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Preface

In their journals and professional meetings early childhood educators-
devote a great deal of time to reassuring themselves and athers thét they
truly love children. I have noticed that even scientists, when addressing
this sudience, will grasp some opportunity fo let 1t be known that deep
down inside, and scientific objectivity notwithstanding, they too love
children. Since some such testimony seems to be a iequixgment_for being
taken seriously, I hereby render miner In ail my adult years I have en-
countered only about ten people I didn‘t like, and no more than *wo or three
of them have been children. . I believe that this proportion is respectsbly
low, considering that children do not generally go out of their way to make
themselves agreeable or to hide their faults.

The importent discovery, which first made itself widely known during the
eighteenth century, that children are human just like the rest of us, became
exaggerated duriing the Romentic era into the belief that children are more
human than the rest of us, This belief still has a powerful hold on the
popular imagination, and nc¢ doubt accounts for the sanctimonious insistence
on 8 reverentiel attitude tcward'éhildren; Behind this belief, however, I
detect in many devcoted early childhood educators :am! abhorrence for the
modern adult world, with its "discipline of the machine,! its timetables,
its relentless purposefulness, and its insistence on logic., Such educators
turn in dread from any suggestion that early education should be a calculated
preparation for the rigors of adult life.-

If an attitudinal test is to be required of people.who would like to have
a part in the education of young children, I would iik; to see it contain some

indication of how a person feels about adulthood as well as childhood,
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To establish the precedent, I hereby of fer a second testimonial: The improve-

ment in the quality of existence that can take place between early childhood

1=

(4]
ol
'....I
[
(e
gy

and maturity seems to me as great as the improvemen a
phylogenetically between the level of the rat and the level of the human child.
A popular and, as usual, groundless belief has it that half of adult intelli-
gence is acquired by age four (Leonard, 1966). But the child who dies at age
four has not lived half a life, He has scarcely begun the great adventure,

available only to homo sapiens, of establishing mastery through his intelli-

gence over a world that dwarfs him in every other respect. With each genera-
tion the magnitude of this adventure grows, both in its risks and in its
potential triumphs.

Few of us are as fit as we might have been for this adventure. Most
people have to settle for being spvectators, some find the sdventure 350 dis-
tressing that they will have 70 o do with it at all, and some of these,
unforturatsly, seek refuge in the world of the child, where the child's
ignorance becomes their delight.

The new curriculum movements that have exploded in the last decade
seem Lo have received their impulse, not from new facts, but from a sudden
shift in the valuation of what was already knowr to be the case. For a long
time educatcrs had been concerned with the large number of pupils who failed
in high school mathematics. But they were finally made to realize (largely
through college teachers of mathematics) that the pupils they had counted
as successful were also failures, that what had passed for knowledge and
intelligence was, by another standard, ignorance and stupidity. On considera-
tion of what the children were being taught in high school mathematics, it
became evident that there was no reasol why this sorry state of affairs had

to continue. This shift in valuation has since spread over the whole range

of academic content and levels. The normatively average student, who had
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sc long enjoyed the blessing of educators (providing he was also emotionally

and sccially well-adjusted), was thenceforth judged to be illiterate, unthink-

ing, uninformed, and out-of-date.

Sputnik has been blamed Tor this shift in valuation, but it could only

have triggered what had to come. Very simply, the modern age in its totality

n it as an active_member be more

0

0

requires that anyone who would participat

intelligent than people have been in the past. This requirement is naturally

a bit perplexing to the educator who thinks of intelligence as something partliy

delivered through the genes, and otherwise a matter of how much love and attention

one has received as a young child. There is no evident way of drastically alter-

ing the gene pool or upgrading the love and attention children receive, But

what is meant by upgrading intelligence in general is the same as what is meant

by upgrading mathematics ability in particular: it means teaching children more

of what is most valuable, and teaching it better. With older children it is nct

so difficult to see what this means, although it may be difficult to bring it about.:

But with preschool children it is not at all evident how this notion applies. We

are used to +hinking of them as developing rather than learning, as being nurtured

rather than being.taught. For older children logic is a subject; in younger

children it is a trait.

If there is a discontinuity between school-age and preschool children,

however, it stands to reason that it must be a discontinuity in our thinking

rather than in the natural order. If we find it difficult to think of early

childhood education in terms of rate of learning, structure of disciplines,

definable content, prerequisite concepts and skills, clarity of statement, and

so on, it is perhaps only because people before us have not bothered to try. It
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is only as we learn to do so that we shall be able to talk purposefully about
improving early education to make children more intelligent.

My hope is that the studies reported here will make some contribution to
eliminating the widening gap between our understanding of curriculum and instrue-
tional problems in education at higher levels and our understanding of these pro-
blems at the preschool level, where the question, "What did you learn at school
today?" is so incongruous that only a child could fail to appreciate its absurdity.

The eight studies making up this report were carried out over the course
of three years; what with the coming and going of personnel between and during
studies, some LC people had a direct hand in their execution. Some of the people
who had major parts are identified as joint or sole authors of sections of the
report--Siegfried Engelmann, David Brison, Martin Bender, and the late Charles
Summers. Two others whose contributions to the project have been great in value
and extent are not so identified, however--Philip Reidford, who was significantly
involved in most of the major undertakings of the first two years, and Jean
Osborn, who joined the project at the time the first full-scale preschool was
conceived, and without whom it could never have developed into what it has.
Others who can be singled out for special contributions at various points along
the way are Mary Lou O'Connor, Elaine C. Bruner, Roger Gehlbach, Kay Case, and
Ingeborg Rose. It remains to find some way of indicating, within the brief span
of a sentence, the profound and many-faceted contributions of Siegfried Engelmann.
To retreat into the indefinite, I shall say that if anything in this report
strikes the reader as meritorious, there is a good chance that most of the

credit is due to himj; I will go further and say that he is even entitled to a

share in its faults.

