring (1950) fails to recognize the outstanding importance, originality,
and thoroughness of the many studies reported in Kraepelin’s Psychol-
ogische Arbeiten.

The systematic study of reminiscence, the effects of rest pauses of
variable duration on learning, the phenomena of “’set”” and “warm-up,”’
the effects of distribution of practice, the influence of motivation on
learning, and the pervasive determination of all these variables by
personality differences were pioneered by E. Kraepelin and his stu-
dents. Most of this work was published between 1895 and 1910 in
Kraepelin’s Psychologische Arbeiten; the studies were begun during his
stay in Dorpat, and completed during his tenure on the chair of Psy-
chiatry in Heidelberg. Both the experimental work and the theoretical
interpretation bear the stamp of W. Wundt, under whom he studied in
Leipzig, but there can be no doubt that he extended these methods and
interpretations to an essentially new field, and in so doing became the
founding father of a large and still growing field of psychology. His
parentage, although equally clear and indisputable as that of Ebbin-
ghaus in the field of memory investigation, has been obscured by

1 Other early investigators of reminiscence phenomena anticipating Ballard, were Hen-

derson (1903) in the U.S.A., Lobsien (1904) in Germany, and Binet (1904) in France.
McGeoch (1935) gives a long list of other early workers in this field. Binet points out how
widespread was the realization that incompletely learned material would show
improvement in recall after an interval of time, even around the turn of the century:
“Cette sorte d’amélioration de la memoire pars le temps, sans étre générale, a été
observée si fréquement qu’il a paru difficile de la mettre en doute, de lattribuer a
quelque cause d’erreur.”
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historical accidents; in part his growing fame in the field of psychiatry,
and in part the fact that his work was never pulled together and
published in book form, but remains scattered over a large number of
students’ theses. The growing inability of Anglo-American students
(and teachers) of psychology to read German, and the failure of his
contributions to be translated into English, have made a proper appre-
ciation of his work difficult. This is regrettable; a reading of his exten-
sive studies makes one realize how modern his approach was in many
ways, and how prescient his theorizing. There are few modern notions
which he did not anticipate, and few fundamental findings which are
not adumbrated in his writings. Even now he has much to teach us, and
we may well start with a detailed, if brief, consideration of just what he
was trying to do, and what he discovered.

Kraepelin (1895) considered that prolonged work, whether muscu-
lar, as on the dynamometer, or mental, as in adding single digit figures,
produced certain effects, such as fatigue, and was in turn affected by
certain variables, such as motivation; these variables and effects were a
function, in part, of the personality, normal or abnormal, of the experi-
mental subject, and could in turn be used to throw some light on
aspects of his personality. Hence the painstaking analysis of the work
curve was to him one important method of gaining a better understand-
ing of the dynamics of behavior, and of individual differences. He was
also concerned with modifying behavior through drugs and using his
experiments to study the effects of drugs, but this line of approach will
not be dealt with here (Aschaffenberg, 1895; Loewald, 1895; Hoch &
Kraepelin, 1895; Haenel, 1899; Kiirz & Kraepelin, 1901; Ach, 1901;
Riidig, 1904). He was aware of the fact that a better understanding of
fatigue, motivation, set, reminiscence, and learning might have far-
reaching practical consequences in the clinic, the classroom, and in
industry, but he did not personally concern himself very much with the
application of such factual and theoretical results as were produced by
his school; his concern was first and foremost the clarification of the
scientific and academic problems thrown up by his work.

Readers of the articles referred to below will undoubtedly experi-
ence a curious sensation of disbelief when they are confronted with
table after table giving detailed results achieved by one person, on one
occasion; only occasionally are these results averaged over occasions,
hardly ever over persons. In any case, the number of cases is usually
very small; in the early studies three to five subjects seems to constitute
the norm, and even in the latest studies the number never seems to rise
above twenty. The reader looking for statistical treatment of data will be
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sorely disappointed; what little statistics there are, are of a very mun-
dane and elementary kind. In this method of working Kraepelin is very
close to Ebbinghaus, whose monumental work on memory was of
course carried out with the aid of just one subject—himself; there is
also a close correspondence to Pavlov, whose great book constantly
gives detailed data for just one or two animals to demonstrate the most
far-reaching generalizations. Both Pavlov and Ebbinghaus showed that
such reliance on extremely careful control and very thorough study of a
few selected cases can lead to conclusions which may stand up to the
most varied replication, and Kraepelin, too, will be seen to have been
led to conclusions which are not contradicted by more modern, statisti-
cal methods of research. There is a curious tendency for the wheel to
come full circle; Skinner’s studies, in their reliance on single case
histories and their abhorrence of averages and other statistical devices,
strike one as a partial return to the type of research current around the
turn of the century.

To say this is not to suggest that Kraepelin’s methods are necessar-
ily superior to those of modern psychologists, just as it would be right
to say that insistence on complex statistical methods is inevitably
superior to the simple approach of Pavlov, Ebbinghaus, and Kraepelin.
There are advantages and disadvantages attending both approaches,
and both are needed in reaching a proper evaluation of the confusing
and contradictory evidence. Means, variances, and covariances can give
us important information when their use is appropriate and permissi-
ble; but they can also hide important dissimilarities between subjects
which only become apparent when other methods of analysis are
employed. Kraepelin's results suggested that some people benefit more
by short, others by long rest pauses; averaging would completely
destroy the possibility of finding such important differences. Modern
psychology has not yet found a statistical approach which reconciles the
divergent needs indicated in this example; until it is found we would
be well advised not to smile at methods which after all produced more
fundamental knowledge in the hands of such masters of research as
Pavlov, Ebbinghaus, and Kraepelin than have all the complex statistics
which we so confidently apply to problems which quite often are
inappropriate for their use.

The first study which is relevant to our topic is one published by
Oehrn (1895), in which he employed the sensationally large number of
10 subjects (Ss); he used a variety of tasks including letter counting,
letter search, proofreading, nonsense syllable learning, number learn-
ing, various motor functions such as writing, and finally the one most



18 I / THE ORIGIN OF THE GRAND DESIGN

important from our point of view, addition of single numbers in
Kraepelin’s Rechenheft,? timed over consecutive 5-min periods. Work
continued over periods of 2-4 hr. Oehrn clearly states Kraepelin’s
fundamental belief that practice and fatigue are the two most important
influences which between them determine the major portion of an
individual’s performance at any one point; “Uebung und Ermiidung
stehen in Bezug auf ihre Wirkung in geradem Gegensatz zu einander.
Wahrend erstere die Leistungsfahigkeit sowohl quantitativ als auch
qualitativ erhoht, wird durch die Ermiidung sowohl die Quantitat der
in einer gewissen Zeit geleisteten Arbeit, als auch ihre Qualitat her-
abgesetzt.” Fatigue is conceived as partly a peripheral, physiological
effect associated with specific end organs, but also as a decline in
attention; Oehrn quotes Wundt's Physiologische Psychologie as saying
that this decline in performance ‘“zum Theil in einer physiologischen
Abstampfung des betreffenden Organes, namentlich aber in der
Abnahme der Aufmerksamkeit zu bestehen pflegt.”

The effects of practice are semipermanent, those of fatigue are
transitory. It is here that rest pauses (of 24 hr or more) are important;
they allow fatigue to dissipate, while the effects of practice remain.
Figure 1-7 has been drawn after results reported by Oehrn (1895, p.
132); representing the mean duration, in 1/1000 sec, of adding a single
number during a 30-min practice period. The figures are averaged over
5-min periods, of which there are 6 in each half hour, and 10-min rest
pauses are introduced between successive half-hour periods. It will be
noted that there is an overall learning effect: addition becomes quicker
with practice. It will also be seen that there is a clear reminiscence
effect: improvement takes place during the rest period, and is shown
most clearly by comparing the terminal pre-rest period with the initial
post-rest period. This effect is obvious for each of the 3 rest periods.
These results are for one person, on one occasion, but we are told that
they are quite universal: “Also nach der Pause wird mit einer Ge-
schwindigkeit begonnen, die grosser ist, als sie vor derselben erreicht war.
Ganz dasselbe Verhalten beobachten wir bei Versuchen, die durch 24
Stunden oder noch langere Pausen von einander getrennt sind.”
(Oehrn’s italics.)

2The Kraepelin Rechenheft never became very popular in the Anglo-American circle, but
it was widely used in Germany, particularly in the form given the test by Pauli (1921,
1936). A detailed account of work with this test is given by Pauli and Arnold (1951). In
English, Reuning (1957) has discussed some of the results, and has shown how the test
can be analyzed into its component factors. All this work is in the tradition of Kraepelin,
but is of no direct relevance to the study of reminiscence.
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Figure 1-7. Reminiscence effects in adding single numbers. Drawn after results given by
Oehrn (1895).

Oehrn’s explanation of this phenomenon is not a model of clarity;
he maintains that ““die Uebung . .. in einer Erleichterung des psy-
chischen Vorganges besteht, dass also auch wahrend jedes einzelnen
Versuches der dauernde Einfluss der Uebung zur Geltung kommt”
(1895, p. 133). This is difficult to translate without suggesting concepts
which may not have been present in the author’s mind; he seems to
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suggest that practice consists in a facilitation of psychic processes, and
that the continuing influence of practice is apparent in every single
experimental determination. This may suggest a consolidation rather
than an inhibition theory of reminiscence but it is doubtful that Oehrn
was really conscious of the dichotomy when he wrote the above sen-
tence, or had any very definite notion of how the phenomenon he had
discovered came about. Nevertheless, this would appear to have been
the first experimental demonstration of reminiscence, and as such the
paper constitutes a landmark in the history of the subject.

Oehrn also observed marked fluctuations of speed in adding single
numbers; it must be remembered that these were obtained by averag-
ing results obtained over 5-min periods of work; we will later review
what another student of Kraepelin’s was able to deduce from a more
detailed study of fluctuation phenomena. The observed fluctuations
were interpreted as “Ermiidungserscheinungen’’; the dependence of
these phenomena on fatigue was demonstrated by showing that fluc-
tuations tended to appear late in performance, usually after the point of
maximum performance, and when performance was beginning to
decline. Oehrn notes marked differences in the size of fluctuations
between individuals, and also between tasks; this effect, as well as the
others discussed, assumes different importance in different individu-
als, and in different tasks. Particularly impressive are the individual
differences in ability: the best subject in this highly educated group
scored over twice as many additions as did the worst. Variability, too,
showed marked differences, but these were unrelated to ability. This
variability, which is of course a function of the number and size of
fluctuations observed, was considered by Oehrn to be “ein Dynamom-
eter der Aufmerksamkeit.” He supported this notion that variability in
performance could be used as a measure of attention by showing that
simpler, more reflex types of task showed less variability. This, in turn,
is of course a function of the degree of learning; variability is lessened,
the more a task has been practiced.

Oehrn ends by saying that work curves are always the product of
two influences, practice and fatigue; hence no pure measure of either
can be obtained directly. He suggests that to study pure learning one
must eliminate fatigue; this can be done by introducing lengthy rest
pauses (spacing of practice). If we want to study pure fatigue, then we
must practice until no further improvement in performance is observed
(asymptotic performance). The suggestions contained in this paper
were taken up by other students of Kraepelin, as we shall see.

Hoch and Kraepelin (1895) investigated the effect of rest pauses of
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different length (5 and 15 min) after different lengths of practice (1 and 2
hr), the task being again that of adding single-digit numbers. They
found that after 1-hr work the 5-min pause facilitated later work, while
the 15-min pause had a decremental effect; conversely, after 2 hr work
the 15-min pause also had a facilitating effect. (In learning tasks they
found that the 15-min pause had a facilitating effect even after 1-hr
work.) They concluded ““dass die Wirkung der Pause nicht eine an und
fur sich feststehende ist, sondern dass sie wesentlich abhangt von dem
Zustande, in welchem sich der Arbeitende in den verschiedenen
Abschnitten seiner Thatigkeit befindet” (1895, p. 372). This firm state-
ment that the effects of rest pauses are not absolute but depend on the
particular state in which the worker finds himself during the various
phases of his activities may seem little more than common sense, but
much experimental work has since been done which has neglected this
salutary warning. In particular, Hoch and Kraepelin insist that pauses
are more likely to facilitate future work if the subject has accumulated a
considerable amount of fatigue; little fatigue gives the rest pause little
chance to have a positive influence. Again an obvious conclusion, but
one which suggests new methods of quantitatively investigating the
amount of fatigue which has been accumulated. In a similar manner
Hoch and Kraepelin explain the difference observed between work on
simple addition, and work on rote learning; the facilitating effect of the
15-min pause for the latter, but not the former task after 1-hr work is
due to the greater fatigue induced by the more demanding learning
task, compared with the more automatic adding task. Thus we have
here the beginnings of a taxonomy of tasks, indexed according to the
degree of “fatigue’”” induced.

But all this does not explain why the 15-min pause actually had a
decrementing effect on further work after 1-hr addition. Uebungsver-
lust (forgetting) is pretty well ruled out because after the 5-min rest
there is an actual gain; Ebbinghaus already showed that most forgetting
follows the general rule of showing a steep decline during the first few
minutes, leveling off afterwards. Hoch and Kraepelin suggest quite a
different hypothesis, namely ““dass wahrend der Arbeit sich unabhingig
von der Uebungswirkung Einfllisse entwickeln, die eine bedeutende
Steigerung der Leistungsfahigkeit bedingen, nach dem Aufhoren der
Thatigkeit jedoch ungemein rasch wieder verschwinden’ (1895, p. 374).
These influences which are independent of learning, which facilitate
performance, and which dissipate during rest they call “Anregung,” a
term which might literally be translated as “suggestion’”” or “excita-
tion,” but which would today be called “’set.”” (The proper German term
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for set is of course Einstellung, as used for instance by the Wiirzburg
school; Kraepelin’s choice of term is curious and inexplicable.3 How-
ever, the description given by Hoch and Kraepelin of the way Anregung
is supposed to work leaves little doubt about the interpretation given
above.) Discussing this concept of Anregung, Hoch and Kraepelin say
“dass beim thatlichen Aufhéren unseres Versuches unser psycho-phys-
ischer Mechanismus noch eine kurze Zeit auf die betreffende Arbeits-
leistung eingestellt bleibt, dass sich erst allmahlich die besondere,
durch die Arbeit hervorgerufene Disposition zum Lernen, Addiren u.
derg. verliert” (1895, p. 375). Thus Anregung is a disposition favoring
work in progress, a disposition or set which is gradually lost after
cessation of the activity in question. This loss is great enough after 15
min to more than counterbalance the facilitating effect of recovery from
fatigue when the amount of fatigue is relatively small; when a lot of
fatigue is present, as after 2 hr of addition, then recovery from fatigue
produces a greater positive effect than the negative effect of loss of set
can balance. Loss of set is explicitly related to duration of the rest pause;
the longer the rest, the greater the loss: ““Es ist uns bekannt, dass solche
Unterbrechungen uns um so starker beeinflussen, je langer sie
andauern” (1895, p. 376). Here then we have another concept to account
for some of the phenomena of the work curve, and another quantitative
law to help in the measurement of these phenomena. ,

Rivers and Kraepelin (1895) add another concept, that of permanent
work decrement. Hitherto we have dealt with fatigue, which was
supposed to dissipate completely during sufficiently prolonged rest
pauses; this fatigue, which was essentially mental and related to loss of
attention, thus produced a temporary work decrement. (In order to
distinguish this mental fatigue from the physical kind induced through
work on the dynamometer, also pioneered by Kraepelin, it might be
useful to introduce a term such as “inhibition”” which is purely descrip-
tive of the temporary decrement produced, and does not lend itself to
confusion with physical fatigue. From here on we will use the terms
“mental fatigue”” and ““inhibition” interchangeably.) In long-continued
work on simple addition, these authors found that rest pauses of equal
or even greater length sufficed during the first day or two to produce
complete restitution from the effects of fatigue; ‘‘spaterhin entwickelte
sich eine rasch wachsende Abnahme der Leistungsfahigkeit, die durch
einfaches Ausruhen wahrscheinlich nicht mehr véllig ausgeglichen
werden konnte” (Rivers & Kraepelin, 1895, p. 677). A similar effect had

3 “Gerichtetheit” is the current translation of set in the present sense of that term.
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already been noted by Hoch and Kraepelin (1895) in dynamometer
work; now they state: “Es liegt nahe, auch fiir die geistige Arbeit
ahnlichen Vorstellungen nachzugehen.” The observed similarities,
however, obscure certain important differences; fatigue in mental work
arises more slowly, dissipates more slowly, and produces semiperma-
nent effects which also persevere longer. Kraepelin does not really
produce an explanation of this new phenomenon of permanent work
decrement; such physiological speculations as he offers do not seem to
have much value for us.

This paper also discusses another concept which Kraepelin was
forced to introduce in order to account for certain empirical findings:
that of Antrieb (drive, motivation). This factor was considered particu-
larly important “weil es das Eingreifen des Willens in die geistige
Arbeit anzeight”” (Rivers & Kraepelin, 1895, p. 675). Drive, it was
thought, produced its effect through voluntary effort; this was most
noticeable at the beginning and the end of the practice period. These
effects, however, were of short duration. Degree of motivation was
found to be a function of personality; “Haufigkeit und Grosse der
Antriebswirkungen hangen in erster Linie von den personlichen Eigen-
schaften, dann aber von der jeweiligen Disposition ab” (Rivers & Krae-
pelin, 1895, p. 677).# Kraepelin does not really make much of this
concept; he uses it merely to explain the spurts which under certain
conditions appear at the beginning and end of prolonged activity, but
this ex post facto explanation does not carry us very far. In particular,
Kraepelin fails to consider the overall effects of drive on performance
and reminiscence.

Kraepelin introduces here also the concept of forgetting (Uebungs-
verlust); ‘ohne Zweifel geht . . . von einem Tage zum anderen bereits
ein betrachtlicher Theil der gewonnenen Uebung wieder verloren”
(Rivers & Kraepelin, 1895, p. 647). This loss of performance through
forgetting requires us to introduce correction factors, and in order to do
that we must measure its extent (which Rivers and Kraepelin proceed to
do). No alternative explanations to forgetting are considered, such as
retroactive or proactive inhibition, and the discussion here is not on a
very high level; nevertheless, most modern workers still measure
reminiscence without correcting for any “forgetting” that may have

4The distinction between “Eigenschaften” and “Dispositionen” is similar to that
between “’state” and “trait,” i.e., semipermanent traits predisposing subjects to react in
a certain manner, and momentary dispostions largely produced by the circumstances of
the test situation. The distinction dates back at least as far as Cicero (45 B.C.), who
distinguishes clearly between ““trait anxiety” (anxietas) and “‘state anxiety’’ (angor).
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taken place, whatever theoretical explanation may finally be found
acceptable for this forgetting. In this respect, therefore, Kraepelin was
well ahead of his time and perhaps of ours, too.

In their paper, Rivers and Kraepelin say that “die Ermidung
beginnt ohne Zweifel mit der Thatigkeit selbst’” (1895, p. 669). This
stress on the nature of the activity itself in producing inhibition was
taken up by Weygandt (1899), who tried to discover what it was in the
activity that caused it to produce a given amount of inhibition. The
approach and the problem are similar to those of Hull in his discussion
of the “work hypothesis’” of inhibition, but instead of calling upon the
amount of physical work done in ft-lb/sec, Weygandt stresses the fact
that we are dealing with mental work, and concludes from his investi-
gation that different tasks produce inhibition to different degrees in
different people (postulate of individual differences), and also that the
same task may change its character and become easier (produce less
inhibition) with practice. Difficulty of mental work (and hence inhibi-
tion produced) is a function of the demands made upon attention; the
more practiced we become, the less attention we need to pay to the
work, and the less fatiguing (inhibition producing) it becomes. This
inhibition can transfer from one task to another; it is by no means task
specific. “Als das Ausschlaggebende haben wir lediglich die Schwere
der Arbeiten in ihrem gegenseitigen Verhaltniss gefunden. Eine Arbeit,
durch eine schwerere unterbrochen, wird nachher geringere als die
erwartetein Ligebuisse liefetn, eine durch leichiere Arbeit unterbroch-
ene dagegen bessere” (Rivers & Kraepelin, 1895, p. 201). This discovery
that if work on A is interrupted by work on a more difficult task, then
later work on A is decremented, while if the interruption is by easier
work, then later work on A is incremented, is probably highly task
specific; it almost certainly does not apply to pursuit-rotor learning.

Voss (1899) made a more analytic investigation of the fluctuations
of performance already noted by his predecessors; he constructed an
instrument which enabled him to measure the length of each single
addition in 1/1000 of a second. He studied fluctuation of attention by
plotting fluctuations of addition times from one maximum to another.
Individual data were plotted in terms of the percentage of various
duration times over 5-min periods; there are of course 12 such periods
in the 1-hr long experiments. A typical table, slightly condensed, is
given below (Table 1-1); it is seen that the majority of solution times fall
into the 0.6-in band, but that an unusually large percentage of solutions
also fall into the 1.2-in band, i.e., they are twice as long as the modal
solutions. As he said, ‘“die Ermidung bewirkt das Auftreten sehr
langer Additionszeiten” (Voss, 1899, p. 448). Altogether he concludes
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that in the course of work there appear numerous shorter or longer
fluctuations, these tend to occur in multiples of the time needed to
produce a single addition. The cause of the fluctuations in attention is
to be found in central mechanisms, not in peripheral ones; ‘“die Ursache
der Arbeits—und damit auch der Aufmerksamkeits-schwankungen
tiberhaupt ist in centralen Vorgingen zu suchen” (Voss, 1899, p. 449).
These long addition times correspond to what Bills was much later to
call “blocking,” and what we will call IRPs (involuntary rest pauses).

Voss adds that drive acts not only at the beginning and end of the
work period, but also often during practice; ““der Antrieb bewirkt das
Auftreten einzelner ganz kurzer Additionszeiten unc macht dadurch
die Arbeitsweise ungleich-massiger’” (1899, p. 448). This appeal to
changes in drive is gratuitous; there is the alternative possibility that
long addition times permit the subject to rest, and thus emerge
refreshed and able to respond quickly. Here, as elsewhere in Kraepe-
lin’s work, drive appears as something of a deus ex machina to explain,
after a fashion, phenomena otherwise unclear. Motivation is the weak-
est part of Kraepelin’s system.

Lindley (1901) restates, on the basis of his extensive work, the
experimentally ascertained effects of introducing a rest pause into a
period of massed practice: “Die Wirkung jeder Arbeitspause ist eine
dreifache: die Ermiidung gleicht sich aus, die Anregung geht verloren,
und die Uebung schwindet” (1901, p. 534). Inhibition dissipates, set is
lost, and forgetting sets in. The mutual interaction of these three faciors
determines the optimal length of rest periods. However, he found that
individual differences are very marked in determining the optimal
length of rest periods; in educated, highly motivated adults the optimal
length of rest between two half-hour periods of simple addition lay
between 15 and over 60 min. He even found that “unter Umstanden,
bei geringer Ermiuidbarkeit und grosser Anregbarkeit, kann das unun-
terbrochene Fortarbeiten bei den angefiihrten Bedingungen vortheil-
hafter sein als jede Pause’” (Lindley, 1901, p. 534). Gradually this and
similar findings led Kraepelin to introduce the notion of individual
differences into his terminology: Ermiidbarkeit, as above (liability to
develop fatigue or inhibition quickly and strongly), Anregbarkeit, as
above (ability to develop set strongly and quickly), Uebungsfihigkeit
(ability to learn quickly on a particular task), Leistungsfihigkeit (ability
to perform a given task), and others. This recognition of the need for
introducing personal constants into general equations of performance
curves preceded Hull’'s (1945) programmatic statement by some 50
years, and issued in far more experimental attempts to put the program
into practice than did Hull’s; its neglect by experimentalists has vitiated
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all too many empirical investigations. Attempts to find optimal dura-
tions of rest pauses in general, or to compare the effects of different rest
pauses, relies on averaging inherently distinct values and thus obscures
the underlying reality; averaging should only be used when homogene-
ity is assured.

Several other authors took up the investigation of massed and
spaced practice, and the effects of different lengths of rest pauses.
Hylan and Kraepelin (1904) used short work periods (5 min of adding)
and found that on the whole improvement in performance was a direct
function of duration of rest pause, at least up to the half-hour period
which was the longest rest pause used. “’Die fortschreitende Besserung
der Leistung mit Verlangerung der Ruhepause ist im allgemeinen, den
Erwartungen entsprechend, eingetroffen’”” (Hylan & Kraepelin, 1904, p.
489). This conclusion suggests that even with individual differences to
obscure the picture, certain generalizations may still be feasible.
Hetiman (1904) also arrives at certain generalizations which are only
partly obscured by individual differences. Dissipation of inhibition
during rest is a function of the length of the rest pause and of the
duration of pre-rest practice: “In der Wirkung einer Pause iliberwiegt
die Erholung im allgemeinen um so mehr, je langer sie selbst ist und je
langer die Arbeit vorher gedauert hat” (Heuman, 1904, p. 602). This
conclusion has of course been tested time and time again in later work
with the pursuit rotor, always with results which support Hetiman.
Miesemer (1904, p. 433) suggested, on the basis of his work, that mental
and physical work may interact; “korperliche und geistige Arbeit
beeintrachtigen beide die Auffassungsfahigkeit.” This may serve as a
precursor of Hull’s adoption of the Mowrer-Miller work hypothesis,
but it only partly justifies it. Miesemer suggests that physical work may
have an inhibitory influence on attention, but not that only physical
work has such an influence; other factors are also allowed for. Hull's
hypothesis overgeneralizes a perfectly sound notion.

Kraepelin (1913) used results from work curve studies to assess the
mental state of psychotic patients, and also tried to throw light on the
nature of the disorder in question. Thus he presents data on adding
from a dementia praecox case (1913, p. 692), comparing massed practice
during a 10-min period with the effects of introducing a 5-min rest
pause after the first 5 min. (Figure 1-8 is redrawn from Kraepelin’s
original.) There is a clear-cut reminiscence effect, i.e., after the rest
pause performance is markedly better, but this effect only lasts for 1
min and is then soon lost; “Der Vergleich mit den Kurven der Gesun-
den . . . zeigt den Unterschied in der Pausenwirkung mit voller Deut-
lichdeit.” Hutt (1910) has published similar, more systematic studies
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Figure 1-8. Reminiscence in the adding performance of a schizophrenic patient. Drawn
after results given by Kraepelin (1913).

with manic-depressive patients, carefully selected and tested in a typi-
cal manic or depressive state. Reminiscence was markedly less in
psychotics than in normals; “die unmittelbare Pausenwirkung bei
unseren Kranken ist durchschnittlich erheblich geringer als bei den
Gesunden” (Hutt, 1910, p. 361). Other differences were also noted, but
we are not concerned with these detailed findings here; suffice it to say
that later work, as we shall see, supports the discovery that psychotics
in general have lower reminiscence scores over relatively short rest
periods.

So much for a brief summary of some of the studies carried out by
Kraepelin and his students. Hetiman (1904, p. 577) sums up the main
conclusions: “Der Arbeitswerth in jedem Punkte der Arbeitscurve wird

. wesentlich durch vier verschiedene Einfliisse—den Antrieb, die
Anregung, die Uebung und die Ermtdung bestimmt. . . . Die Pause
unterbricht die Wirkung aller der aufgefiihrten Einfliisse. Sie schwin-
den, aber mit sehr verschiedener Schnelligkeit, so dass der Arbeit-
swerth nach der Pause in jedem Augenblicke durch die noch fortbeste-
henden Reste jener Einfliisse bestimmt wird.” Most of the rest of this
book deals with the experimental solution of the problems arising from
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the further implementation of this general scheme, and the quantifica-
tion of the various determinants of the work curve, both before and
after a rest pause.

There are of course hints of quantitative laws in Kraepelin’'s work,
although these are not worked through very thoroughly. Thus, for
instance, it is suggested that dissipation of inhibition follows a nega-
tively accelerated time course (Hylan & Kraepelin, 1904, p. 490); this
agrees with more recent findings. There is also the suggestion that set is
acquired more readily after later rest pauses than after earlier ones
(Lindley, 1901, p. 491). The same author argues that great gains in
performance are accompanied by a considerable build-up of inhibition
(1901, p. 534); there may very well be a causal connection here. But a
final synthesis, either qualitative or quantitative, is missing; Kraepelin
never built up a systematic theory of the kind with which Hull has
made us familiar. This has the disadvantage that the reviewer has to
piece together the various building stones for himself, and discard
those which Kraepelin later found useless. Thus an element of subjec-
tivity may be introduced which is strengthened by the need to translate
German terms, often specially coined for the purpose, into English.
Such translation may very easily slant the meaning in a direction not
intended by the original author; it is for this reason that in many cases
the German original has been quoted. But ultimately the work of the
Kraepelin school can only be judged by careful perusal of the original
documents; nothing less will do.

For Kraepelin, distribution of practice and reminiscence (although
not so called by him) formed part of one and the same research pro-
gram, and were subject to explanation in terms of much the same
factors. With respect to verbal reminiscence, there was an early period
of separation, in which both theories and research designs related to
these phenomena differed; it was not until the work of Ward (1937)
formally identified the experimental operations of these hitherto some-
what distinct sets of experiments that both were universally recognized
as being the same kind of phenomenon. Distributed practice had been
studied by comparisons between groups receiving differently spaced
practice; reminiscence had been studied by comparing pre-rest and
post-rest level in one and the same group.® In this latter procedure the

5 The design of the early reminiscence studies was as follows:
Original learning 1st retention test  Rest 2nd retention test
The Ward-type design, taken over from distribution of practice studies, was as follows:
Experimental group: Original learning  Rest Relearning

Control group: Original learning  No rest Relearning
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amount of practice produced by the initial test of retention remained
uncontrolled, and Brown (1923) showed that this lack of control could be
of considerable importance; authors like Gray (1940), Ammons and
Irion (1954), and Bunch (1938) have suggested, on the basis of experi-
mental data, that much if not all of the reminiscence observed might be
due to this experimental artifact. Ward, by using two groups for the
reminiscence type of study, removed this source of confusion and made
the experiment formally identical with the distribution of practice kind
of experiment. It should be noted that in motor learning this problem
hardly arises. Typically a single presentation of verbal material adds
significantly to the sum total of learning, so that the problem of the
initial test of retention after learning is serious. In motor learning,
however, a single presentation, or a 10-sec run, adds very little to the
amount learned, so that no correction is required. Hence, Kraepelin did
not encounter this particular problem which is more or less exclusive to
verbal learning.

It would be more in line with Kraepelin’s expressed suggestion if
we made it a habit to introduce the spaced group shown in Figure 1-9 as
a control group, i.e., a group where we could be reasonably sure that no
fatigue/inhibition had been allowed to arise, and which therefore gave
as accurate a measure of learning as could be devised. As Rivers and
Kraepelin (1895, p. 643) put it, “am wiinschenswerthesten ware es
villeicht, von dem reinen Uebungswachs auszugehen, wie er sich ohne
Ermiidungswirkungen und ohne Uebungsverlust gestalten wiirde.
Dazu wirden Versuche gehoren, in denen einerseits die Ermiidung
vollkommen ausgeglichen ware, wahrend andererseits der Uebungs-
verlust noch keinen nennenswerthen Einfluss ausgetibt hatte.” Such an
experimental arrangement would thus add considerably more to our
knowledge in any particular case than would a control group with
massed trials throughout; in particular, we would be able to obtain
information regarding the permanent (or semipermanent) amount of
inhibition (slz) at every point of the practice curve. The lack of either
reminiscence or forgetting shown in Figure 1-9 (to be discussed in
detail presently) suggests that for pursuit-rotor practice at least the
distribution used may be optimal for the purpose suggested; it does
seem to fulfill the requirements stated by Kraepelin. [10-sec trials were
separated by 30-sec rest pauses (Eysenck, 1956). The lower curves show
marked practice effects, with two rest pauses of 10 min each.]

Kraepelin expressly rejected the concept of inhibition, preferring
that of fatigue. Other psychologists working around the turn of the
century did not share this preference, and Ranschburg (1902, 1905) in
particular, may be credited with working out the basic nature of the
concept along lines which still sound modern and acceptable. His
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Figure 1-9. Pursuit-rotor scores obtained during massed (lower curves) and spaced (upper
curves) practice. Taken with permission from Eysenck (1956b).

experiments were very simple: series of from 2 to 6 digits were exposed
tachistoscopically and had to be reproduced by the subject. Ranschburg
noted that certain arrangements of digits produced large numbers of
errors, and he particularly singled out the presence of “homogeneous
elements,” by which he understood two identical or similar numbers in
close proximity. He expressed this fact as a general law: “Heteroge-
neous stimuli which are presented simultaneously or in quick succes-
sion have a lower threshold than do homogeneous stimuli.” This is not
too dissimilar to Hull's (1934) statement of the law of inhibition:
““Whenever any reaction is evoked in an organism there is left a condi-
tion or state which acts as a primary, negative motivation in that it has
an innate capacity to produce a cessation of the activity which produced
the state. . . . We shall call this state or condition reactive inhibition. . . .
The reaction decrements which have been attributed to reactive inhibi-
tion obviously bear a striking resemblance to the decrements which are
ordinarily attributed to ‘fatigue.’ It is important to note that ‘fatigue’ is
to be understood in the present context as denoting a decrement in
action evocation potentiality, rather than an exhaustion of the energy
available to the reacting organ.” Except for the link with motivation
(which is of doubtful value, and which has little experimental support)
Hull’s definition and Ranschburg’s are formally identical, although the
expression of this identity follows slightly different lines.® And consid-

6 Even the motivational nature of reactive inhibition finds an echo in Rivers and Kraepe-
lin (1895, p. 639), who write that “wenn man will, kann man in dem Schwinden des
Antriebes ein Kennzeichen flir das Auftreten der Langenweile (sic!) sehen”; thus bore-
dom, which is considered the subjective aspect of reactive inhibition, is here connected
with a lowering of drive or motivation. Kraepelin knew of course that boredom was far
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ering the homogeneity of the material used in his experiments, Kraepe-
lin too might have considered this ““inhibition” analogous to his
“fatigue’”” in important ways.