Carl Bereiter
Urbana, Illinois
February, 1967
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1.0 Introduction

o
VA

This study started out to be psychological and ended as a study in
pedagogy. In retrospect, it is possible to discover a foreshadowing of this

mutation in the original statement of problem, which is here quoted in full

from the project application:

The importance of the early childhood years for personality
and social development has long heen recognized by psychologists,
and important changes in child-rearing practices have resulted.
The possible importance of these years for intellectual develop-
ment has wtil recently received much less attention. This dis-
parity of interest is reflected in our nursery schools which,
however much they may contribute to the socialization of chil-
dren, touch only incidentally on matters relating to intellectual

development.

A recent upsurge of interest in early cognitive development
appears to have its intellectual roots in (1) a belated recogni-
tion in this country of the significance of Piaget's work, with
its emphasis upon the active and complex intellectual life of
the young child, (2) the evidence from a variety of educational
experiments, but particularly those of 0. K. Moore with the
teaching of reading to very young children, that young children
are capable of much higher intellectual attainments than had
previously been thought and that these can be achieved without
coercion or strain on the child, simply by capitalizing on his
exploratory and problem-solving propensities, and (3) a number
of human and animal studies showing profound and far-reaching
effects of experiential enrichment and deprivation.

Tt appears that we have scarcely begua to explore the
potentialities for acceleration and enhancement of early in-
tellectual development. What is needed at this time is a
great deal of what may be called "innovative research' --that
is, research which tries out a variety of new ideas and remains
open and flexible enough to pursue any leads which seem promising.
This is a proposal for a series of six studies of this nature.
These studies should contribute to our presently scanty know-
ledge of techniques for accelerating cognitive development in

young children.

The problem is couched in the language of developmental psychology.
The key issues suggested in paragraph two are the child's capacity for self-
actuated intellectual growth and the possibility of speeding up intellectual
growth by improved oppcrtunities and increased stimulation. The final paragraph,

however, suggests that there may be more to it than this, that speeding up

-
it




intellectual growth (whatever that might mean) requires more than simply
throwing stimulating material in the child's way, that some technology is
needed. Although it is certainly not clear from the above paragraphs, L
+hink T was conscious at the time that children become smarter through
learning things, and that therefore "techniques of accelerating cognitive
development” had to involve ways of teaching young children things they
didn't already know and that would be of some use to them in subsequent
learning. The implications of this view lead straight to pedagogy.

However uncertain the rationale, it is the case tﬁat, instead of setting
out to stimulate intellectual growth in some general fashion, we attempted
from the start to teach children various concepts and skills that we thought
might be important. In the course of these attempts, the first of which
were quite fumbling, we quickly lost interest in such generalities as cognitive
development, enrichment, stimulation, and the like. It became evident that
reading, for instance, whether it is presented at age three or at age seven,
is still the same task. There are certain things that have to be learned
regardless, and once one begins to consider hcw +o teach these particulars
to the children one is dealing with, such notions as level of dsvelopment,
enrichment, and stimulation lose their relevance. This is not such a
radical notion in regard to reading; but if it is true of reading, why is
it not also true of anything else a child may learn? May it not be the case
that in teaching children to reason, to be creative, and so on, one is also
dealing with tasks that have certain requirements regardless of the learner,
and that the problem is always a pedagogical one of devising curricula and
teaching methods that will enable the child to meet these requirements?

This is the view we were led to in the course of this investigation; as a




result the original roots in developmental psychology were severed and nev

roots were established in the sulject matter of learning.

Section 2 of this report spans the transition from psychology to pedagogy .
T+ includes three of the six studies originally proposed: a pilot study in
the teaching of reading to very young children, which was concerned with pre-
sentational modes, but which was conceived with hardly a thought to the partic-
ular things children of any age would have to learn in order to read; a study
in -creative problem-solving applied to construction activities, again concerned
with "treatment variables" rather than with content: a éthdy in teaching con-
servation of substance--here, however, unsuccessful pilot work led eventually
to a consideration of what children had to learn in order to be able to handle
the task, and thence to a successful approach by David W. Brison, in which

conservation was treated as a learning task involving identifiable problems of

motivation, attention, and comprehension like any other. Whereas the original
proposal had called for further work with concrete operations, Siegfried
Engelmann jumped ahead to teach a formal logical algorithm to preschool children,
and in so doing developed a prototype for the teaching of advanced subject
matter to young children through the careful use of analogic structure and
verbal rules.

The second phase of investigation, reported in Section 3, tcok off from this
point. Having completed the transition to a pedagogical approach to intellectual
development, the tempting course of action was to abandon the question of
whether children could learn this or that and try to get some idea of how much
children could learn from a fast-paced, content-centered curriculum. Disad-
vantaged children were chosen for the first study, as ones least likely to be
learning the material out of school. Middle-class children were used in a

second study, to provide comparative information, and also to take advantage of
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the opportunity of measuring the effects of the program against those of

a different approach, more closely wedded to a mentalistic view of intelli-

gence--the Montessori method.

1.2 Historical background

If one chose to take a "great man" view of educational history, then
early childhood education could be regarded as the lengthened shadow of Jean
Jacques Rousseau. In Rosseau's Emile, wfitten over two hundred years ago,
we find stated with amazing clarity the ideas which even today form the creed
of the "modern” educatér in his battle against the forcé; of traditionalism.
The following quotations are taken from Boyd's (1962) translation:

People sometimes speak about a complete man. Let us think rather of
of a complete child. (p. 65)

The wisest people are so much concerned with what grown ups should
know that they never consider what children are capable of learning,
They keep looking for the men in the child, not thinking of what he is
before he becomes a man. (pp. 5-6)

Begin then by studying your pupils better; for assuredly you do not
know them. (p. 6)

This is nature’s way. Why set yourself against it? Do you not see
that in attewpting to improve on her work you are destroying it .and
defeating the provision she has made? (p. 17)

The only habit the child should be allowed to acquire is to contract
none. (p. 22)

May I set forth at this point the most important and the most useful
rule in all education? It is not to save time but to waste it. (p. 41)

...the first education should be purely negative. (p. 41) So far as
you can, refrain from a good instruction for fear of giving a bad one. (p. L3)

...before you dare undertake the making of a man you must be a man
yourself. (p. 42)

No Verbal Learning (p. 46) For what in fact do they [the professional
pedagogues] teach? Nothing but words. (p. UT)




Reading is the greatest plague of childhcod. (p. 51) Our first
masters of philosophy are our feet, our hands and our eyss. To put
books in place of this experience does not teach us to reason: only
to be credulous and to borrow the reason of others. {p. 54 )

He learns his lessons from nature and not from men. (p. 54)

Make your pupil attend te the phernomena of nature, be in no hurry
arouse his curiosity. Bub to nourish this curiosity, be in no hurry
to satisfy it. Suggest problems but leave the solving of them to him,

Whatever he knows, he should know not because you have told him, but
because hie has grasped it himself. Do not teach him science: let him

Som “

discover it. (p. 73)

Rousseau’s ideas involved a number of psychclogical, anthropological,
and sociological speculations. They antedated by a century the scizntific
study of these areas of knowledge and they were not in any sense prophetic
of subsequent findings. Their survival, therefore, stands as testimony
to the lack of significance that these sciences have had for educational
theory.l

Piaget has replaced Roussau’s simple notions about the emergence of
mental faculties with an elaborate theory of genetic epistemology, but when
it comes to drawing inferences about what this means for educational practice,

the conclusions emanating from the Institute Jean Jacques Rousseau do not

differ appreciably from those of its namesake (Piaget, 1964). Even among those
psychologists who will credit him with little else, Freud is supposed to have

administered the coup de grace to the eighteenth century notion, shared by

Rousseau, of the rational man. Yet the prescriptions for child-rearing set
down by one of the modern psychoanalytic thinkers who has gone farthest in
translating ego psychology into operational terms read, in large part, as if

they were lifted word-for-word from the Emile (Dreikurs, undated) .

;A recent article in Look Magazine (Leonard, 1966), illustrates the
perennial rediscovery of these ideas. Virtually every one of the Roussegtrian
ideas cited above is put forth in this article as the latest thing on the
educational horizone,the fruit of recent psychological discoveries.




Rousseau did not offer a technology of education, a systematic set of
rules that could be applied withcut additional invention to bring about

desired resuits.

My plan is not to go into details, but only to set forth general
principles and gives {sic) examples in difficult cases. (p. L&)

It remained for others to devise techniques. The quaint sensory training
devices of Maria Montessorri (1912) and the e¢lectronic age implements of
0. K. Moore (1963) are alike in their Rousseauian conception. They are not
techniques for controlling or shaping the child but fon;controlling and
shaping the environment in which the child autonomously learns. The efforts
£o build modern science and mathematics curricula around "discovery learning"
are in.the same vein. Whereas Rousseau had to take Emile to the same hilltop
for meny sunsets and sunrises to point out to him a phenomenon that might
pique his curiosity, the modern science teacher can produce a device such as
a pendulum on a spinning platform that will dramatize an interesting phenomenon
more handily, but the principle of "Do not teach him science: 1let him dis-
cover it" remains the same. The role of the teacher in all of this is not
to teach but to arrange encounters between the child and the physical world
from which learning will emerge. Rousseau objected to trying to teach children
what they would need to know in the future on the grounds that the child would
probably not live to make use of it (p. 33); today's educators object on the
grounds that the child will probably outlive the usefulness of the knowledge
we have to impart. In practice it comes to the same thing.

To Rousseau's eighteenth-century mind, systematic pedagogy was an example
of the irrational attempt to improve upon nature, whereas the sane thing to do
was seek accord with nature. The industrial revolution of the following century

took place over the dead bodies of defenders of this view, although the view
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survives today among what C. P. Snow (1963) has called the "new Luddites."
ffechnology had been developing since prehistoric times, but it may be said
that in the nineteenth century people discovered what technology was about
and began to develop a technology for technological progress itvself. The
secret, as Whitehead has noted, was ©o start with the desired end result and
work backward through a series of steps that were capable of bringing it
about, rather than starting with things as they were (the "natural order")
and looking for some way to alter them. Thus, the steam locomotive and the
automobile were not ways to improve upon the horse, but ways %o "harness' the
most efficient sources of power in the service of locoﬁbtionu Nature was
something to be used rather than improved upon. Paradoxically, this burgeoning
technology was aprlied to virtually every area of human activity except that
which dealt with human behavior itself (Skinner, 1958). Thus it was possible
for pedagogy to remain, as it remains for most people today, embedded in a
pre-nineteenth century way of thinking. It is this, I think, which explains
the amazing currency of Rousseau’s ideas and their immunity to the advance cf
scientific knowledge.

The incongruity of this survival of eighteenth century thought in mid-
twentieth century America is dramatically illustrated in Proje~t Head Start.