Let us now consider a typical modern experiment, already men-
tioned above, contrasting spaced and massed learning on the pursuit
rotor (Eysenck, 1956). Figure 1-9 shows the results of this experiment in
which the lower set of curves presents the mean time-on-target scores
during successive 10-sec intervals of 50 Ss; 3 sets of 30 massed trials are
separated by 10-min rest pauses. The upper set of curves consists of 10-
sec trials separated by 30-sec rest pauses; after 300 and again after 600
sec this group was also given 10-min rest pauses. How would Kraepelin
have explained the findings, using only concepts expressly put forward
by him and his students?

The very marked improvement in performance of the distributed
group he would have considered due to practice (learning); the failure
of the massed group to achieve equally good performance he would
have considered due to fatigue (inhibition). This fatigue dissipates
during rest, thus producing the reminiscence effect, denoted I in the
figure after Hull’s symbolic representation of reactive inhibition. The
failure of the lower curve to reach the upper curve even after rest
Kraepelin would have explained in terms of his semi-permanent fatigue
(inhibition); this effect is denoted sl in the diagram after Hull’s sym-
bolic representation of conditioned inhibition, which is also supposed
to be permanent (unless extinguished by suitable experimental manip-
ulation). The rapid post-rest rise (PRU) Kraepelin would have attrib-
uted to the regaining of set lost during rest (warm-up); PRD he would
have attributed to the rapid accumulation of fatigue, possibly adding
semi-permanent fatigue to that due to the resumption of practice. The
failure of reminiscence to appear in the distributed group would not
have surprised him, in view of the lack of fatigue accumulated by that
group, with its frequent long rests.

The upper curve in Figure 1-9 corresponds reasonably well to
Kraepelin’s requirements for a “pure’ learning curve, i.e., one in which
the influence of fatigue has been eliminated through mixing short
practice periods with long rest periods. The difference between the
curves at any point would serve him as a measure of fatigue, except

from being an infallible sign of poor performance; his experiments showed “dass die
Leistungsfahigkeit durch die Langeweile, wenn iiberhaupt, so doch in weit geringerem
Masse beeinflusst worden ist, als durch das Verhaltniss zwischen Arbeit und Erho-
lung.” (1895, p. 632.) In other words, boredom is effect, not cause, of performance; work
produces a lowering of drive, and this is (sometimes) felt as boredom.
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where “warm up decrement” added its effect to those of fatigure. How
does fatigue produce work decrement? Kraepelin would have appealed
to metabolic factors (probably erroneously, as we have pointed out
above), and he might also have drawn on the work of Voss to explain
that frequent ““blocks” or involuntary rest pauses produced by fatigue
would reduce the total work output. These rest pauses themselves, he
might have argued, were very likely the product of metabolic waste
products. This general theory, here only sketched in lightly, is not very
dissimilar to that offered 50 years later by Ammons (1947), or by other
writers of that period who followed Hull in his general theoretical point
of view (Kimble, 1949). Was there any viable alternative theory in
existence around the turn of the century?

AN EARLY CONSOLIDATION THEORY

Miiller and Pilzecker (1900) advanced the hypothesis, based on their
extensive work in nonsense-syllable learning, that ““Jede Vorstellung
besitzt nach ihrem Auftreten im Bewusstsein eine Perseverationsten-
denz, d.h. eine im Allgemeinen schnell abklingende Tendenz, frei ins
Bewusstsein zu steigen” (1900, p. 58). This perseverative tendency,
which was assumed to pertain to any image, idea, or other content of
consciousness, had a physiological basis and served to strengthen any
associations formed during learning. “Nach dem Lesen einer Silben-
reihe dauern gewisse physiologische Vorgange, welche zur Verstar-
kung der beim Lesen der Reihe gestifteten Associationen dienen, mit
allmahlich abnehmender Starke eine gewisse Zeit hindurch nach”
(Mdiller & Pilzecker, 1900, p. 196; sentence slightly rearranged). This
process of perseveration interferes with the learning or reproduction of
other material originally learned. The authors specifically use the
term “consolidation” (“’consolidirung’; 1900, p. 97), and spell out the
hypothetical interference effects mentioned above. They also explicitly
mention the possibility that this process of consolidation might lead to
some form of reminiscence, and conclude that while this is possible it
it not always and under all conditions essential that such reminiscence
should be found. “Die durch das Lesen einer Silbenreihe bewirkten
physiologischen Effecte, welche den Associationen der Silben zu
Grunde liegen, haben eine Tendenz, nach Beendigung des Lesens
schnell zurtickzugehen. Diesem Riickgange wirken die Persevera-
tion-stendenzen entgegen; sie verlangsamen ihn, sie brauchen ihn aber
nicht in sein Gegentheil umzuwandeln.” (1900, p. 197.) Thus Miiller
and Pilzecker put their finger on the precise point which has led to so
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much difficulty in demonstrating reminiscence in verbal learning;
forgetting (interference?) is so rapid that consolidation can often only
retard it, but cannot overcome it and produce positive reminiscence
effects. The authors did not attempt to apply their notions to motor
learning, but here, of course, forgetting (interference?) is so much
less marked that the theory could be used to predict strong reminiscence
effects. However, no such use was in fact made of consolidation theory
until much later, and there would be little point in entering into a more
prolonged discussion of this theory here.

It may be worth while at this point to mention the possibility that
inhibition and consolidation theories can explain different aspects of
the reminiscence phenomenon along their different lines. As we have
seen in Figures 1-1 and 1-2, reminiscence may refer to the restitution of
performance to its previous level, from whence it has dropped during
the course of massed practice, or it can refer to an increment in perfor-
mance above the highest level previously reached. Possibly fatigue/
inhibition, and its dissipation, lie at the base of the former phenome-
non, and perseveration/consolidation at the base of the latter. In many
cases, as already pointed out, both phenomena may be at work, and
hence both explanatory concepts may be needed. Later discussion will
attempt to clarify the points here raised.

The theoretical concepts used by Miiller and Pilzecker sometimes
read as if they had been cribbed from such writers as Walker (1958), just
as Kraepelin’s discussions sometimes sound as if he had been a disciple
of Hull. There is one further point in Miiller and Pilzecker’s work which
has proved of great and prophetic importance: their stress on individ-
ual differences. Like Kraepelin, Binet, Pavlov, and other writers at the
time, Miiller too had not yet succumbed to the schizophrenic modern
tendency of making a water-tight boundary between ‘“Experimental”
psychology (figuratively spelled with a capital E) and personality study,
as if the phenomena studied under varied experimental conditions
could ever be divorced from the personality of the individuals exposed
to the experimental stimuli. Hence many cogent and interesting obser-
vations of such individual differences are recorded, and Muller and
Pilzecker conclude that ““da die Perseveration bei verschiedenen Indivi-
duen verschieden stark ist, so zeigen sich erfahrungsgemass auch die-
jenigen Seiten des geistigen Lebens, denen die Perseveration dient, bei
verschiedenen Menschen verschieden entwickelt . . . Es ist leicht zu er-
kennen, dass Individuen mit starker Perseveration in einem Berufe,
welcher einen schnellen und haufigen Wechsel der Richtung der
Aufmerksamkeit, eine schnelle Erledigung zahlreicher ganz ver-
schiedener Geschiéfte verlangt, mit ihren Fahigkeiten nicht am
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rechten Platze sind.” (1900, p.77.) Elsewhere our authors point out
““dass eine starke Perseveration auch fiir den Charakter von gewissem
Einflusse sein muss,” (1900, p. 73) and that “starke Perseveration
schliesst die Fahigkeit aus, die Aufmerksamkeit schnell von einem
Gedanken- oder Beschaftigungs-kreise ganzlich zu einem anderen
tibergehen zu lassen” (1900, p. 72). Several examples of these generali-
zations are given by reference to everyday behavior patterns of experi-
mental subjects showing strong or weak perseveration in the experi-
mental situation.

These suggestions were later taken up by Gross (1902, 1908) of
Vienna, and by Heymans (1908) of Holland, who constructed a theory
of personality on this basis; Spearman (1927) introduced these notions
into England and designed various measures of “’perseveration’’ as tests
of personality. The theory of individual differences in perseveration
also links up with Wundt’s theory of personality, in which the dimen-
sion of ‘‘changeable-unchangeable’’ plays an important part; as
Eysenck (1967) has pointed out, this dimension is descriptively very
similar to that of extraversion-introversion. The intimate historical
link-up between this concept and the notion of perseveration has been
traced in some detail by Eysenck (1970). We shall come back to these
notions in a later chapter, and see that much of what Miiller and
Pilzecker had to say on the relation between learning, memory, persev-
eration, and personality has in fact been verified by modern methods of
research.

One further point may deserve mention. Miiller and Pilzecker
attempted to locate the seat of the perseveration/consolidation phenom-
enon by pointing out its similarity to the sterotyped, repetitious behav-
ior resulting from the varied disorders of the subcortical motor centers;
it was with these, therefore, that they associated perseverative tenden-
cies. More recent work suggests that consolidation is intimately con-
nected with the activity of the ascending reticular activating system,
which also provides the physiological background for the phenomena
of “attention” playing such a large part in the explanatory and descrip-
tive writings of Kraepelin and his followers. A more detailed discussion
of these points will also be given later on.



CHAPTER 2

The Pursuit Rotor: An
Apparatus for All Occasions

Much if not most of the work on motor reminiscence has been done on
the pursuit rotor, and in fact our account in this book is very much
concentrated on this particular apparatus. This choice may seem some-
what paradoxical; is not verbal learning of more interest than motor
learning, and is not concentration on one type of apparatus lacking in
generality? The obvious answer would be that motor learning results in
replicable, clear-cut, and coherent findings which are of obvious inter-
est and relevance to psychology, results which furthermore can be
integrated theoretically with findings from many other areas such as
conditioning studies. Reminiscence in verbal learning is much less
reliable, as we shall see, and, although of course no less worthy of
attention for that reason, may be just a little too complex and obscure to
form the basis for a proper quantitative treatment. It is possible that the
general laws and theories of motor learning may be capable of extension
to the more complex field, possible with certain modifications or addi-
tions; if so the preference for starting with the simple, rather than with
the complex, is probably justified. Even should this hope not be justi-
fied, and should reminiscence and other learning phenomena follow
quite different laws when verbal rather than motor behavior is at issue,
the choice of preferring the simple over the complex would still be
justified; it would give us a secure starting point from which to evaluate
similarities and differences. Arguments such as these cannot of course
prove our choice to have been correct; they are offered rather to make it
more acceptable.

37
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As regards concentration on one particular piece of apparatus
within the field of motor reminiscence, it might be said that the choice
has been forced upon us by the fact that published work has (wisely)
concentrated on the pursuit rotor. It is not always realized how
advances in science can be speeded up or retarded by suitable or
unsuitable choice of experimental paradigm, apparatus, or animal.
Pavlov would almost certainly not have succeeded as well as he did had
he concentrated on cats, or rats, rather than on dogs; much of current
American animal work would probably be much more relevant to
human psychology if laboratories had concentrated more on dogs than
on the cheap and ubiquitous rat! A clear-cut example of the superiority
of one and the inferiority of another experimental choice comes from
the work of Gregor Mendel, who is credited with discovering the
mechanism of heredity, and who laid the foundations of modern
genetics. Mendel concentrated exclusively on Pisum, and in particular
he studied two clear-cut characteristics of his plants: Tall vs dwarf, and
smooth vs wrinkled. (He actually studied seven pairs of characters,
including in addition to those mentioned differences in the color of the
cotyledons, the tint of the seed coat, the shape of the ripe pods, the tint
of the unripe pods, and the difference in the position of the flowers—
axial or terminal.) Pisum is ideal from the point of view of Mendel's
objective, and his clear-cut results owe much to this inspired choice.

Mendel was much impressed with the fame and authority of C.
Nageli, to whom he sent a copy of his published work on Pisum; Nageli,
in his letter of 25 February 1867, recommended Mendel to work on
Hieracium instead, which Mendel proceded to do (Iltis, 1966). Unfortu-
nately Hieracium was an extremely bad choice from Mendel’s point of
view, because of the apogamous development of its ovules; Mendel
never really got anywhere with his breeding studies and his analyses.
Had he started out with Hieracium rather than Pisum, it is safe to say he
would never have discovered the laws which bear his name. Neither he
nor Nageli could have known at the time how complex Hieracium really
was; the suggestion for research workers which emanates from this
story is surely that when a particular apparatus, design, or animal (or
plant!) gives good, clear-cut, replicable results, then it is wise to persist
with this particular choice and not depart from it except for a very good
reason. This is not to say that at some stage efforts should not be made
to advance beyond the original type of study and extend the laws found
there to other designs, organisms, and pieces of apparatus; all this
should be done, but preferably from the safety of an impregnable,
assured position, and in full knowledge of the elementary laws pertain-
ing to one’s original choice. Note will be taken throughout this book of
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work on reminiscence not using the pursuit rotor, but our main effort
will be directed towards the construction of a quantitative theory of
pursuit-rotor reminiscence.

The insistence on a quantitative theory is important; it derives from
the impatience which one must feel with the purely qualitative type of
argument which has pervaded the field since Kraepelin’s pioneering
work. Given concepts like fatigue/inhibition, drive, practice/learning,
and warm-up it is possible to account for any observed (or imagined!)
work curve by reference to certain combinations of these. When every-
thing can be explained, nothing can be predicted; it is only when we
begin to fit constants to our equations, and specify precisely the condi-
tions under which our theoretical concepts may be presumed to work,
that we are advancing beyond a purely verbal type of explanatory stage.

The pursuit rotor appears to have originated with the ““pursuit
pendulum” of W.R. Miles (1920), which was constructed in response to
aviation student selection needs during the first World War. In the
spring of 1917, working at the Nutrition Laboratory, Miles tested avia-
tion candidates by means of a pendulum which subjects, head secured
in a head rest and left eye covered, were instructed to follow with their
eyes; “six or more successive trials by a subject were photographed side
by side on one plate’”” (Miles, 1920, p. 361.) Miles comments that it was
not easy to score these records, but found it ““convenient to rank these
photographic records showing the reaction time occurring at the start of
the pendulum’s swing, together with the number and size of abrupt
horizontal movements by which the subject supplements his inade-
quate pursuit, into five grades or groups of excellence. Such grouping
gave a positive correlation of 0.40 with the subsequent progress of these
men in learning to fly”” (1920, p. 361.) The apparatus was much too
laboratory-bound to be of practical use, and Miles constructed a more
robust, nonphotographic version in which the pendulum dispensed a
stream of water through a nozzle during its swing; this the subject
attempted to catch in a metal “cup of limited diameter.” The water came
from a large reservoir, containing sufficient fluid to make the change in
position of the center of gravity which occurred with the outflow of
water rather unimportant. The score was the amount of water caught in
the cup during one 2-sec swing of the pendulum, back to its starting
point; the next swing was started when the subject had put down the
cup, had taken an empty one and had signaled his readiness. Miles
gives a figure which shows average results for 10 women and 8 men
tested on 35 days with 20 catches per day’s practice, as well as the
variability of the group (standard deviation divided by mean); as mean
performance rises to 75% of the possible catch, variability falls.
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Miles notes the extreme individual differences in ability to perform
on his pendulum. Since Hilgard introduced Freud as an outstanding
learning theorist in his well-known book, Theories of Learning, the
temptation has been irresistible to subject the pursuit pendulum to a
dynamic analysis. The extremely symbolic nature of the test springs to
the eye without prompting; a rigid, elongated instrument ejaculates a
fluid into a cup-shaped container. Clearly performance would be inter-
fered with by castration anxiety in men and penis envy in women; thus
the unresolved Oedipus complex must be assumed to lie at the basis of
poor performance on this test. (Alternative theories will be considered
later.) Conversely, it may be argued that clinical psychology has lost a
valuable measure of dynamic personality characteristics by throwing in
its lot with the Rorschach; the pursuit pendulum would seem to offer
far greater possibilities. Possibly the rejection of the pendulum in favor
of the pursuit rotor (to which we shall turn next) is also due to dynamic
resistances on the part of the censor; the sexual nature of the test is too
overt to go by unnoticed. In the pursuit rotor too, of course, we have a
pointed, rigid instrument homing on a round, fleeing target; in addi-
tion there is the grinding and bumping movement of the subject as he
bends to the task, reminiscent of the expert stripper at work. (Interest-
ing possibilities of the pursuit rotor as a selection test are raised in this
connection.) Altogether, this side of experimental work has unfortu-
nately been investigated too little to permit any longer discussion; it is
hoped that these suggestions may be taken up by others more compe-
tent to judge them, and carry out the needed experimental work.