The War on Poverty, of which Head Start was to be a major instrument, repre-

»

sents the typical twsntieth century faith in technology. A previously un-
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realized goal, the abolition of poverty, was set, and means were sought to
bring it about. This was quite a different matter from the philanthropic
efforts of earlier generations merely lo improve upon things as they were.
Early education of children of the poor was seen as a necessary step toward
the attainment of one of the requirements of a povertyless nation--the

breaking of the tie between the intelligence of children and the education




of their parents. But what could an ceighteenth. century conception of
education offer? An appeal to "nature'’s way," to negative teaching, to

+he avoidance of verbal learning, to & rejection of concern Ior "what

grown ups shouid know" in favor of a concera over "what children are capable
of learning." The children of the poor, therefore, were to be educated,

in so far as the intellect was concerned, in the same manner as Rousseau's
Emile, the fictional son.of a wealthy nobleman, whose only income-pro-
ducing skill was to be that of a carpenter! It is iroﬁic that Rousseau

drew muchk of his inspiration from the peasantry, whose character and style
of life he tended to idealize. Thus twentieth century educators, when
called upon to assist in eliminating the remnants of peasantry and its urban
counterpart, were drawing upon an educational philosophy which glorified those
very traits that made people peasants, that barred them from advancement in
a society built upon technological sophistication and verbal intelligence.

Tor those who recognized that the problem might require different
measures for its solution, the course taken to find new measures wvas
precisely that prescribed by Rousseau: "Begin then by studying your pupils
better; for assuredly you Go not know them." The pre-industrial belief,
agein, that the way to improve transportation was by studying the horse.
Tnnovations in education were attempted, but, true to Rousseauian premises,
they consisted of altering the environment, enriching its content of objects
and devices. The child was still to go his own way.

Educational research today may be characterized as an attempt to leap
from the eighteenth century to the twentieth century wiéhout passing through
the nineteenth. Its achievements to date would suggest that this is not
possible. By far the largest part of educational research has been devoted

to "studying our pupils better,” to describing with increasingly sophisticated




\0

techniques their course of development and to identifying the distinguishing
characteristics of the underachiever, the non-reader, the gifted child, and

50 on. This remains the most active area of educational research today.

“he second most active area, to judge, for instance, by papers submitted

for the annual American Educational Research Association convention, is that
which deals with characteristics of the school envirorment--classrcom atmos-
phere, teacher characteristics ("vefore you dare undertake the making of a

man you must be a man yourself"), and the frequency of various sorts of teacher
acts. The research techniques are modern, but the paradigms of the educational
process within which they are applied antedate the technological era.

On the practical side, education gives every indication of entering,
experimentally at least, the electronic age. Television sets appear in school
classrooms, but the face on the screen is that of Emile’s tutor. The teaching
machine gives an even stronger impression of twentieth century technology.
Beginning as a typical nineteenth century apparatus of gears and levers, it
has matured into a computer-controlled system making use of a variety of
advanced hardware. Still, available evidence seems to indicate that it is
the content of the instruction purveyed by machine or text that makes the
difference rather than characteristics of the medium. The critical aspect
of this new educational technology is the breaking down, of some large unit
of learning, such as "fractions" or "Russian grammar' into discrete con-
stituents each of which can be learned in their order and which are suifi-
ciently well defined that it is possible to test whether they have been
learned before instruction proceeds to the next item. As Cronbach (1963)
has observed, the main contribution of the machine or "programmed text"
medium is that it forces the program writer to perform this analysis rather than

approaching instruction in the haphazard way that ordinary textbook writing
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or curriculum planning allovs. But for this kind of analysis of instructional
wnits, no technology exists. The program writer must proceed as intuitively
as he would have had tc centuries ago.

Tt is the program and curriculum writers, engaged in the laborious task
of analyzing learning units into their necessary constituents, who may be said
to be working their way through the nineteenth century. It does not maf%er
that they are trying to teach twentieth century science or mathematics. The
same job could have been done a century ago with the science and mathematics of
that day. The point is that it was not done then, and it has to be done before
anything that can be called a technology of instruction will be realized.

For what the program writer does 1s set a learning goal and then devise
s series of steps leading up to it. Tt is the same kind of working backward
from end through successive means that took place in the projects large and
small which added up to the industrial revolution. That the industrial revolu-
tion had to do with machines is only a result of the fact that its concerns
were largely with the processing and transportation of goods. s essence
was the way in which previously unrealized goals could be pursued thraugh
efficient means. Thinkers of the past had found it difficult to conceive of
ways of pursuing previously unrealized goals except through appeal %o analogy
or through utopianism. Appeal to analogy often failed because it was difficult
to find analogies that were close enough--consider the failure to achieve human
flight through the application of analogy with birds. Utopianism consisted
of envisioning a set of conditions that would make aitainment of the goal
possible, but without being able to indicate how the conditions themselves
might be achieved. Rousseau’s scheme of education relied heavily on both

analogy and utopianism. He saw the infant as analogous to an animal and the

child from two to twelve as analogous to the savage, and he drew many of his
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proposals from what he believed to be true of the development of animals 2nd
savages. Two conditions essential for the realization of his educational ideal
were the isolation of the child from societal influences and the possession of
extraordinary qualities by the tutor, both of which Rousseau himself recognized
as impossible of attainment (pp. 19, L42).

It would be inaccurate to suggest that no technological progress in
educaiion has been made during recent centuries, Jjust as it would be inaccurate
to say that no industrial technology had developed before the nineteenth century.
Betweea the Middle Ages and the middle of the twentieth century, the teaching of
reading had progressed from a kind of black art to a set of regular procedures
that appear to be successful in about 80 per cent of cases. Such technical
advances as have occurred, however, have been more in spite of than through the
agency of the kind of analogical and utopian thinking engaged in by Rousseau.

With considerable scorn, Rousseau noted,

, Great stress is laid on finding better methods of teaching children
to read. Reading cases and cards have been invented, and the child's
room has been turned into a printer's shop. Locke suggested the use of
dice. Fancy all this elaborate contrivance: A surer way that nobody
thinks of is to create the desire to read. (pp. 51-52)

A worthwhile suggestion, perhaps; but Rousseau apparently did not consider the
possibility of developing a technology for creating the desire to read.
The most ambitious attempt to develop a technology of instruction was that

of the Jesuit educators, embodied in the Ratio Studiorum, which was issued in

1599 and revised from time to time over the next 2G0 years. True to the spirit

of technology, the authors of the Ratio Studiorum sought neither to obey natur<

nor to improve upon it, but rather to use it for their purposes. For instance,
rivalry among students (the program was designed for older pupils) was deliber-
ately exploited by assigning each pupil a competitor or by dividing the class

into two armies who competed for scholastic honors. The approach to imprcving
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educational methods was empirical rather than inventive, however. The idea
was to search out the best of what was already being done rather than to set
new goals and devise ways of reaching them (Curtis & Boultwood, 1956, pp. 151-
158).

Tt seems fair to say that most technical progress in education since the

Ratio Studiorum has been of the same kind--empirical rather than inventive.

In recent years objective research methods have partly taken the place of

expert judgment in identifying the best of existing techniques, but they have
not led to any greater emphasis on invention. In fact, some curriculum planners
have claimed that objective methods of assessment have tended to discourage in-
vention, since they do not allow for the possibility that innovations in method
may outrun the development of objective criteria for evaluating them (Atkin,
1963). What is perhaps more crucial, however, is the fact that crude empiricism
does not allow for intrinsic differences in the perfectibility of methods. To
use our well-worn example of the horse and the motor car, the first motor cars
would probably not have fared very well in empirical comparisons with the horse.
Certainly this was true on the criterion of reliability. The difference was
that the horse was about as good as it could become, whereas it was evident to
anyone who understood the design of the motor car that it contained within it
the potentiality for far-reaching improvements. In the early stages of tech-
nological development, perfectibility is usually a far more important criterion
than immediate performance. As Whitehead (1948, p. 91) noted, for invention

to flourish, it is important to be able to look ahead to the next step in
technological advance. It is this which makes possible what Whitehead (1948, p.
92) has aptly called "disciplined progress, progress which may be pursued
professionally without having to wait for "the occasional genius, or the

occasional lucky thought."
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The notion of an educational technology is easily misunderstood. At the
risk of some repetitiousness, I shall try to indicate what a technology of early
education would mean and contrast this with the situation that actually exists.

A technology of early education does not necessarily entail the use of mechanical
or electronic gadgetry, although it may. It does not mean converting an art
into an exact science. It has more to do with how art is applied. The first
requirement of technology is that remote goals or desiderata must be cast in

the form of problems or difficulties that can be dealt with one at a time

(Whitehead, 1948, p. 92). Moreover, it must be possible to relate the problems
to one another, as well as to the ultimate goal, so that when a problem appears
insurmountable, it can be replaced by alternate problems or reduced to sub-pro-
blems; also, the problems should be related in such a way that when one problem
is solved it is clear what new problems can or should be tackled, making use of
the solution that has been achieved. In this way, orderly progress is possible.
The beginnings of a technology of reading instruction are evident in
analyses such as that of Carroll (1964). The task of reading, which in the
mature reader is executed as if it were a single coherent process of extracting
meaning from printed characters, is broken down by Carroll into separate pro-
blems an.d sub-problems that can be treated individually yet without losing
sight of the way in which these problems are related to one another. The
hierarchical analyses carried out by Gagne and his associates (Gagne, et al.,
1962) on mathematics learning tasks are also examples of the beginnings of

"orderly progress" in the development of instructional methods. -n peither

case do the analysts provide much in the way of suggested solutions %o the
separate learning problems; but the striking thing about such analyses is that

the more thorough they are, the more problems and difficulties they are able
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to isolate, the less formidable seems the task of dealing with these problems
and difficulties.

By contrast. early education has hardly reached the stage where problems
are recognized at all, let alone the stage where large problems have been broken
down into smaller problems that can be dealt with in a straight-forward manner.
Ask a nursery school teacher what her problems are and she is likely either to
state them in particularistic terms--such as what to do about Jimmy Swith, who
kicks people--or in terms of ideals--such as the fostering of curiosity, readiness
for reading, conceptual development, a positive self-image, mental health, or
ccoperativeness. These are not problems in the sense of which technology treats
of problems. They are, rather, concerns which at best provide the mctivation to
search for problems, as yet unidentified. It is possible to deal with these
concerns, and sometimes to good effect; but the successful dealing with them does
not lead to technological advance. The teacher who succeeds in dealing with
Jimmy Smith, who kicks, may in the process acquire some personal savvy that per-
mits her to deal more successfully at a later itime with Ronalé Jones, who bites;
but the skills so acquired either die with her or are passed on to other teachers
through a master-apprentice relationship. A policy or general approach may
develop that is successful in fostering curiosity in children; but unless there
is some way of determining what problems have been solved and how, what problems
remain unsolved, what new problems have been created, and what possibilities
for new atitainments are opened by the solutions that have been achieved, dis-
ciplined and steady progress is impossible. Further progress remains accidental
and identifiable only after it has happened.

The inability to meet the challenge of Project Head Start in a straight-

forward and purposeful manner is thus easily understood. Starting with the
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larger project of the War on Poverty, we can see the technological mind at
work.. The problem of abolishing poverty was broken down into a number of
sub-problems, of which one was rendering children of the pcor capable of
succeeding in school and thus reaping the economic benefits that accrue to
the well-educated person. This is the kind of broadly stated mission that
the non-specialist may be expected to hand down to the specialist, on the
assumption that the specialist will possess the technological sophistication
necessary to convert it into a program of problem-solving efforts that will
result eventually in a way of accomplishing the mission. This is what we see
happening, for instance, as scientists and engineers work toward the mission
of getting a man tc the moon and back. After several years of work, no man
~has as yet gotten anywhere near the moon, nor even tried. What is happening,
however, is that difficulties standing in the way of accomplishment of the
mission are being identified and overcome, and new proklems are not only being
encountered but are being sought out sysiematically, so that the whole effort
has a clear direction to it, even though no one could have set down, in the
early stages of the project at least, a complete and adequate recipe for
accomplishing the mission.