Miles mentions in a footnote (1920, p. 366) that ““Professor Carl E.
Seashore informs me that, after trying the original test at the Nutrition
Laboratory, he has arranged a very successful combination for testing
motor ability to perform circular movements, but using a phonograph
motor, a time-interrupted circuit, and an electric counter.” This instru-
ment is described in detail by Wilhelmina Koerth (1922), whose short
paper is the first to show the apparatus as we now know it (if with
certain rather primitive measurement characteristics). Figure 2-1 is
taken from her paper; ‘‘the apparatus consists of a rotating wooden disc
carrying a polished target and commutator with flexible contact, a
Veeder counter operated by magnets, a control key, a hinged pointer, a
storage battery, and a small phonograph. The wooden disc, 17.5 cm in
diameter, and 2.2 cm thick, rests firmly on the phonograph plate,
revolving with it. The brass target, 1.9 cm in diameter, is sunk flush
with the surface of the disc 8 cm from the centre. A commutator to
govern the counter is provided by ten brass plates sunk in the edge of
the disc in such a way as to present a smooth surface of alternating
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Figure 2-1. Original Koerth pursuit rotor, redrawn after picture in Koerth (1922). (a)
Wooden disk; (b) brass target; (c) commutator; (d) flexible contact; (e) Veeder counter; (f)
magnets; (g) control key; (h) battery; (i) hinged pointer; (j) phonograph; 1 and 2: binding
posts.

metal and wood to a flexible contact. The plate and target are connected
by concealed wires. The disc is stained dull black and all metal parts are
highly polished.” (Koerth, 1922, p. 288.) The pointer is hinged to avoid
the possibility of the subject slowing down the rotating disk by press-
ing down on it.

Administration and scoring are rather cumbersome and lacking in
refinement. The subject is shown the apparatus, practices on it for a
couple of minutes in a rather uncontrolled manner, and finally begins
practice proper when given the starting signal; this coincides with the
closing of the control key. The key is kept closed for 20 sec, then the
order “stop” is given and the key is released. The number on the
Veeder counter is recorded pre- and post-practice. Five trials are given
as rapidly as possible; then a 2-min rest is allowed, followed by another
5 trials, etc., until 20 trials have been given. This ““number of Veeder
counts per rotation” is not a recommended method of scoring; it clearly
makes proper massing of trials (zero distribution) impossible if we
wish to have scores integrated over smaller units of time. Renshaw and
Weiss (1926) introduced the more familiar continuous time-on-target
type of score, and this has been used almost exclusively ever since.
Only quite recently have attempts been made to record number and
length of hits and misses in addition to time-on-target integrated over
10-sec periods (Frith, 1968).

Humphreys (1936), Travis (1936), and Bell (1942) were among the
early workers who used pursuit rotors similar to the one used by
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Koerth; in addition there were a number of alternative versions. Thus
Renshaw and Weiss (1926) and Renshaw and Schwarzbeck (1938) used a
pursuit meter; ““its essential features consist in a cam and gear mecha-
nism which drives a small electrode in a complicated pattern of chang-
ing directions and rates. The path of this target electrode covers an area
of about 6 by 8 cm. The subject contacts this electrode with a similar one
held as a stylus in his hand. The handle of the stylus is rigid. Each of the
electrodes is so rounded that about nine degrees tilt of the handle in any
direction breaks the contact. If the subject fails to maintain contact
accurately, the mechanism which drives the electrode stops and an
error is recorded. The subject’s task consists in keeping the electrode
constantly in motion.” (Renshaw & Schwarzbeck, 1938, p. 7.) Practice
was in terms of cycles, identical with each other in terms of movement
of the electrode; each cycle contained 63 revolutions of one of the driver
pinions, resulting in nonduplicated patterns of movement of the target
electrode.

Independently of Koerth, Wishart (1923) in Scotland designed a
linear type of pursuit rotor in which an irregular movement of the target
along a single dimension is produced by an irregularly cut cam which
activates a rocker; tracking is by means of a pressure-activated lever
system. Measurement of time-on-target is rather ingenious; contact
with the target causes a current to flow through an electromagnet whose
cylindrical armature is held clear of a rubber tube, thus allowing water
to flow from a container to a graduated vessel. Disruption of contact
closes the rubber tube, and the flow of water is stopped. Hence the
amount of water collected in the vessel during unit time provides an
accurate measure of time-on-target. Buxton and Henry (1939) appear to
have been the only psychologists to have used this type of pursuit
meter.

Travis (1936) used a pursuit oscillator of his own design. ““A small
platform (15 cm by 20 cm), carrying a silver target (11 mm in diameter)
sunk flush with the surface of the platform, was mounted on a pivoted
support to permit the platform to oscillate through an arc. In the present
study the platform was oscillated through an arc of 13 degrees by a
synchronous motor attached to a pulley and crank at the constant rate of
one complete oscillation per second. . . . The task of the subject was to
stand before the oscillating platform which was about wasit high and to
hold a gravity-stylus on the oscillating target. . . . If the subject held the
gravity-stylus on the oscillating target continuously the electric marker
made ten deviations per second on the smoked drum by virtue of the
electric circuit through synchronous motor timers which permitted ten
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electrical contacts per second. A continuous record of the subject’s
performance was made on a spiral kymograph.”’

Many other variations were tried, but only those which resulted in
work relevant to various theoretical points will be noted as they occur
naturally in the course of our inquiry; no attempt will here be made to
trace the history of perceptual-motor skills apparatus. Most of the work
to be discussed was done with pursuit rotors having a bakelite top,
with inset metal disk, rotating at sixty revolutions per minute; contact
was made with the aid of a hinged metal stylus, and recorded on some
form of electric chronoscope which was activated while the touch of
stylus on disk made the electric circuit, and disactivated when contact
was lost and the circuit was broken. Usually two clocks were used in
turn, being thrown into circuit and out of circuit every 10 sec, thus
allowing the experimenter to read off the score from the clock not in
use, and zero it (or have it automatically zeroed). Details of how this
recording was accomplished in each case are of no great interest, except
that in many cases when only one clock was used this imposed certain
restrictions and inaccuracies on recording. In any case, as Ammons
(1955a, p. 73) has pointed out, “‘no experimental article specifies the
components of the scoring unit sufficiently exactly to allow reproduc-
tion.” Apparatus articles, like those of Eckles (1951), Melton (1947), and
Seashore (1928) do give adequate information.

Altogether, Ammons (19554, p. 74) is undoubtedly right in saying
that reporting of apparatus details in work with the pursuit rotor has
been seriously deficient; he made a survey of the handling of 18
variables in each of 28 pursuit studies, and found that ““at the most, the
handling of 9 variables was adequately described, while two articles
failed to specify handling of any of the variables.” Among the variables
he considered are target size [shown by Helmick (1951) to be relevant to
performance], direction of target rotation, rate of target rotation [also
found by Helmick (1951) to be relevant], target distance from center,
target material, target surfacing, target—turntable articulation, stylus
handle (size, shape, and material), stylus arm (size, shape, and mate-
rial), stylus tip (shape and composition), weight of stylus tip on turnta-
ble, total weight of stylus, size of turntable, its material and surfacing,
scoring unit, and height of turntable surface. Some of these are unlikely
to be very important; stylus length for instance seems largely irrelevant
(Ammons, 1955b). But until standardization has eliminated the need for
accurate reporting, it remains true that duplication of experimental
work is impossible unless much greater care is taken by authors to
report details of their apparatus and experimental setup, and unless
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editors become resigned to give up more space for the purpose. Psy-
chology falls far short of, for example, physics in its concern with
replicability in this respect.

Much the same may be said with respect to maintenance. Speed of
rotation should be checked daily, as quite marked changes may and do
take place unless care is taken. The surface of the turntable becomes
pitted, as does the disk itself; furthermore the alignment of the two can
easily be upset, so that the transition from one to the other is anything
but smooth. The tip of the stylus can become abraded, making continu-
ous contact hazardous and uncertain. Connections from the target disk
internally are difficult, and may deteriorate with time; they are at all
times subject to disturbances and minute interruptions. The contacts
between stylus and disk are also easily disturbed; dust and dirt from
the surface of the turntable are easily picked up by the stylus and may
interfere with the electric contact. Frequent cleaning with carbon tetra-
chloride is indicated. Published work does not always indicate whether
all these precautions have been taken, and frequently appearances
suggest that they have not. As much of the work reported in subse-
quent chapters comes from our own laboratories, our standard practice
may be worth stating.

The apparatus consists of a brown turntable of 10 in diameter,
rotating in a clockwise direction at 60 rev/imin. A “‘target” 7o in in
diameter is set with its center 314 in from the center of the turntable,
and flush with its surface. The subject is required to keep the tip of an
articulated stylus in contact with the target while the turntable rotates.
The stylus, of total weight 2 oz, consists of a circular plastic handle 4%-
in long, with a guard set 1 in from the end of the handle. An exten-
sion rod (6 in long, %o in in diameter and with an 85° bend 1 in from
its end), hinged so that only its weight rests on the turntable, projects
from the guard. The steady contact between stylus tip and target
closes a circuit to two recording chronotrons. Time-on-target is in-
tegrated over 10-sec periods, each period being termed a trial, and is
registered alternately on one of the chronotrons, an automatic switch-
ing device bringing the other into action at the end of every trial.
Height above the ground of the turntable is 35 in, and light is either
natural (but not direct sunshine) or nonglare artificial light; it is not our
impression that height of surface or amount of light are, within reason-
able limits, very crucial parameters of performance. Apparatus is
checked daily, and cleaned at regular intervals. Minor deviations from
these specifications, when they occur, are described in the relevant
research reports.
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Two important improvements have taken place in the construction
of pursuit-rotor apparatus in recent years, and may be noted here
briefly. The first is the introduction of multiple-target disks, and the
second is the introduction of light-sensitive cells as recording devices,
coupled with moving light sources as targets. Multiple-target disks
consist of the central metal disk, surrounded by metal annuli, circular in
shape and insulated from the central disk and from each other; disk and
each ring are separately connected to recording chronotrons so that it
becomes possible to read off time-on-target for each of the targets (disk
and rings) separately. The number of such rings may be small, as in the
case of the Maudsley Multiple Pursuit Rotor (e.g., Gray, 1968), or it may
be quite large, up to 19 concentric bands, as in the case of the Hum-
phries’ (1961) apparatus. The reasons for having these additional targets
are associated with measurement theory, and will be discussed later in
this chapter. There are obvious advantages associated with the more
analytic recording made possible by multiple targets, but the labor
involved in analysis rises proportionately.

One of the most unsatisfactory features of the orthodox metal-
stylus—metal-disk contacts is the failure of the contact to be truly
continuous. The stylus, being rather light, is easily made to bounce and
jump by slight departures from perfect flatness in the disk, or by slight
differences in height between the disk and the turntable; in addition,
dirt collected by the stylus may prevent perfect contact. The inaccura-
cies introduced in this manner are not, in all probability, very large
when all we want to record is the mean time-on-target over a specified
period (although even here little seems to have been done to ascertain
the actual error introduced by mechanical imperfections of this kind).
However, as we shall see later, it may be of interest to measure the
duration and number of hits and misses somewhat more analytically;
for many theoretical problems this additonal information can be vital.
Errors introduced through faulty recording may completely vitiate rec-
ords so obtained, and thus make testing of theoretical predictions
impossible. This is particularly true when information from the rotor is
fed directly into a computer, as in our later studies; the very fact that the
on-line computer works at a very high level of accuracy makes it
extremely sensitive to errors and deviations in recording which the
rather insensitive chronotron would have disregarded. Consequently,
it has become useful to substitute a glass-covered light bulb for the
disk, and a light-sensitive cell mounted at the end of a traditional stylus
for the metal-tip used in the past; this connection in our experience is
not subject to the criticisms made above of the metal-to-metal contact.
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For on-line computer recording this new method is almost mandatory if
useful results are to be obtained.

This method also has the advantage that different targets and
target paths can be easily prepared, as in the commercially available
““polar-pursuit trackers”” (Research Media, Inc., 163 Eileen Way, Syos-
set, New York 11791). In these, the light source for generating the target
is a twin circular fluorescent lamp. Mounted over the lamp is an opaque
disk which contains a radial slit which is rotated at an adjustable speed;
the disk blocks all light but that which passes through the slit, creating
a constantly rotating light source. A glass, covered with opaque tape, is
located immediately above the disk. The target path or pattern is made
by cutting and removing the tape as desired. The intersection between
the slit and the pattern on the glass forms a “window” through which
the light can pass as the disk rotates. (If the target path is other than
circular, the resultant target velocity will be nonlinear, and the target
shape changeable.) Detailed studies using this apparatus have been
reported by Frith (1969); we will return to this work in a later chapter.

The actual reminiscence score often used by workers is the differ-
ence between the last pre-rest trial and the first post-rest trial. This
practice gives rise to many problems. When trials are short (e.g., 10 sec)
they are also rather unreliable, i.e., subject to many chance factors, and
the taking of a difference between two such unreliable scores results in
a measure even more unreliable. If longer trials are used (30 or 60 sec)
then reminiscence and PRU are mixed up to such an extent that it
becomes very difficult to sort out which is which. This difficulty is also
attached to 10- sec trials, of course; even during such a short period one
must admit at least the possibility that PRU is taking place, a point
which could easily be proved by separately scoring the first and the
second 5-sec periods of the 10-sec trial. But the amount of PRU involved
is minimal with short trials, and individual differences in PRU will not
exert too much influence; with longer trials this is no longer true. On
the whole it seems preferable to record and plot 10-sec trials to indicate
the trend of results; if desired, it is then always possible to combine
these trials into longer ones, while it is not possible to chop longer trials
up into smaller pieces. Longer trials are admissible for the pre-rest
portion of the difference score, as this usually shows little in the way of
dramatic change; it has been our practice to use the difference between
the average of the last 3 pre-rest 10-sec trials and the first post-rest 10-
sec trial in our work, with occasional exceptions which are duly noted.
Other methods of scoring derive from theoretical notions about the
nature of PRU and will be dealt with in a later chapter; altogether,
measurement is obviously dependent on theory, good theories give rise
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to proper measurement. Equally, we cannot formulate good theories
before having some measures to guide us, if only in a rough and ready
way. Theory and measurement go hand in hand, and improvement in
one leads to improvement in the other.

One additional point of technique should be mentioned here, as it
affects the measurement of reminiscence. In comparing the terminal
pre-rest and the initial post-rest trials, we are strictly in error because
the last pre-rest trials starts with S already moving with the target, and
possibly actually on target; in the first post-rest trial he starts by
standing still, and cannot possibly be on target. To make conditions
more properly comparable it has become customary to precede the first
10-sec post-rest trial by 2 sec of (unscored) practice, so that the com-
mencement of the first trial post-rest finds S already moving properly
with the target, and possibly on target, i.e., in a condition identical
with that found on the last pre-rest trial. Two seconds of unscored
practice means 2 rotations of the turntable, and seems to be sufficient
for our purpose.

With pursuit-rotor apparatus as described, learning curves are
obtained which usually include a pre-rest period of massed practice, a
rest period, and a post-rest period; these may conveniently be referred
to as P;, R, and P,. Conventionally the lengths of these periods are
indicated by writing them in this fashion: 5 - 10 - 5, meaning that a pre-
rest period of 5-min practice was followed by 10 min of rest and then
another period of 5-min practice. The main alternative to the practice-
rest-practice paradigm, which is of course the classic one for reminis-
cence, is the distributed practice paradigm, in which a number of
practice periods are separated by a number of rest periods; differences
in distribution (i.e., in the length of the rest periods) throw much light
on theories of reminiscence, and are treated in detail in another chap-
ter. Both paradigms are illustrated in Figure 1-9. Typically the results in
that figure are given in the form of means; this is perhaps inevitable but
it has certain dangers which may be noted with advantage as they
impose certain restrictions on the conclusions which may be drawn
from such data.

It is of course well known that the average curve of learning, or
performance, may be quite unlike any of the averaged individual
curves; if learning is of the single trial kind, and if the trial on which
learning occurs differs from person to person, then the mean curve will
assume a regular, negatively accelerated shape which bears no relation
to the shape of the individual curves. Fortunately this is not the
position in pursuit-rotor learning; individual curves, although of
course rather irregular, tend to be similar to each other, and to show the
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same features as mean curves. Up to a point, then, we may be justified
in reporting mean scores, and relegate individual differences from this
average to the error variance.

Experience suggests that performance scores on the pursuit rotor
are reasonably reliable, and the literature bears this out; reliabilities are
usually above .90 when practice is continued over more than a few
minutes, and even higher values are often reported, as we shall see
later. Thus, there are marked differences in ability on the test, using
this term to mean differences in performance level, and these differ-
ences in performance level are maintained from the beginning to the
end of learning (at least, as long as learning does not reach asymptotic
values; what happens then is not really known). It is possible that
persons of lower ability, as defined by scores achieved during the first
few minutes, have lower asymptotes than persons of higher ability, and
some observations by S. B. G. Eysenck (1960) suggest that this may be
so. However, the possibility that asymptotes may converge is not
absolutely ruled out; this is still a fairly open question on which
information would be useful. Up to the time that asymptotic values are
reached, however, Ss preserve their rank order, and hence it is useful to
talk about individual differences in ability, and to wonder whether
these differences are entirely due to learning previous to the first trial
on the rotor, or whether hereditary differences play an important part
in producing these individual differences. Two studies are available
which strongly suggest that hereditary factors play an overwhelmingly
strong part in phenotypic performance.