Superficially, it might appear that the same kind of thing has been going
on with respect to the mission of enabling poor children to succesd in schrcl.
A large amount of research has been going on, which has turned up a good deal
of information about the children in question. A variety of educational pro-
grams are being tried and their effects being measured. But if we ask the same
kinds of questions that can be asked of the moon mission--what difficulties
are known to stand in the way of its accomplishment, which ones have beein over-
come and which have not, what the problems are in overcoming the remaining

difficulties, what efforts are being made to seek out and anticipate other
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difficulties, and what the indicated next steps are for bringing the project
to fruition, what sort of timetable the project is on, etc.--some revealing
differences come to light. In the first place, the mission of compensatory
preschool education (to give it a title) was approached as if it couid be
accomplished straight-away. It was as if the space scientists, being handed
the moon mission, had proceeded immediately to launch all the equipment they
happened to have available on the outside chance that something woulé reach
the moon, and then had reflected soberly that although none of the eiforts was
entirely succegsful thers was some merit in each of them. What problems other
than administrative have been solved? None. What problems other than adminis-
trative are we now closer to solving today than we were in 1964? It is impossible
to say. What stumbling blocks other than administrative have we discovered that
were not foreseen? What, in Tact, are the problems that need to be solved before
we can succeed in the mission of enabling poor children to succeed in school?
This last is the most importar® but also the trickiest question, for it
brings into doubt the relevance of all the research that has been devoted to
early learning and to disadvantaged children. To be sure, we can say much more
about young children in general and poor children in particular than we could a
few years back, but does this allow us to state any problems in a way that we
can tackle them? We also know much more about the environment beyond the earth's
atmosnhiere than we did a few years back; but this knowledge has proved its worth
by allowing us to set aside some problems that people had thought might be
serious but have turned out not to be and by enabling us to define other praqt109l
problems much more precisely.
It is necessary to distinguish two kinds of problems. One, we may call

epistemic problems; they represent obstacles in the path of our knowledge or

O —

L “,
D T ) D N e O T e R P . — . . "
- R R Tt B e e e L i s i SR R - s o=




17

understanding of phenomena. The other, we may call technical problems; they

represent obstacles in the path of cur attainment of some practical objective.

The two kinds of problems are related but not coterminous. There are epistemic

b sy b Bt e e

problems concerning conditions in outer space--the distribution of radiation,
for instance. But radiation may or may not present technical problems for space

travel--problems that have to be contended with in the designing of equipment,

the plotting of routes, and so on. When technology is in an advanced state,

the relations between epistemic problems and technical problems are clear-cut
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and tend to be taken for granted. But when technology is primitive the relations
are obscure; vast amounts of knowledge about the phenomena one is dealing with
have no practical relevance whatever, and it is seldom clear what kinds of knowl-
edge would be of benefit. The research that has been carried out on young and
disadvantaged children has been directed toward epistemic problems. We knoy
that lower-class Negro children give preferential status to white dclls, that
their scores on most werbal tests are about a year below average, that they live
in crowded housing, that they leave final consonants off words, that they are
more physically aggressive and ask fewer questions than middle-class white
children, that most of them have not been inside museums Or travelled on
escalators, that they tend not to call each other by name, and that they have
usually not been read stories or nursery rhymes, but that they do watch tele-
vision a 1ot {see Ausubel, 196L4). What we do not know is whether any of these

things make any difference for the teacher who must educate them; or if they

do, what kind of difference and how much.
It would be getting things backwards to criticize the research that has
been done for its lack of practical relevance. Rather, it is the technological

backwardness of early education, its inability to formulate problems of a




technical nature, that makes it impossible for research to have relevance

to it. The problems of compensatory preschool education that can be
formulated are those that I have indicated earlier: particularistic pro-
blems concerning individual children or unigue situations, and mere designa-
tions of areas of concern or interest. Given this pre-technological state of
the pedagogical art, it seems quite inappropriate to plea for more research
to help guide compensatory preschool education. There is no evident way that
it could draw guidance from research.

I have concentrated upon early education as it applies to disadvantaged
children because here the urgency.of public.concern dramatizes the inadequacy of
our present state of technology. With respect to early education of the normal
child, even the‘concerns are vague--a feeling on the part of some zealous parents
that nursery schools and kindergartens should be "doing more" for their children,
and a feeling on the part of forward-looking people that the future holds chal-~
lenges that early education should somehow be mobilizing itself to meet.

The context of technological impoverishment that I have sketched is one in
which almost any attempt to set specific goals for early education and to pursue
them methodically is liable to appear radical and unnatural. This is true
not only of attempts to employ teaching machines and deliberate behavior modifica-
tion procedures, but also of attempts to apply curriculum and teaching practices
that would appear quite ordinary at higher school levels. On the other hand,
because of the lack of any cumulative know-how, it is not easy for people
to distinguish those departures from custom that represent mere whim or trial-
and-error from those that have some rationale or practical sense to them. For
that reascn, it is common for innovators to dignify their proposals with appeals
to psychological theories and precepts, even though the theories and precepts

are so remote from practical decisions that they can be used indifferently to
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support any and all proposals. Thus, in reaction to the preschool program that

we have developed through the present project, we have been variously congratulated
for having put into practice the ideas of Bruner, Ausubel, Hunt, Piaget, Skinner,
and Chomsky; and we have also been specifically criticized for “flying in the

face of" the truths set forth by these authorities. There is nothing para-

doxical in this: it merely illustrates the point that at the present time in

early educaticn there is little correspcndence between the procedures and pro-
blems involved in producing behavioral phenomena and the prccedures and problems

involved in explaining them.
2.0 Exploratory Studies

The six stud;es reported in this section were carried out during the first
two years of the project. They were not intended to have continuity or con-
vergence. Instead, they were conceived of as probes carried out to locate pro-
mising areas of early learning and promising approaches, to be made the subject
of more penetrating investigation later. Three main areas of learning were
investigated: reading, creativity, and logical operations.