In a classic study, McNemar (1933) used the Koerth pursuit rotor,
the Whipple steadiness tester, the Miles speed drill, the Brown spool
packer, and a card sorting task on 44 pairs of male high-school fraternal
twins and 46 pairs of male high-school identical twins. The main results
of his study are brought together in Table 2-1, which gives the intra-
class correlations for monozygotic and dizygotic twins, Holzinger’s
heritability measure, the test reliabilities, and the observed correlations
of each test with age. It will be seen that the pursuit rotor has an
extremely high reliability, falling short of unity only by an insignificant
amount (r = 0.99); all the other tests are also highly reliable. All
correlations with age are positive, but not very high, averaging around
.3 for the pursuit rotor; thus performance increases with age in high-
school students, as one might have expected. Monozygotic twins corre-
late .96, dizygotic ones .51; this gives a heritability estimate of .90; in
other words, the within-family variance is determined by heredity to
the extent of 90%. This figure is far higher than those calculated for the
other tests; the reason for these gross differences in heritability is not
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TABLE 2-1. Interclass Correlations and Holzinger Heritabilities, Reliabilities,
and Correlations with Age for Five Motor Tests “

Correlations
Reliabilities with age

Task o D h? M? D¢ M D
Pursuit rotor .96 .51 .90 .99 .99 .27 .34
Steadiness .87 .25 .80 .99 .97 .27 .25
Speed drill .84 45 .69 .98 .97 .20 .51
Spool packing 64 51 25 .96 96 .02 24
Card sorting .77 .51 .46 .95 .97 .41 .37

* Taken with permission.from McNemar (1932).
? Monozygotic twins.
¢ Dizygotic twins.

known. It clearly is not connected with reliability, or with age differ-
ences. Whatever the reason, there can be no doubt from these data that
heredity plays a strong part in individual differences in ability to
perform on the pursuit rotor. The correlation between phenotype mea-
surement and genotype approximates .95!

The only other study relevant to this issue is one published by
Vandenberg (1962), in which 32 pairs of dizygotic and 43 pairs of
monozygotic twins were administered the pursuit rotor, as well as a
number of other motor skills, personality, and cognitive tests. Three
trials for each hand were given in alternating order; the total time
required for each hand is stated to have been 5 min, so that it seems
likely that each trial was in fact of 1-min duration. The Holzinger
heritability values are .52 for the right hand and .32 for the left hand;
they are thus much lower than those reported by McNemar. However,
the performance estimates of the earlier study are much more reliable,
being based on 7 sets of trials, each set consisting of ten 20-sec trials,
making a total of over 23 min of well-spaced practice. (Ss were perform-
ing the various other tasks shown in Table 2-1 during the intervals
between one set of pursuit-rotor trials and another.) In the case of
Vandenberg, only 3 min (i.e., about 13% of the period used by
McNemar) was spent on right-hand rotor learning, and the interpolated
practice with the left hand must be assumed to have added retroactive
and proactive interference factors. Vandenberg’s estimate, uncorrected
as it is for attenuation, must therefore be regarded as very much an
underestimate of the true value; we would probably be justified in
regarding McNemar’s value as more closely representing the true posi-
tion as far as pursuit-rotor ability is concerned.

Vandenberg also reports other motor skills as presenting signifi-
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cant H values: Mirror drawing (.70), Tweezer dexterity (.71), Peg
board dexterity (.58), Hand steadiness (.37—not significant), Card sorting
(.61), and Beam balancing (.48). He also gives an interesting table (1962,
p- 233) in which he compares the percentage of measures in various
areas which failed to give significant heritability values; primary mental
abilities give the lowest value (35%), followed by motor skills (43%)
perceptual tests (50%) and cognitive and achievement tests (61%) come
next, while sensory and musical (62%) and personality tests (68%) bring
up the rear. While these figures obviously depend on the actual choice
of tests, and their mode of application, the results leave no doubt that
even in their rather curtailed form the estimates of motor skill used have
a strong hereditary basis. It is interesting to note, though the interpre-
tation of the fact is obscure, that 42 values obtained on the motor skills
tests for the right hand are nearly always higher than those obtained for
the left hand; the latter are frequently nonsignificant. Could this be due
to greater amount of prior learning with the right hand? McNemar has
analyzed the changes in intraclass correlations with increasing practice;
he finds that correlations remain steady for monozygotic twins, but
increase for dizygotic twins. (Comparing first with last set of 10 trials,
the values are .44 and .60 for the latter, .88 and .87 for the former. h?2
drops from .78 to .67.) Vandenberg does not give intraclass correlations
for his sample, so we cannot tell whether this hypothesis has any merit.
The fact that pursuit-rotor learning is strongly influenced by
genetic factors does not necessarily imply that reminiscence on the
pursuit rotor is similarly influenced, although the probability of such a
contingent association is high. The only study to investigate this ques-
tion directly is an unpublished experiment (A. R. Jensen, personal
communication) in which the pursuit rotor was administered to 35
pairs of monozygotic and 34 pairs of dizygotic twins; thirty 10-sec
massed trials were followed by a 10-min rest period, which in turn was
followed by twenty more 10-sec trials. The reminiscence score (mean of
the first two post-rest trials minus the mean of the last two pre-rest
trials) showed strong evidence of heritability (k> = .86.) Thus the
heritability of reminiscence on the pursuit rotor would seem to be
almost as high as the heritability of ability on the pursuit rotor; in fact,
when corrected for attenuation, the figure for reminiscence might even
be the higher one. Variance due to unreliability (V) is often grouped
with variance due to environmental factors (V), which is hardly logical;
what is at issue is the proportion of the reliable variance attributable to
G and E respectively, and to the various interaction terms (Vgz and
Covgg). No proper biometrical genetical analysis has in fact been car-
ried out in this field, and it is doubtful if the classical Holzinger h?
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statistic can properly be interpreted in terms of what geneticists under-
stand by “heritability” (Mather & Jinks, 1971). The most that we can
really say is that genetic factors play an extremely important part in
causing differences in performance and reminiscence on the pursuit
rotor; the figures should not be interpreted as estimates of heritability
in the genetic sense. Corrections for unreliability would seem an
unnecessary refinement.

Both McNemar and Vandenberg have failed to analyze their results
fully. The early work of Seashore (1930) had already shown that motor-
skill tests correlate together, although not very highly; nevertheless,
there are clearly one or more general factors underlying performance on
such tests, and it would be interesting to know something of the
heritability of such factor scores—particularly as these are known not to
be much influenced by intelligence. McNemar does in fact give the
intercorrelations between his tests; these are somewhat higher than
those reported previously by the authors already cited. Roughly speak-
ing, correlations range from .2 to .5; the lowest is between card sorting
and steadiness, the highest between speed drill and pursuit rotor.
(These correlations have been corrected for age differences.) Correla-
tions with mental age are all below .2, except for the speed drill which is

.37. A rough factor analysis discloses a general factor running through
all the motor tests, with steadiness and card sorting having the lowest
loadings, and speed drill and pursuit rotor the highest. Spool packing is
only slightly less highly loaded on this factor. Vandenberg does not
give the figures needed to calculate similar scores. It does seem that
future studies should concentrate on the task of providing heritability
values for factor scores, rather than concentrate so much on individual
tests; these are of interest, but as Eysenck and Prell (1951) have argued,
factor scores can add considerably to the information provided by
single tests.

Intercorrelations between motor tests can also solve another prob-
lem which is of some importance in considering the ability to perform
on the pursuit rotor, which, as we shall see later, is inextricably mixed
up with reminiscence, PRU, and other aspects of the post-rest perfor-
mance of Ss on the rotor. In fact, there are two not unconnected
problems. To what extent is this ability specific to the test, and to what
extent is it general? To what extent does the test require identical ability
patterns during various stages of practice? No very thorough discussion
of the literature will be attempted, as this would take us too far afield,
but the main articles relevant to the problem will be surveyed.

The first proper factor analytic study of motor tests to supercede the
simple correlational presentations of earlier writers already noted was
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the large-scale work of the Army Air Forces Aviation Psychology
Research Group (Melton, 1947), which will be discussed in some detail
in the next chapter. In the first study to concern us almost 5000 aviation
cadets were tested on a large battery of tests, correlations calculated and
a factor analysis with blind rotation to simple structure was performed.
Several factors are of no interest here, such as the familiar verbal,
perceptual, numerical, spatial, visualization, and mechanical experi-
ence factors. However, a factor also appeared which was labeled ““coor-
dination”’; this has loadings on rotary pursuit (.58), two-hand coordina-
tion (.51), aiming stress (.35), finger dexterity (.35), complex
coordination (.45), and pilot criterion (.34)—the last named, of course,
is not a test in the usual sense, but the criterion which the tests were
used to predict. (Rotary pursuit also had a loading on another factor
which predicted the bombardier criterion.)

Another, later study used 1900 trainees and extracted 6 factors; one
of these was labeled ““psychomotor,” having loadings on the following
tests: complex coordination (.65), two-hand coordination (.56), rotary
pursuit (.55), finger dexterity (.45), rudder control (.43), discrimination
reaction time (.28), and mechanical principles (.27). These analyses
used the 1942 classification battery; another one was carried out with
the 1943 classification battery, again giving a coordination factor with
loadings on rotary pursuit with divided attention (.56), complex coordi-
nation (.46), aiming stress (.39), finger dexterity (.33), and two-hand
coordination (.27). Two criterion scores had loadings on this factor:
Pilot stanine (.73) and Bombardier stanine (.26). In other words, pilot
training as a whole was a better measure of the candidates’ coordina-
tion ability than was any single test—not an unexpected result, per-
haps, when it is realized that pilot training work involves all the
abilities measured by the specific tests, while each test largely measures
relatively specific variance. The evidence is certainly strong that pur-
suit-rotor performance predicts pilot training success; approximately
10% of the variance on the criterion is accounted for by this test
(Melton, 1947, p. 371.) Miles’ original theory and findings have been
verified beyond doubt.

Our second problem, i.e., the change of factor loading pattern with
change in amount of practice on a test, was also first investigated,
although not very successfully, by the A.A.F. group. Melton (1947, p.
1019) points out that in one of the A.A.F. studies, “evidence was found
which indicates that during the short time period of the administration
of a psychomotor test to individuals, the ability or abilities sampled
may shift materially in importance.” A special experiment was there-
fore set up in which part scores on various tests were ascertained and
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intercorrelated. It was indeed found in the factor analysis of these
scores that the character of a given test, as revealed by its factor
loadings, may change materially during practice; thus on the discrimi-
nation reaction time test used two factors increased systematically in
time, while two others “show precipitously declining importance of
tests. This test impresses an observer who watches testees from begin-
ning to end as changing most in character in the short span of some ten
minutes’ testing time.” (Melton, 1947, p. 1031.) Little of interest
emerged as far as the pursuit rotor was concerned, but these rather
casual observations laid the foundations of the much more systematic
work later reported by Fleishman. However, Melton and his colleagues
were certainly justified in concluding that ““there is ample evidence of
function fluctuations in the results set forth. . .. The findings show
systematic variations that call for explanation.” (Melton, 1947, p. 1033.)

There are certain interesting regularities in the patterns of intercor-
relations between successive trials on a motor skills learning task; these
have been observed in many different studies (Adams, 1953; Edgerton
& Valentine, 1935; Fleishman, 1953; Fleishman & Parker, 1959; Greene,
1943; Melton, 1947; Perl, 1934; Reynolds, 19524, 1952b; Viteles, 1933).
The pattern usually observed, as Jones (1966) has pointed out, is of the
superdiagonal form, i.e., neighboring trials correlate higher than trials
separated in time; “’it is named after the (n — 1) correlations between
neighboring trials, r, i, i + 1, which make up the superdiagonal,” i.e.,
the sequence of figures in a rectangular matrix immediately above the
leading diagonal. ““The superdiagonal form is an ordinal pattern. It
requires only that the correlations decrease or remain the same across
the rows and up the columns.” (Jones, 1966, p. 113). Matrices so
formed, however, show (Jones, 1966; p. 114) “more than ordinal pat-
tern. These matrices are ruled by an exact regularity. All known matri-
ces of intertrial correlations obey the law of single tetrad differences. This
law states that every sequence of four trials satisfies the equality

tata — tarp =0 (1 <j <k <1)”

[This rule should not be confused with Spearman’s (1927) law of tetrad
differences, which requires that another equality be satisfied, i.e.,

ritm — ratp = 0 (<j<k<1)

and which may more conveniently be stated in matrix terms as reduc-
ing the matrix to rank one.] Jones has suggested one possible explana-
tion of this general observation of the superdiagonal form, based on
the well-established fact that “‘the abilities at work in successive trials
become progressively fewer with practice” (1966, p. 120). Jones’s sim-
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plicial theory states that where there are x trials, there are x —1 common
factors; one of these drops out after the first two trials, the next after
three trials, the next after four, and so forth, until only one factor is left
at the xth trial. The superdiagonal form of the matrix can be directly
derived from this hypothesis, as can Guttman’s (1954) “law of oscilla-
tions,”” which states the sequence of factors to be derived from a simple
factor analysis of the set of learning trials; the loadings on the first
component are all positive and bigger in the middle than at either end,
while the loadings on the second factor undergo a change of sign from
first to last trial, and those on the third factor undergo two changes of
sign. Jones’ hypothesis is excessively formal, and his ““factors’’ are quite
unlike those usually posited by factor analysts. ““These factors should
not be understood as unitary; they are composites of all differential
elements which act in the first two trials, the first three, all eight, or
whatever the span that the factor covers may be.”” (Jones, 1966, p. 120.)
Such factors do not serve any useful psychological function, and thus do
not represent sufficient empirical content to be acceptable. As Fleish-
man (1966, p. 159) has pointed out, “‘stopping with a simplicial analysis
doesn’t seem to lead us far enough along in the development of new
concepts which will organize existing data more meaningfully, stimu-
late new experiments, or lead to improved predictions or control in new
learning situations.”

Among other authors who have calculated correlations between
successive trials or blocks of trials, and who have observed the superdi-
agonal form, are Zeaman and Kaufman (1955), and Noble (1970). The
substantive and theoretical problems raised by these authors will be
discussed in later chapters, together with their results. Lersten (1970) is
another author whose results seem to support a “simplicial”’ theory.
Jones (1969) has actually modified his hypothesis and now prefers a
dual or two-factor position, regarding practice as a process of both
simplification and complication. Only the former occurs in learning a
simple task, and so the superdiagonal form is weak or transitory as
correlation patterns become disorganized; in complex tasks, simplifica-
tion characterizes the early phases, with strong superdiagonal pattern-
ing resulting from extinction of errors. Then, as the skill is assembled
and organized, complication predominates in the later stages of prac-
tice. This two-factor theory, while still purely formal, is in good accord
with the work of Fleischman to be discussed presently, and also fits in
well with our own theory, to be developed in a later chapter.

Fleishman’s approach has been along the lines of isolating a set of
motor abilities in the form of factors which could then be correlated
with the different trials constituting a particular learning task; in this
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Figure 2-2. Changes in proportion of variance contributed by several factors at successive
stages of practice on the pursuit rotor. Taken with permission from Fleishman (1956).

way the factor loadings on these abilities could be established for the
different learning trials. A list of the main factors so discovered, with
detailed references, is given in Fleishman (1966); here only a simple
listing must suffice: control precision, multilimb coordination,
response orientation, reaction time, speed of arm movement, rate con-
trol, manual dexterity, finger dexterity, arm—hand steadiness, wrist/
finger speed, and aiming. (This list is the latest available; earlier
attempts resulted in smaller and occasionally different factors. In relat-
ing psychomotor factors to pursuit-rotor performance at various times,
the factors used were of course those isolated and identified at the time;
hence different attempts may not give identical results, depending on
the “state of the art’’ at the time.)

The changes in proportion of variance contributed by each of
several factors at successive stages of practice on rotary pursuit are
clearly demonstrated in Figure 2-2, which is taken from an early publi-
cation (Fleishman, 1956); it already demonstrates the increasing impor-
tance of specific elements in later stages of practice, the increasing
importance of aiming and arm movement, and the decreasing impor-
tance of psychomotor coordination and reaction time. A more recent
study (Fleishman, 1960) gives a somewhat different picture (Figure 2-3).
Here we have two specific factors, one (RP Specific II) decrementing in
importance, the other (RP Specific I) incrementing. There are also two
nonspecific factors, control precision and rate control. Control precision
is one of two factors into which the previous factor of “‘psychomotor
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Figure 2-3. Changes in proportion ot variance contributed by several factors at successive
stages of practice on the pursuit rotor. Taken with permission from Fleishman (1960).

control” was found to split (also sometimes called Fine Control Sensi-
tivity; the other psychomotor control factor became “multilimb coordi-
nation”’). Rate control ““appears to represent the ability to make contin-
ual anticipations and adjustments relative to changes in speed and
direction of a continuously moving object. . . . This factor extends
beyond pursuit tasks to other types of response involving rate.” (Fleish-
man, 1960; p. 168.) Both analyses, although different in detail, confirm
the importance of specific factors in rotary pursuit; six experiments
previous to the latest (Fleishman, 1960) had demonstrated that commu-
nality estimates from factor analytic studies in which only single scores
of rotary pursuit had been included were all between .45 and .50
(Fleishman, 1954, 1957, 1958; Fleishman & Hempel, 1954, 1955, 1956); in
the study under discussion the largest amount of RP variance in com-
mon with all the other tasks at any stage of practice was approximately
48% (the sum of squared loadings of all factors excepting the two
“within-task” factors). Thus it seems fairly well established that pur-
suit-rotor ability is specific to the extent of approximately 50%; this
specificity is greater than that of most other psychomotor tasks which
have been studied at all extensively (complex coordination task, 30%;
discrimination reaction time, 40%; plane control devices, 42%; unidi-
mensional matching, 34%). “The relative specificity of RP performance
at least raises questions about the extent to which we can generalize
from RP experiments to experiments with other tasks.” (Fleishman,
1960, p. 170.) Such questions are important, but it is doubtful if the
specificity of a task is particularly relevant to its usefulness as a device
for studying general principles of learning. The abilities involved in the
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mastery of a task to be learned are one thing; the course which learning
takes is another. In any case, the finding that there is an increase in a
task-specific factor with increase in practice on the task is quite univer-
sal (Fleishman, 1966, p. 159); pursuit-rotor learning may perhaps be
particularly typical in that respect! “Skill in later performances is more a
function of specific habits acquired during practice on the task itself,
relative to transfer from previous abilities, skills, and habits.” (Fleish-
man, 1960, p. 169.)