The first study explored the teaching of reading to very young children.
It was small in scope and lacking in experimental control. As the report will
show, the original methods were sO modified in the course of the study that
they lost their distinctive identities, but it was through just these modifica-
tions that %ne culy findings of interest arose. :

The second study was distantly derived from the first. A teaching
machine approach that had shown some promise in the first study was tested
in kindergartens under controlled conditions, but it was used only as an optional,
free-time activity by the children and thus represented a very minimal kind of

educational intervention.
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The third study is the only one that could properly be termed basie
research, in that it sought to answer a question about children's preferences
Tor certain kinds of words rather than to test the feasibility or effective-
ness of an educational approach. As it turned out, our later work in reading
did not make use of sight-vocabulary learning, and so the results of this
study had no application within the progect; but they may be of interest for
programs that do emphasize sight vocabulary.

The fourth study was a short-term experimental zomparison of four methods
of handling construction activities in the nursery school. It was perhaps
a premature attempt at rigor in this area, since more might have geen gained
by a looser study that attempted to develop a single effective means of pro-
ducing behavioral change.

The fifth study was preceded by some exploratory work, and was a controlled
test of a method of inducing conservation of substance in kindergarten children.

The sixth study had a dual purpose. On the one hand it investigated the
possibility of teaching a formal logical operation (which children would not
normally be expected to master until near adolescence) to preschool children.
On the other hand the study involved a comparison betwzen quite privileged and
disadvantaged children on a set of tasks that put extraordinary demands on
their ability to use language in reasoning. It was this latter, more-or-less
incidental aspect of the study that provided a starting point for the second

phase of this project.

2.1 Teaching Reading to Two- and Three-Year-0lds

2,11 Problem and background
For several reasons, reading seemed to be the logical area of early learn-

ing to focus upon in studying acceleration of intellectual development. Of all
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areas of school learning it had be=en the most thoroughly studied from the point
of view of the age at which it could be mastered. After learning to talk it
was the most significant inteliz=ctual attainment of the childhood years. It

therefore seemed that the extent to which the age at which children learned to

read could be lowered would serve as a marker of the extent to which intellectual
development could be speeded up in other areas, and that very likely the approach
that was most successful in speeding up the acquisition of reading would be the
approach that was mas® successful generally in promoting early learning.

The mental age of six and a half had, with some research support, come to
be widely accepted as the age at which a child could be. expected. to handle
redading instruction successfully (Dolch & Bloomster, 1937). To lower this age
by a year or even two through a superior concentration of educational resources
would not be a particularly significant demonstration, however. Children of such
mental ages had been turning up in first grades for years, and some of them had
made satisfactory progress in reading. But to teach reading successfully to
children with mental ages below four would indeed indicate remarkable possibili-
ties for speeding up intellectual development.

There were hopeful indications that this could be done. Moore (1963) had
been starting children below the age of three at learning to read through a voice
and typewriter system thet allowed the child to explore the relations between
printed and spoken symbols independently. Fowler (1962) had published a doctoral
dissertation on teaching a two-year-old child to read; and Doman, Delacato,
Williams, and Doman (1963) had published in a woman's magazine an article which
claimed to provide a tested method of teaching reading to children, starting as

H

early as nine months.
Of the reports available, however, only Fowler's provided any data, and

that only on one subject. Although his subject did begin reading instruction
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at two years, six months, she was of exceptional intelligence (I1Q ranged from
170 to 150 on various testings), and so had a mental age of nearly four at the
time instruction began. The child did make substantiai progress in acquiring
sight vocabulary during the early months of instruction, but after seven months
she began to show signs of increasing tension and the instruction was terminated.
At the age of four and a half she showed renewed interest in reading, instruction
was resumed, and the child soon learned to read. By that time, of course,

she had attained the "normal" mental age for learning to read.

Moore's results have consistently been reported in terms of unjoined
particulars--some children start below age three, some children are of below
average intelligence, some children accomplish such-and-such before the age of
six, and so on. Thus it is not clear whether any children in Moore's studies
learned to read at remarkably low mental ages.

Finding a feasible way of teaching reading to very young children would be
a significant accomplish;ent, however, regardless of the mental age of the
children, because of the procedural and motivational problems involved. Children
of two and three cannot be expected to nave the definite desire to learn to read
that children of school age often exhibit, nor to put up with the kind and amount
of work that are called for in regular school reading instruction.

It seemed obvious that reading snstruction with very young children would
nave to be carried on through play-type activities. The approaches that others
had taken did, in fact, correspond to use of the two major media of children's
play--games and toys. Fowler and Doman et al. had used typical parent-child
games as a vehicle for reading instruction. Moore's "Talking Typewriter,”
was functionally similar to many simpler toys that command the interest of

children because of the complexity of the control that the child can gradually
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attain over it--marionettes, gyroscopes, and magnetized dogs, to name simple

instances, and model railroads, to name an example which in its most elaborate

orsions approaches the complexity of the talking typewriter itself. In attain-
ing control over any of these toys the child has %o attain a functional mastery
of the rules according tc¢ which the toy cperates, and so by tuilding a "toy"
that operated according to standard orthographic rules, Moore had constructed
one such that in attaining control over it the child had to learn rules that
also enabled him to read.