What is relatively unique, however, is the presence of a specific
factor which declines in importance. ‘“While factors of decreasing
importance have been found in other tasks, this is the first study in
which a factor was not defined by external ability measures.” (Fleish-
man, 1960, p. 169.) On the other hand, the interpretation of the two
nonspecific factors seems fairly clear. The Control Precision factor,
which contributes at all stages to pursuit-rotor performance, has been
found general to performance on a variety of different psychomotor
devices; it is ““the ability to make highly controlled (but not overcon-
trolled), precise, large muscle adjustments’”” (Fleishman, 1960, p. 169)
This factor is uniformly important throughout the stages of learning,
whereas the Rate Control factor is consistently decreasing. “This is
consistent with what is observed in performing on RP, where the task
seems intially to be more of a pursuit task; one has difficulty in leading
the target properly and even in predicting where to move in relation to
it. This difficulty seems to disappear after brief practice, where the task
becomes one of minimizing erratic movements while making a smooth,
continuous, circular arm movement.” This early acquisition of ballistic
movements had already been commented on by Renshaw, Wallace, and
Schwarzbeck (1930); it has found additional support in the work of
Ammons, Ammons, and Morgan (1958) and Archer (1958.) The
Ammons group used motion picture recordings of performance, a
rational classification of ““types of movements,” and a ‘’scoring stencil”’
employed over the film frames at different stages of practice. Scores
included the number and duration of circular, tapping, looping,
reverse, and crisscross movements, as well as movements ahead of the
target (leading) and behind the target (following). From this analysis
they concluded that “the S who can make the basic movement but
whose timing is ‘off” is well on the way to a higher performance level,
as compared with the S who cannot make the basic movement”
(Ammons et al., 1958). Fleishman argues that “‘this conclusion fits well
with the present findings that (a) an individual difference in Rate
Control ability may facilitate early learning to a small extent, but this
does not predict later learning; and (b) the main common factor contrib-
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uting to advanced as well as early proficiency is Control Precision” (1960,
p- 169).

Archer (1958) inserted a sensing device in the stylus used by his Ss
and was thus able to measure the number and duration of “noncircu-
lar” movements made, and compare them with “‘time-on-target”” scores
at different stages of practice. The number and duration of these
““noncircular’” movements decrease as practice continues; thus his work
also seems to support the notion that the ability to make the proper
controlled circular movement (even though S is off in his timing, and
therefore off target, during early stages of learning) facilitates later high
proficiency.

These findings suggest certain disturbing thoughts regarding the
measurement of pursuit learning, and the quantification of reminis-
cence. If learning can take place in the early stages without any improve-
ment in the actual score, e.g., when S is improving his ability to execute
the proper circular movement, but is still off target because of poor
timing, then clearly the score (time-on-target) is not a perfect, and may
be a poor, measure of learning. We customarily make a differentiation
between learning and performance owing to the existence of certain
factors which may affect learning and performance differentially; e.g.,
reactive inhibition may keep performance down and prevent it from
being a good index of learning. However, it is usually assumed that
when no such factors are present then learning will find a linear or at
least a monotonic representation in performance. These analyses of
Fleishman, Ammons, and Archer suggest that this may not be so, and
that it is even possible that quite different results might be obtained by
the use of targets of different size. Thus in the case discussed above, it
is conceivable that improvement in the ability to make the circular
movement might be registered when the target is very large but not
when it is small, leading to different learning curves under otherwise
identical conditions. (It is considerations of this kind which have
prompted the construction of multiple-target pursuit rotors, of the kind
described previously.)

Bahrick, Fitts, and Briggs (1957) have given a sophisticated psy-
chometric discussion of the problems involved. Drawing attention to
the arbitrary nature of many of the choices made in selecting behavior
measures for use as learning indices, they set out to show “‘that the
arbitrary choice of a cutoff point in the dichotomizing of continuous
response distributions can impose significant constraints upon the
shape of resulting learning curves. . . . We have chosen for illustration
of this point the use of time-on-target scores as indicants of the level of
skill attained in tracking tasks.” (Bahrick et al., 1957, p. 256.) The
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tracking task chosen was perceived by S as a target line that remained
stationary in the center of the cathode-ray display, and a cursor which
moved to the right or left depending on the direction of the error from
moment to moment, incorporating an exponential time lag between the
output of S’s arm control and its effect on tracking error. Two types of
performance measures were taken on even-numbered 90-sec trials: rms
error scores and time-on-target scores. ’An electronic circuit provided a
means of continuously obtaining the magnitude of the error (in the
form of an electric voltage), squaring this voltage, and integrating it
over the period of a trial. The output of this circuit appeared on a
voltmeter and the square root of this meter reading provided an index
of the root mean square error (rms). . . . Time-on-target measures give
the total time that the absolute magnitude of the error voltage was
smaller than a given magnitude. Three such scores were taken for target
zones of 5%, 15%, and 30% of the maximum possible voltage. These
zones correspond to errors of .1, .3, and .6 in. of displacement of the
cursor to either side of the target line, respectively.” (Bahrick et al.,
1957, p. 257.) These 3 zones, from smallest to largest, are referred to as
A, B, and C; correspondingly, scores on these zones are referred to as
scores A, B, and C. 50 male and 50 female Ss were used in all. This task
was relatively difficult; an easy task was also used, in which no lag was
introduced between the control output and the cursor movement.
When the males and females were compared for performance on
the more difficult task, it was found that respective rates of learning
were entirely dependent on the actual scores used; the males improved
by 33.2%, 31.9%, and 18.7% for scores in zones A, B, and C, respec-
tively, while the corresponding improvements for the females were
only 2.5%, 17.6%, and 11.8%, respectively. The rms curves, however,
indicated a greater improvement for the females, with a 22.3% reduc-
tion of error as contrasted with a 20.4% error reduction for the males.
““And all these scores, it should be remembered, are derived from a
single error voltage!” (Bahrick et al., 1954, p. 259.) In the easy task
experiment 25 male Ss were used; quite different types of learning
curves were found depending on the type of target measure used. The
authors then go on to point out that “if we assume that the amplitude of
tracking errors form a normal distribution during a trial, it is apparent
that the percentage of this distribution which would fall within a
given target zone can be determined, provided the standard deviation
of the distribution of tracking errors is known.” (Bahrick et al., 1957, p.
260.) Figure 2-4 illustrates the differential sensitivity of various scoring
zones; the predicted are plotted time-on-target scores for five target
zones of differing size as a function of the magnitude of the rms values
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Figure 2-4. Differential sensitivity of various scoring zones: predicted time-on-target
scores for five target zones of differing size as a function of the magnitude of the rms
values of the error distribution. Taken with permission from Bahrick, Fitts, and Briggs
(1957).

of the error distribution. /It can be seen that each of the curves . ..
shows a maximal slope at a different range of variation of the rms value,
and becomes insensitive to variations outside that range. The ranges of
maximal sensitivity shift toward smaller rms values as we move from
larger to smaller target zones. The sensitivity of a time-on-target score
is maximal when the zone is of a size that includes+ 1 SD of the
error distribution, so that S is on target about 68% of the time. For
smaller or larger target zones the score becomes progressively less
sensitive to changes in the rms value of the error distribution.”” (Bahrick
et al., 1957, p. 261.)

Bahrick, Fitts, and Briggs do not suggest throwing out time-on-
target scores altogether; ‘“the nonlinear relation between rms and time-
on-target scores does not invalidate all use of the latter scores. For
certain gross comparisons, intended only to determine the presence or
absence of a significant effect, either type of score may be adequate. . . .
Artifacts in the interpretation of results occur primarily when attempts
are made to test for interaction effects or to interpret functional relations
over an extended range of task difficulty or over an extended period of
learning. Thus it would appear that a single target zone can provide a
score of only limited value on an indicant of tracking performance. This
is particularly true if performance on different tasks or at different
stages of learning varies over a wide range, so that the percentage of
time on target is either very low, or very high for some of the conditions
to be evaluated.” (Bahrick et al., 1957, p. 266.) The authors recommend
either multiple target recording, or else use of the rms error score. It is
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fortunate that for most of the studies to be discussed in this book time-
on-target scores are vitiated only to a limited extent by the errors which
they have pointed out so cogently, but these criticisms of some very
fundamental aspects of measurement in tracking should always be
borne in mind when interpreting results. Attention will be drawn to
problems of measurement whenever these appear to have caused errors
in interpretation. It should of course be realized that size of target is not
the only problem to arise in the measurement of pursuit-rotor perfor-



62

I

{ THE ORIGIN OF THE GRAND DESIGN

100 )
80 |- ,
1.025'
|.920.
= 70 A
z
.815¢ .
F eof
P 710
% 50
o 605"
40 -
5 \
& 500
& 30r
a
395"
20 - - /
n
290" W Figure 2-6. Mean percent time-
o .——/ S on-target as a function of trials
_|35--./_— for the 10 inner rings, with the
o .OBO'P/T\T”T’—T I I'/.l radius of each target given in
i 2 3 4 5 6 7 inches. Taken with permission
TRIALS IN MINUTES from Humphries (1961).

mance; other problems, such as the suggested transormation of scores
into some form of logarithmic function to make them more truly compa-
rable, will be taken up in the next chapter.

A direct application of the principles enunciated above to pursuit-
rotor learning has been made by Humphries (1961), who constructed a
multiple-target rotor with 18 concentric targets of increasing size;
simultaneous scores were recorded from all of these targets. Testing
sessions included 5 min of massed practice, a 5-min rest and a final 5
min of practice; initial data were summed over 10-sec periods, although
these were again combined for some of the later calculations. Figure 2-5
shows the mean percentage time-on-target scores for each band during
1, 5, 6, and 7 min of practice. ““The general effect of practice can be seen
as a shift in the distribution toward the left, i.e., toward the inner
targets, and in the pealing effect around Bands 3, 4, and 5. The usual
reminiscence effect is indicated by the cross-hatched area between
Trials 5 and 6 and takes the form of an increment in time-on-target
scores for target Bands 2 to 7, a decrement for Bands 8 to 18, and little or
no change for the inner band.” (Humphries, 1961, p. 215.)
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Figure 2-6 shows the mean percent time-on-target as a function of
trials for the 10 inner rings; the radius of each target is given in inches.
Note in this figure two features which we shall return to again in our
discuission of the effects of individual differences in ability on reminis-
cence and on the shape of the learning curve: (1) Larger targets show a
marked upswing at the beginning, followed by a marked downswing—
there is no trace of these rapid changes with the smallest targets. (2)
Larger targets show considerable reminiscence effects; these are com-
pletely missing with the smallest targets. Thus the occurrence of reminis-
cence effects can be enhanced or abolished by suitable choice of target
size, and so can “upswing’’ phenomena and ““downswing’’ phenomena
usually observed after rest pauses. (Remember that all these curves
describe identical test performance; it is only the measurement which is
varied by different target size choice.)

Humphries also suggests a useful method for transforming the
information gained into rms scores; Figure 2-7 shows the mean esti-
mated rms error scores as a function of trials. The general pattern of
scores is reassuringly similar to that with which investigators of pur-
suit-rotor performance are familiar. There is first a linear improvement
in performance, relatively slow and unhurried, followed post-rest by a
marked reminiscence jump in performance, which in turn is followed
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by PRU or “warm-up”’, shown here of course by a decrement in rms
error. There is no PRD because the final 3 min of practice post-rest have
not been plotted; it is not clear why they were omitted. Had they been
included it is likely that in this particular the similarity would also have
been complete. It does seem, therefore, as if choice of target size is only
important for the demonstration and investigation of the phenomena in
which we are interested when the target is very small or very large;
intermediate size targets, of the size usually used, give results very
much like rms error scores. This comforting conclusion should not lead
to a lack of vigilance, however, in scrutinizing experimental results for
possible artifacts owing to wrong choice of target size, or overinterpre-
tation; nor should it lead to a neglect of the rich field of experimental
investigation opened up by these new methods of recording and ana-
lyzing results. Vigorous research is required in order to make us better
understand, than is possible now, just what goes on when a subject
“learns”” pursuit-rotor performance.



The Beginning of
Investigations on a Grand
Scale

Apart from Thorndike (1913), few American experimentalists paid
much attention to the interesting phenomena unearthed by Kraepelin
and his students, and indeed little work was done on nonverbal remi-
niscence until the early years following the second World War linked up
pursuit-rotor reminiscence with the theoretical system of Hull, which
was then very much in the ascendant. Nevertheless, a small number of
empirical studies carried out during the years between the two World
Wars demonstrated that phenomena similar to those observed by
Kraepelin could be obtained on the pursuit rotor, and a small number
of writers developed an interest in this field. In addition, there was one
notable attempt to develop a theoretical account incorporating these
phenomena into a general system, that of Snoddy (1926, 1935); his work
gave rise to several empirical studies which attempted to test deduc-
tions from his theory (Bell, 1942; Doré & Hilgard, 1937, 1938; Hilgard &
Smith, 1942). During the war, much work was done on motor tests
(““apparatus tests”’) in an effort to improve selection batteries for pro-
spective pilots, navigators, and other air crews (Melton, 1947). Apart
from the intrinsic interest of the data collected, this major research
effort, although it had severely practical objectives, succeeded in con-
vincing a number of brilliant young experimentalists that much of
scientific importance could be discovered in the field of motor skills and

65
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their development, and the flowering of research in this field during the
immediate post-war years owes much to their influence. These post-
war developments will form the basis of our next few chapters; here we
will simply outline the developmental story of research up to and
including the Army Air Forces Aviation Psychology Program, to give it
its full title, and its Research Report No. 4, ““Apparatus Tests.”

In tracing these developments we will begin with the various
independent writers who made important contributions to pursuit-
rotor reminiscence during the years between wars, go on to a considera-
tion of the Melton A.A.F. report, and close with a discussion of the
Snoddy hypothesis and the experiments to which it gave rise. Before
discussing the tracking experiments, however, it may be useful to note
briefly two experiments which had some influence on later writers. In
the first of these, Lorge (1930) used 3 types of activity (mirror drawing,
mirror reading, and code substitution) and compared the effects of 20
massed trials, 20 trials separated by 1 min and 20 trials separated by 24
hr. On all tasks the massed practice condition proved inferior; differ-
ences between different legths of rest pauses were unstable and not
very impressive. Lorge’s results for mirror drawing (the task later
favored by Snoddy) are shown in Figure 3-1. Gentry (1940) used
code substitution under various conditions of distribution which
ranged from (1) 20 1-min trials separated by 1-min rest pauses, to (5) 20
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massed 1-min trials without rest; the intermediate conditions had 5
distributed trials and 15 massed trials in various combinations. Condi-
tion 1 was superior throughout; the other conditions showed improve-
ment to the same extent as condition 5 when trials were massed, and
similar to condition 1 when trials were not massed. Even earlier than
these two writers, Carr (1919) had studied early as compared to late
massing, using a pencil maze; he too found that massed or distributed
conditions of work at any given moment determined performance to a
greater extent than previous massing or distribution.

Outstanding as the first pursuit-rotor study to deal with the prob-
lem is a contribution by Travis (1936, 1937) who used a Koerth-type
pursuit rotor. In his first paper, ““Practice and Rest Periods in Motor
Learning,” he took up Jost's findings (1897), to the effect that two
readings per day for 12 days was from 3 to 8 times more effective in
memorizing than 8 readings a day for 3 days, a finding which Taylor
(1915) supported to some extent in his work on the influence of rest and
work periods on output and fatigue of pig-iron handlers. Travis used 4
Ss, working for 6-min periods separated by several days; results are
shown in Figure 3-2. (Each point plotted represents the accumulated
score for 1 min.) As Travis (1936) points out, “in the first half of the
learning curve it will be noted that a significantly high jump in effi-
ciency took place after each rest period. ... The long rest period
seemed to be more essential to improvement than the latter two-thirds
of the practice period.” Travis does not use the term “‘reminiscence’ for
this phenomenon, although the word had been current for almost 20
years following Ballard’s (1917) original paper; possibly he was not
prepared to regard the motor phenomenon as identical with that
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observed in verbal learning, although he does refer to Jost and Pieron,
who also worked with verbal learning. Travis also reports on the
comparison of continuous and discontinuous work periods at the
asymptote of learning; his results show continuous work (12 min with-
out pause) inferior to discontinuous work (1 min work, 1 min rest.)

In his second experiment Travis (1937) pursued this question of the
effect of the length of the rest period on motor learning. Six 5-min
learning trials were given on his “‘pursuit-oscillator,” with rest periods
of 5 min, 20 min, 48 hr, 72 hr, and 120 hr interpolated for different
groups of college students. Travis again found evidence of reminis-
cence, although mention of the term is eschewed; he found the 20-min
rest pause most conducive to learning, followed by the 5-min rest
pause. The longer rest pauses were fairly uniformly less useful than the
short ones. In a later chapter we shall see to what degree these results
can be generalized to other tasks and conditions, and to what degree
they are dependent on Travis’s setup. It would seem that Travis redis-
covered motor reminiscence, 40 years after Oehrn’s first demonstration,
even though the similarity of this phenomenon to other types of remi-
niscence does not appear to have been clear at the time; Bunch (1938) in
an early review quotes verbal learning experiments and animal experi-
ments on reminiscence, but does not mention Travis.

The work of Renshaw and his colleagues at Ohio State University,
some of which had been published by the data his summary was being
prepared, is also not mentioned by Bunch (1938). These studies made
use of a special pursuitmeter of the “prod” type, i.e., loss of contact
between stylus and target stops the target, which begins to move again
when contact is resumed (Renshaw & Weiss, 1926). Typically, Ss would
follow the target’s ““complex pattern of changing directions and rates,”
with number of errors constituting the score. An error is defined as loss
of contact with the target. Each cycle consisted of 63 revolutions; these
cycles were identical, “but no portions of any one cycle were duplica-
tions.” Renshaw (1928), Troyer (1930), Webb (1933), and Renshaw and
Schwarzbek (19384, b) demonstrated, with this apparatus, some of the
fundamental features of pursuit learning as a function of interpractice
rests.

In the main experiment of this series, Renshaw and Schwarzbek
(1938a) studied 4 groups of Ss who pursued different courses of train-
ing, in the sense that the rest pauses introduced between cycles were
either decreasing in length (group D), increasing in length (group I),
decreasing and then increasing in length (groupD-I), or increasing and
then decreasing in length (group I-D). The results make it clear that, as
Troyer (1938) had also found, “longer rest periods favored more rapid
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improvements.” Each cycle was 3.57 min in length; under these condi-
tions the authors conclude that “in all probability five minutes rest
between cycles is the most advantageous condition for rapid improve-
ment in this particular manipulative skill.” At the other end, “the
institution of practice cycles followed by no rest, results at any stage in
the series except at the beginning, in a decrease in the proficiency of
performance.” Furthermore, ““if no rest is given earlier in the series the
decrease in proficiency is greater than if no rest is given later.”

Renshaw, Wallace, and Schwarzbek (1938) complemented their
statistical analyses by taking motion pictures of the performance of one
subject during the course of learning, and analyzing this in detail. This
analysis makes interesting reading.

The subject, stripped to the waist, was set to learn the operation of the
instrument in the usual fashion. Motion pictures of the movements made by
the wrist, arm, shoulder, and trunk were taken for a period of 15 seconds in
various parts of the cycles. “Shots” were taken in this manner on 16 mm.
film in every third cycle of a complete series of 36. The subject had one
minute between cycles.

Pictures of the first cycle show that the arm moved more like a rigid rod
than a coordinated compound lever. The elbow was held immobile and close
to the trunk. The arm movements were of a massive sort which involved not
only the elbow and shoulder but also the pectorals, latissimus dorsi, and the
muscles of the lower trunk region. As soon as errorless periods of apprecia-
ble length began to occur certain of the muscle groups began to relax. At first
the larger muscle groups and those near enough the surface to be readily
observed, showed sustained contraction. Relaxation was indicated in two
ways. First the sustained bulging of the muscles disappeared, and instead
there were sudden brief thickenings, of less intensity than the sustained
contractions, followed by a quick return to the immediately preceding
relaxed status. Second, the pivot joints became “loose,”” and all of them were
involved more in the pursuit act.

As the practices became more errorless the degree of relaxation, as
observed in the picture, became greater and it extended to all the muscles
involved. The order of relaxation was centrifugal, first the pectorals and
other trunk muscles, then the deltoid, biceps and triceps groups, and finally
the extensor and flexor groups of the forearms. It is noteworthy that this
order is in agreement with the order of individuation of the movements in
the amblystoma larvae as shown by Coghill (1929, p. 18 ff., and p. 88), and
also with the findings of Minkowski and others, relative to individuation of
movement in human foetus.

In the motion picture there are a number of clear-cut instances which
show the effect of lost contacts on the muscular tonus. Pictures taken after
the middle portion of the learning series, when the subject had become
quite skilful show that errors, in which the stylus and target were thrown
completely out of apposition, resulted in a tensing of the muscles. This was
especially evident in the forearm, less so in the pectoral and the deltoid
groups. When errors occurred the arm became rigid, and the muscle thick-
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enings showed a sustained contraction, as at the beginning of the learning
series.

In the early cycles the elbow was held close to the body. With increased
skill the angle made by the upper arm and the vertical axis of the body
became greater. The arm became a coordinated compound lever. Its posture
then gave it the maximum mechanical advantage for subsequent adjustory
movements. At the beginning the movements were jerky, whereas the
skilful pursuit movements were smooth, possibly ballistic. The undue ten-
sion of the various muscle groups immobilized each pivot joint and, in the
event of a specific pursuit movement, the untrained subject generally flexed
only one joint at a time or if more than one the function of each was
relatively disjoined from the other. With increased skill more and more
pivotjoints came into activity, and the action of each became more definitely
related to that of the others. This interrelation has as its most apparent
characteristic (and perhaps its chief characteristic) the timing of movements
at the several pivot joints; head, cervical girdle, shoulder, elbow, wrist, and
phalanges.

The movements of the skilful person are anticipatory in the sense that
the latency has been reduced to an approximate zero. With such a wide
variety of possible movements it is evident that no specific rate and direc-
tion is anticipated. It seems that learning is characterized by a more effective
adjustment for an increased number and a greater variety of rates and
directions. That is, the habit has become generalized. It is apparent that the
requisite tactual and kinaesthetic cues have been reduced to a minimum,
and visual cues which at first were helpful in the grosser adjustment not only
tend to become unnecessary but also to interfere with best performance in
the later stages. Subjects assume an attitude commensurate with the gener-
alized nature of the habit. Successful learners report that the best method
involves ““a following attitude.” It is impossible to dominate the machine.
The attempt to predict, or anticipate actively the next specific movement
results fatally. Subjects who fail to discard this method seldom learn suc-
cessfully. Further evidence that pursuitmeter skill is a generalized habit
derives from the fact that all subjects who made the attempt were able to run
the pursuitmeter with the non-preferential hand as successfully as with the
hand used originally in the learning. The interpretation of the above analy-
sis of the nature and acquisition of pursuit act is quite readily made in terms
of the two fundamental types of movement, the tension movement and the
ballistic movement.

This classification is that of Beaunis and Richer and is followed by
Stetson and Bouman (1935).

In the early stages of pursuit learning the posture of the trunk and
fixation of the arm is a typical tension movement. Opposed muscle groups
are contracted, and whenever pursuit occurs it is jerky and tight. It is
incorrectly timed and the pursuit movement is not successful. All these
characteristics might well be expected in the early stages before the ballistic
type of movement has put in an appearance and while the slow tension
movements remain.

The tension movement is unable to account for the smooth continuous
character of pursuit movements, the velocity of which changes too rapidly to
fall within the limits of maximum tremor rate. A single ballistic movement is
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smooth, but, being constant in velocity and being a momentum movement
for the latter part ot its duration, it, likewise, cannot account for a pursuit act
that is both smooth and variable in speed and direction. It is possible,
however, that a number of coordinated ballistic impulses may not only
retain the characteristic smoothness of the single stroke but also may enable
us to account for the rapidly changing velocity of the pursuit movement.

The evidence cited above, e.g., distalward relaxation, and the timing or
coordination of movements of the several pivot joints, is interpreted as
follows: Several ballistic impulses, involving various groups of driving
muscle, determine the path of the pursuing extremity. Greater control of
both the rate and direction results from the fact that several, rather than only
a few, pivot joints and their corresponding muscle groups are involved. We
may picture the path and the velocity of the limb as a resultant of a number
of ballistic impulses. With several muscle groups capable of moving each
pivot joint and with several such pivots involved, the frequency and the
precision of the change in velocity (rate and direction) become quite large.
Such control is the tactus eruditus of which we speak in other related skills,
such as typing or piano playing and the “form” in golfing, surgery, forward
passing, speaking, singing, etc. It obviously derives from the force and the
timing of the ballistic impulses. These impulses, unlike those of the tension
movement, are capable of being controlled by smaller increments than the
.045-.050 sec. of the motor unit. The control of the “loose” ballistic move-
ment may take place by increments of .005-.020 sec.” (Renshaw and
Schwartzbek 1958b, pp. 21-26.)

Renshaw and his colleagues did not measure reminiscence as such,
but the relationship between reminiscence and the influence of rest
pauses on the rate of improvement in pursuit learning is so close that
their work is very relevant to our topic. Their main conclusions have
been amply justified by later work: “‘the length and distribution of
intercylic rest periods have great effect on the shape of the practice
curve. . . . The rest conditions favoring the most rapid learning are
those in which long intercyclic interims are given early in the practice
series, followed by rests which are progressively decreased in
length. . . . Practice without rest usually retards or reverses the practice
gains. The detrimental effect is the more marked early in the learning
series.”” Learning is seen to be ““primarily a reconstruction of the form of
the response. Theories of conditioned chain reflexes are not
supported.” (Renshaw and Schwartzbek, 1958b, p. 28.)

Renshaw contributed two further articles to the pursuit-rotor litera-
ture. Renshaw and Postle (1928) investigated the effect of explicit and
detailed instructions as to how to work the prod pursuit rotor for best
effects, contrasting a group of Ss so instructed with two control groups
who had received no instructions. The control groups did very much
better, suggesting that “‘conceptualization’ or the making conscious of
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the problems involved in pursuit-rotor work actually interfered with
learning and performance. ““The general case in which language inhib-
its is one in which substitutive or surrogatory verbal habits cannot be
made effective substitutes for the direct sensory stimuli afforded by the
task itself.”” (Renshaw & Postle, 1928, p. 367.) It is of course known that
overt verbalization may interfere with a highly developed skill, i.e.,
after the final or autonomous phase of learning has been reached; the
above results suggest that such interference may occur right at the
beginning of learning. Renshaw’s (1928) other experiment consisted of
training his Ss on the complex circuit made by the target, and then
reversing this course on 2 occasions; he found that the Ss made a gain
rather than a loss as a consequence of this reversal. Renshaw interprets
this finding as contradicting the hypothesis that pursuit-rotor learning
consists of the development of a serial habit; he prefers “a successive
discrimination hypothesis as an alternative mode of selection in the
formation of habits of this type” (1928, p. 520). One of Renshaw’s
students, W. W. Webb (1933) made a beginning in the field of massed
versus distributed learning, but his results are of little value as his
“massed” group in fact had 3-min rests between trials; furthermore, his
groups were very poorly matched on ability (performance during the
first trial). This may have been due in part to the very small number of
Ss in his experiment.

Next in order of time comes a study by Melton (1941) which is
rather closer to modern research designs; scoring is by integrating
performance over quite short periods (20-sec trials) instead of over
periods of almost 4 min, as in the case of Renshaw, and the design is
simpler. Four groups of students were tested on the pursuit rotor with
different rest intervals (10 sec, 20 min, 2 days, and 2 weeks), following
10 trials of 20-sec practice and 10-sec rest. Thus there is no properly
“massed” group; the reference group is one which continues the pre-
rest practice of 20 sec on—10 sec off. Differential effects of increased rest
pauses will thus be less than they would have been had the reference
group been completely massed, i.e., had performed without any rest
pauses at all. (In the remainder of this book we shall reserve the term
“massed’’ for the condition of work without any imposed rest; in the
literature the term “massed” is often used to refer to the least distrib-
uted condition of several, although in this condition there may be rest
pauses of rather short duration. As we shall see, even quite short rest
pauses of 10 or 20 sec make a tremendous difference in the rate of
learning, and produce quite large reminiscence effects; hence the use-
fulness of referring to such designs as “massed” is doubtful.)
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The actual performance curves of 4 groups of 50 students each are
given in Figure 3-3; it will be seen that the 3 groups with interpolated
rest show reminiscence, PRU and PRD, very much as shown in Denny’s
results (Figure 1-1). The length of rest, although varying from 10 sec to 2
weeks, does not seem to matter very much, although there is some
suggestion in the data that terminal performance is best for the groups
with 2 days’ rest. All 3 groups with interpolated rest are superior at the
end to the group without interpolated rest. Pomeroy (1941) using a
similar schedule to Melton’s but with only one group of Ss who had a 1
week’s rest period, found very similar results.

Shortly after Melton’s paper appeared, Buxton (1942), surveying
the literature on reminiscence (Buxton, 1943a), ““found reason to believe
that the phenomenon should be exhibited unambiguously in the acqui-
sition of skills.” He carefully reexamined several studies on the spacing
of practice, such as those of Renshaw and Travis already mentioned and
those of Snoddy (1935), Gentry (1940), and Lorge (1930), and came to the
conclusion that “although the experimental conditions under which
data were obtained were rarely entirely favourable for the appearance of
reminiscence, additional computations showed rather clearly that it
was present.”” This paper marks the realization that the various phe-
nomena noted by these writers in their work could theoretically be
combined with the large body of work on verbal reminiscence that had
been accumulated, and from then on most workers began to use the
term “‘reminiscence’ for studies using motor performance and involv-
ing improvement in performance after imposed rest pauses.

Buxton (1943b) also performed an interesting experiment whose
design differs somewhat from that more usually adopted. He had 3
groups of Ss practice on the pursuit rotor to different levels of mastery
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(5%, 20%, and 35% of possible score); trials were 15 sec in duration,
followed by 30-sec rest periods, i.e., practice was not properly massed.
After the S had reached his appropriate level of mastery, a 10%4-min rest
period was interposed during which he read magazines; he then
returned to practice until he met his criterion a second time. A fourth
group served as control; this group had no interposed rest period, but
worked straight on in the 15 sec on—30 sec off rhythm. Buxton found
that the experimental groups were significantly superior to the control
group in every instance; relative reminiscence decreases from 47% in
the group with the lowest criterion to 24% for the middle level of
mastery, and to 11% for the highest level of mastery before rest. Buxton
makes two interesting remarks. He finds that “the Ss who progressed
by leaps and bounds and who reached the criterion early in the practice
session tended to be the ones who showed the greatest gains during the
rest interval.” (In other words, reminiscence is a positive function of
learning ability on the pursuit rotor.!) He further points out that in
contrast to verbal learning, where optimal rest pauses are 2 min or so in
duration, pursuit learning shows reminiscence for much longer rest
intervals; ‘“no study of verbal learning has produced reliable and indis-
putable evidence of reminiscence at an interval longer than about 5
min, if that long.” He accordingly suggests “‘that retention curves for
short intervals do not have the same form in motor learning that they do
in verbal learning.”

In another series of experiments, Buxton originated a further line of
research which has turned out rather fruitful (Buxton & Henry, 1939;
Buxton & Grant, 1939). Pointing out that “scant attention has been
directed to the problem of whether or not motor learning shows the
same general phenomena of retroaction as do verbal and perceptual
learning,” he undertook to study the occurrence (or not) of retroactive
inhibition in pursuit-rotor learning, by interpolating some other task
between practice sessions on a pursuit rotor; indeed, he used several
different tasks in order to be able to ““determine the influence of
interpolated tasks of varying similarities to the original one upon the
retention of the original task.” His experimental design took into
account the complications presented by the occurrence of reminiscence,
which might wholly or partly obscure the occurrence of retroaction.

The main activity involved was of course pursuit-rotor learning;
17-sec trials were used, with 15 such trials preceding the rest pause, and
5 following it. A control group spent the rest period reading; 3 experi-

1This may of course be an artifact of measurement, along the lines of the Bahrick, Fitts,
and Briggs demonstration discussed in Chapter 2.
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mental groups performed different tasks during this 12-min period.
These tasks were mostly taken from the Seashore (1928) motor skills
battery; high reliabilities had been found for the tasks in question
(Buxton & Humphreys, 1935). The tasks were: (1) a simple linear
pursuit meter in which the target moved irregularly to and fro in one
dimension; the design was similar to that described by Wishart (1923);
(2) spool packing; and (3) stylus maze learning by mirror control.
Ninety men and the same number of women, all students, took part in
the experiment. Buxton and Henry (1939) discuss the results in detail,
and come to the following conclusions which are also based on the
observed intercorrelations, and are affected by certain failures to match
the groups properly on initial trials. ““1. Pursuit learning does not, like
verbal learning, show a drop in performance level after interpolated
practice on varying types of motor tasks. Rather, no matter what the
interpolated activity,. . . a definite gain occurs. 2. Women show a
relative retroaction, in that certain types of interpolated activity prevent
the appearance of as large a gain as that shown by the control
group. . . . The pursuit meter had the strongest effect of this type, and
the maze next. Spool packing, however, produced a greater gain than
that shown by the control group. Only the meter produced relative
retroaction for men. The maze and spool packing performances seemed
to produce a greater amount of gain for the men than simply reading in
the interpolated period.” We shall return to this topic in a later chapter,
in view of its crucial theoretical importance, and will not discuss this
experiment here in any detail.

In some additional experiments, Buxton and Grant (1939) showed
that women were inferior to men on all the tasks in question; they also
showed greater “fatiguability”” when quite prolonged activity on the
pursuit rotor was required. The authors also compared high- and low-
ability Ss, defining these in terms of performance during the last 5 trials
preceding the rest pause; low-ability Ss showed greater reminiscence
than high-ability Ss. This conclusion must remain doubtful, however,
as regression to the mean would affect the statistics, decreasing the
(true) reminiscence scores of the high-ability Ss and increasing those of
the low-ability Ss. Determination of ability level for such comparisons
should be made on the basis of intial performance, rather than terminal
performance.

Buxton and Grant (1939) make an attempt in this paper to define
reminiscence more closely; they point out that ““as it now is generally
used, it is a rather operational sort of term, signifying any kind of gain
in performance, made without rehearsal. The implicit assumptions
nevertheless seem to be that recovery from fatigue is not what is meant,
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that changed conditions at the time of recall so as to improve perfor-
mance are not what is meant . . . but that there is some sort of sponta-
neous change going on in the central nervous system of the organism
which results in improved performance. We would propose that the use
of the term be limited to the last named phenomenon. . . . We propose
that reminiscence be used to describe the possible spontaneous
changes in the traces which occur by the very nature of the nervous
tissue in which they are laid down.” This is as near as anyone has come
until recently in suggesting some form of consolidation theory to
account for motor reminiscence, but it will be seen that the language is
very indirect and cautious. However, Buxton and Grant do recognize
that several factors may be active jointly or severally in determining
reminiscence; ““the laws governing gains in a rest period thus should be
of several kinds, dealing with, for example, amount and kind of change
in traces with recovery from fatigue, amount and kind of change in
traces with improved conditions of recall, such as relaxation, confi-
dence, feelings of familiarity, etc., and amount and kind of change in
traces themselves with the passage of time when the above or other
factors are not significant or are cooperative.” This suggestion is
appealing, but difficult to follow; it requires not only an observable fact
(gain in performance after rest), but also a subjective judgment based
on theoretical considerations which might not be shared by other
observers (absence of fatigue, of improved conditions of recall, etc.).
Certainly later writers have preferred to use the term reminiscence for
the observable fact.

Buxton’s material had been collected at Iowa State University,
which was becoming the main center for work in the field of motor
reminiscence; in an unpublished Master’s thesis from there Reyna
(1944) contributed to our knowledge by comparing reminiscence scores
of female students following a course of continuous or distributed
practice (10 sec on—20 sec off), and having a rest of either 6 or 24 h.
Results have been redrawn by Ammons (1947), who obtained his Ph.D.
at Iowa and was later to lay the foundations for the first proper theoreti-
cal system of reminiscence; his diagram is reproduced here as Figure 3-
4. It will be seen that the spaced group learns much more quickly than
the massed group, and that reminiscence is much stronger for the
massed group than for the spaced group. Length of rest pause does not
seem to matter at this level (i.e., when the shorter of the two rest pauses
is 6-hr long.) It is noteworthy that the massed group does not reach the
post-rest level of the spaced group however long the rest pause; there
appears to exist a permanent as well as a temporary work decrement.
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Figure 3-4. The effects of 6- and 24-hr rest pauses on massed vs spaced practice groups.
Data by Reyna, redrawn by Ammons (1947) and reproduced by permission.

Reyna’s study was soon followed by an unpublished report to the
Civil Aeronautics Administration by Spence, Buxton, and Melton
(1945), again carried out at Iowa. This work is of course linked with the
air crew selection procedures later summarized by Melton in his large
report, to be discussed presently, but it contains several interesting
features which make separate discussion desirable. The apparatus used
was an adaptation of the Koerth rotor, improved by means of the
addition of automatic recording of performance and the provision for
simultaneous testing of Ss in small groups. Three different samples of
Ss were used: A. 240 women students; B. 120 civilian male students; C.
200 Army students. “In each of the 3 samples 4 different conditions of
practice and rest were employed. In condition A the subject worked
continuously for 8 minutes (recorded as 24 trials of 20 seconds each), in
condition B the subject was tested for 25 seconds with rest intervals of 5
seconds between trials (16 trials), in condition C the subject worked for
20 seconds with rest intervals of 10 seconds between trials (16 trials),
and in condition D the subject was tested for 10 seconds with rest
intervals of 20 seconds interpolated between trials (16 trials).”” (Spence
et al. 1945.) When detailed results were tabled, ““comparisons of the
values in these tables indicate that under comparable working condi-
tions the women subjects perform more poorly than men at all stages of
practice.” Condition D (the most spaced condition of all) gives highly
superior performance for both men and women; condition A (massed)
does not differ much from conditions B and C (5 and 10 sec rests
between trials), suggesting that these conditions approximate complete
massing. Why there should be such a complete break between condi-
tion D and conditions B and C, rather than a gradual transition, is not
clear. The graph for civilian males shows much greater diversity in
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performance between groups A, B, and C, with D still undoubtedly the
best; yet here B performs considerably worse than A, which makes no
sense at all. Possibly in all this we should pay attention not to the
absolute values of the rest period but to the ratios of off-on periods,
which are .2, .5, and 2.0 for groups B, C, and D; these ratios show
greater differences than do the absolute times. Even so, the data would
suggest that there is no reminiscence with rests of 5 or 10 sec, but very
strong reminiscence with 20-sec rests; such a sudden rise of reminis-
cence when rest exceeds 10 sec seems unlikely. Later work (e.g., Adams,
1954) has shown these doubts to be justified.

An interesting graph is presented by Spence et al. (1945) in connec-
tion with their discussion of the hypothesis of work inhibition, which
presumably would be present in considerable amount in condition C,
as compared with D. Figure 3-5 shows the performance of the military
male C and D groups, ““and further results 24 hours later for the original
group C when run under condition D.” Two points in this figure are of
interest. In the first place, there is a strong reminiscence effect; perfor-
mance improves by almost 40%. In the second place, there is a change
in the rate of improvement; after being changed to condition D, the rate
of growth of performance now resembles that of the group originally
trained under condition D, not that under which the group in question
had been originally trained, i.e., condition C. This second finding has
been amply confirmed, and presents many theoretical problems; we
will return to it in a subsequent chapter.

Reliabilities are reported to be very high for all conditions, ranging
from .91 to .98 for odd—even correlations. The product-moment correla-
tion between total cumulative score for the first day (condition C) in the
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experiment described in the last paragraph, and the first four trials of
day 2 (condition D) was only .68, suggesting that the relief from work
inhibition variably affected different individuals. Intercorrelations
were also run between 4-trial segments; ““in general, adjoining seg-
ments correlate most highly with each other and, with increasing
distance between segments, the coefficients decrease. Correlations
between adjoining segments . . . range from .84 to .96 while those
between the most distant segments, i.e., between initial and final
segments vary from .69 to .82.” (Spence et al., 1945.) Total scores
correlate most highly with the middle segments than with initial or
terminal segments, and gains correlate zero with initial status, but
increase their correlations consistently with later segments up to values
of .60 and .70. These results are in good agreement with the “superdi-
agonal” hypothesis quoted in Chapter 2.

In spite of the obvious and often-mentioned similarity of verbal
and motor reminiscence, no experiment to compare the two was in fact
reported until the end of the period under discussion, when Leavitt and
Schlosberg (1944) reported on the retention of verbal and motor skills.
In a well-controlled experiment they had 48 students learn nonsense
syllables for 10 trials, and practice for 10 30-sec trials on the pursuit
rotor; the actual tasks and times had been carefully chosen so as to give
learning to a similar degree. Subjects were divided into four groups,
and retested after 1, 7, 28, or 70 days. It was found that pursuit-rotor
learning showed considerable reminiscence, nonsense syllable learning
none, and that pursuit-rotor performance stays up much better than
verbal performance. The authors look for an explanation of reminis-
cence in terms of the dissipation of decremental factors which had
depressed performance below the level of learning; they found that
even when reminiscence was partialled out, the pursuit-rotor perfor-
mance was still much better remembered than the nonsense syllables.

Leavitt (1945) submitted the same data to another form of analysis
to throw some light on the problem of the relation of the speed of
learning to amount retained and to reminiscence. For both verbal and
motor learning correlations between score on last learning trial and
score on first relearning trial were positive for the one-day rest group,
and negative for the 28- and 70-day rest groups; for the 7-day rest group
verbal learning showed a positive correlation, motor learning zero
correlation. Considering only pursuit-rotor learning, ““there is a high
positive relation between amount learned and amount reminisced after
1 day (.54), up to moderate levels of mastery. After seven days there is
essentially no correlation (—.06).” (Leavitt, 1945.) The figures ““indicate
an increase in percent reminiscence with an increase in level of learn-
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ing.” The term “level of learning” is somewhat ambiguous in this
context; it is well known that there are quite high correlations between
initial and terminal trials, so that score on last learning trial, which is
Leavitt’s measure of learning, is more realistically seen as a measure of
total ability, i.e., of an ability already shown on the initial trial, and
before any programmed learning had taken place. A proper measure of
“learning” would have to be related to the slope of the acquisition
curve, not to its terminal point. If we may translate Leavitt's statement,
then, we might say that there is some evidence in his work that
individuals of high ability show greater reminiscence effects than indi-
viduals of low ability, when rest periods of a day or so are involved; for
periods of a month or longer the relationship seems to be reversed, with
low ability Ss showing greater reminiscence. This reversal suggests that
the Bahrick, Fitts, and Briggs paradox might not be involved. This
study will be discussed again in a later chapter.

The Melton (1947) report on Apparatus Tests is a rather forbidding
document of 1056 pages; it contains much information of interest to
students of motor skills, but this information is largely incidental to the
main purpose of the series of studies reported, namely the design and
validation of selection batteries for air crews. The report is important,
not only in its own right, but for two additional reasons. In the first
place, the needs of military testing of thousands of recruits under
conditions which combined simplicity of operation with absolute relia-
bility of results and comparability of apparatus led to the design of
pursuit rotors and other pieces of machinery which were far superior to
those previously used, and set a standard of design (and maintenance)
which was to become obligatory in more academic research in post-war
years. In the second place, the program on which these pages report
had the effect of bringing together a large number of promising young
psychologists whose imagination was fired with the promise held out
for theoretical and academic psychological advance by a closer study of
the phenomena with which they were dealing in the restricting military
environment; when at the end of the war they dispersed, they carried
away with them a desire to go on working in this field and solve some
of the problems which had inevitably been sidestepped during the war.
The report may thus be seen either as the end of the ““between wars”’
period, or as the beginning of the ““after war”’ renaissance; we prefer the
former interpretation in view of the failure of the A.A.F. program to
produce any theoretical advances. In this chapter we will only look at
results directly relevant to reminiscence; in the previous chapter we
already considered the correlational results reported by Melton.
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Figure 3-6. Reminiscence on Discrimination Reaction Time test. Drawn from figures by
Melton (1947).

Apart from the Pursuit Rotor test, reminiscence scores are given for
5 tests which will not be described in detail. The first of these tests is the
Discrimination Reaction Time. Performance is shown in Figure 3-6 of
one group of Ss who performed 4 successive sets of 20 reactions during
the original test, and during retest after 7 days; another group of Ss was
retested after 20 days. There is clear evidence of reminiscence for both
groups, amounting to 10% of their original scores, or 30% of the total
amount of improvement from first to last trial. The difference in remi-
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Figure 3-7. Reminiscence on Finger Dexterity test. Drawn from figures by Melton (1947).

32

niscence as a function of length of rest cannot be evaluated in view of the
different level of pre-rest performance of the two.groups.

The second test is the Finger Dexterity test, results from which are
shown in Figure 3-7. Three groups were tested with rest intervals of 35
sec, 1 week, and 28 days (approx.); reminiscence was found for the two
longer rest periods, but not for the 35-sec period. Again it is not
possible to compare the effectiveness of the longer periods compared to
each other in view of the different levels of performance of the groups.
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Figure 3-8. Reminiscence on Rudder Control test. Drawn from figures by Melton (1947).
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Figure 3-9. Reminiscence on Two-hand Coordination test. Drawn from figures by Melton
(1947).

All one can conclude is that here, as with all motor tasks, forgetting is
slow even over quite long periods, and reminiscence occurs almost
irrespective of the time interval as long as this varies from a day to a
month or so.

Third is the Rudder Control test, results from which are shown in
Figure 3-8. Only one group was used, with a rest period of 28 days
(approx.), and there appears to be forgetting rather than reminiscence.
Possibly this test requires more “warm-up’’ than the others; there is
some evidence of PRU which may indicate that “warm-up decrement”
has hidden the true effects of reminiscence. Such an interpretation is of
course highly speculative, and cannot be adequately defended on
empirical grounds.

Fourth is the Two-Hand Coordination test, results from which are
shown in Figure 3-9. Three groups were tested, having intervals of 15
sec, 1 week, and 28 days. Data from the 28-day group are not given in
sufficient detail to make it possible to diagram them, although it is clear
that reminiscence is present to a slightly higher extent than the 1-week
group. Reminiscence for the 15-sec group is doubtful, but there may be
a true effect; that for the longer period is quite strong. Another experi-
ment supports the hypothesis that reminiscence accompanies the inter-
polation of rest pauses. Four groups of 50 Ss each were given massed
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Figure 3-10. Reminiscence on Complex Coordination test. Drawn from figures by Melton

(1947).

practice, for 8 min; spaced practice, with sixteen 30-sec trials with 30-
sec rest intervals between trials; and two intermediate conditions using
eight one-min trials with 15-sec rest pauses between trials. The termi-
nal score for the massed group was 53.1, for the spaced group 69.8, and
for the two intermediate groups 58.8 and 58.4, thus demonstrating the
superiority of spaced over massed practice in this task.

Fifth is the Complex Coordination test, results from which are
shown in Figure 3-10. Twenty-eight days elapsed between test and
retest. Results here are similar to those on the Rudder Control test, and
may be so for the same reasons hypothethized above; here too there is
apparent forgetting, followed by a marked PRU suggesting ““warm-up
decrement” masking true reminiscence. Again this suggestion must
remain highly speculative in the absence of appropriate experiments to
demonstrate its correctness.

The data suggest marked reminiscence effects on motor tests, even
over quite long periods, except when the test is rather complex and
appears to require the operation of higher cognitive processes. Under
these conditions the possibility has been suggested that “warm-up
decrement’”” may occur and mask the existence of true reminiscence.
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We may now summarize the work done during the between-war
years. The phenomenon of motor reminiscence was rediscovered, and
most of the detailed findings of Kraepelin and his students were repli-
cated, although usually without acknowledgment. The apparatus used
in these investigations was improved and perfected until it was almost
adequate to meet the minimum requirements one might legitimately
make of a simple piece of physical instrumentation. There was little
theoretical sophistication, most discussions centering on such concepts
as fatigue and work inhibition were usually too ill defined to be of
much use. Some knowledge had been gained of the place of pursuit
learning and ability in the taxonomy of motor skills, and it was known
(although this knowledge was carefully disguised) that heredity played
an important part in the determination of individual differences in
performance. Interest in motor reminiscence and the differences
between massed and spaced practice was beginning to grow exponen-
tially, and this growth of interest was perhaps the most promising sign
for future developments.

There was one exception to our generalization that theory played
little part in the development of reminiscence research, and as this
exception was instrumental in causing a good deal of experimental
work during the between-war years, and completely ceased to affect
later work, it can with advantage be discussed in this chapter. The
theory referred to is that of Snoddy (1920, 1935, 1938), and although his
monograph is difficult to follow, partly because of the impenetrable
thicket of qualifying clauses, wrongly chosen adjectives and irrelevant
adverbs, and partly because of a certain mythical assumption of global
applicability of physical notions to psychological processes, it neverthe-
less did give rise to experimental research which advanced the study of
motor learning. In view of the difficulties experienced in following his
argument, direct quotation of his views would seem to be the fairest
way of presenting his theory. Snoddy posits “two wholly different
growth processes. . . . Let us call the early, stable form of growth,
primary, and the later, unstable form, secondary growth. . . . If one is
early, the other is late; if one is stable, the other is unstable; if in one
individual differences are increasing, in the other individual differ-
ences are just as certainly decreasing; if one growth is increased or
enhanced by 