Although both the game and the toy approaches are based upon the child's

normal play activities, they have considerable pedagogical differences. The

parent-child game approach, as represented in Fowler and in Domen et al, is

essentially a‘means of keeping the child engaged in activities that will pro-
vide him with continued exposure to and some inducement to learn reading materials.
It is actually very much like the more relaxed types of reading instruction in
the schools, except that there is much more frosting and less cake. It makes
up for what the child may lack in goal orientation by abundant social reinforce-
ment and sheer fun. The toy approach, on the other hand, provides little con-
tinuing motivation of these kinds and must rely heavily on the child's motives
to understand and to control.

This notion of "games'" and "toys' as the two fundamental ways of structuring

learning for young children provided the rationale for the present study.

2,12 ObJjectives

This study was intended as a small, exploratory comparison of two approaches
to teaching reading to very young children, one built around social games and
the other centering upon the use of teaching machines. The purpose was to develop

as we went along a workable program of each 'kind that could be used in a larger
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and more formal experimental comparison later, while collecting clinical

observations on the responses of children to each approach.

2.13 Procedures

Subjects: Althoagh the eventual aim of the research on teaching reading
was to test methods on average three-year-old children, practical considerations
made it advisable to do the pilot work on less typical but more accessible
children--namely, children of university faculty and students. Because such
children could be expected to be intellectually advanced for their ages, two-
year-olds as well as three-year-olds were recruited. Five children at each age
level were obtained. The two-year-olds were assigned to receive instruction by
the teaching machine approach, because we were more concerned about the cognitive
problems associated with teaching machines and therefore wanted the teaching
machine group to be comparable in mental maturity to the target population of
average three-year-olds. The three-year-olds were assigned to the social games
approach, because with this approach social behavior variables seemed likely to
be more importanﬁ, and thus it was desirable to have the pilot subjects the same
chronological age as the target group.

Three weeks after treatment began, the subjects were given the Illinois
Test of Psycholinguistic Abilities. Results of this testing are reported in
Table 2.13.1 for all subjects. As expected, the subjects did tend to be above
average in test performance. Although 311 of the children were below four years
chronologically, six of them obtained a total language age score exceeding four
years. Only one child obtained a language age SCOT€ below his chronological age.

As it turned out, there was little difference in the language ages of the two-

year-olds and the three-year-olds. The mean language age was 3-10 for the younger

group and L-O for the older--a difference of only two months, whereas their
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chronological ages differed by a mean of over nine months.

Treatments:

Each group spent LO minutes a day in class, five days a week, for
approximately five months. The same rectangniar i2-by-17 foot room was used
by both groups, in turn, the equipment for one group being stacked away on
shelves when the room was in use by the other group. Each group was in the ' .
charge of a different male graduate student.

1. Teaching Machine Approach. This approach followed a cafeteria principle.

Several different machines were to be available at all times for the children

to use as they wished. These were as follows:
a. The Story Machine: The basic machine was the START machine invented 4
and developed by Martin Bender (Bender, 1965, 1966). In operation a paper

tape bearing a printed story passes in view under a plexiglass window while the =

story is narrated aloud from recording tape attached to the paper tape. At 52
certain words, the machine stocps, displaying three printed words, each under
a plexiglass key. By pressing the ke over the correct word, the word is
repeated aloud by the machine and the story continues. Pressing an incorrect
key inactivated the machine and darkened the display, requiring that a reset
button be presced before another choice could be made. A series of familiar
children’s.stories were programmed for presentation in this machine, and were
changed at intervals of 7 to 14 days, as children appeared to lose interest
in a particular story.

b. The Multiple-Choice Machine. Same machine as in a, but instead of
presenting a continuous story, presented frame-by-frame discrimination tasks.
In early programs, a model letter or word would be presented visually and

aurally, with three visual alternatives from which the child had to choose the
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Table 2.13.1 - Descriptive data on subjects in pilot study of teaching
4

reading to two- and three-year old children

ITPA Scores (Language Age)

Subject Total Subtestsl
No. Sex C.A. 1 - 2 3 L 5 6 .7 - 8 9
Teaching Machine Group
1 ¥ 2-7 3-5 5-0 BC 2-10 L-b 3-10 2-9 3-1 L2 BN
2 F 2-10 2-11 3-4 BN 2-6 2-7 3-2 3-2 BN 3-1  3-11
3 M 2-11 4.3 5.2 4.5 L.8 2-3 3-10 L-2 3-10 L4-4 3-11
by M 2.1 41 47 49 3-6 L0 5-8 32 3-6 3-7 3-11
5 F 2-11 (u-8)3 5-11 5.-5 3-1  3-11 :
Games Group 3
6 M 3-3 3-0 2-9 3-0 2-6 L4-0 3-10 3-6 2-4 2-6 3-11 g
7 M 3-7 L-by  3-10 b-1 L4-5 3-L 6-7 L-7 L-7 3-11 :
8 M 3-8 3-11 3-6 L4-9 L4-2 L4 3-10 2-11 2-9 L-10
9 M 3-8 4.8 L4-9 5.6 4-8 L8 5-8 3-6 u4-7 L-2
10 M 3-11 L2 4.5 3-0 3-6 5-1 L-1 5-0 L-7 3-3
Mean 3-3 3-11 L4 3-9 3-8 L4-0 46 3-8 3-6 3-8

Identification of ITPA subtests: 1 = Auditory Lecoding,

2 = Visual Decoding, 3 = Auditory-Vocal Association, 4 = Visual-
Motor Association, 5 = Vocal Encoding, 6 = Motor Encoding, 7 =
Auditory-Vocal Automatic, 8 = Auditory-Vocal Szquential, 9 =
Visual-Motor Sequential.

N

BN = below norms for subtest (minimum scorable age level is
approximately 2-6, varying slightly from test to test)

3 Testing terminated after three unsuccessful attempts to induce
subject to continue. Total language age estimated on basis of
four subtests completed.
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matching one. Later programs presented sight vocebulary by pictures and spaken

words, to which the correct printed word had to be matched.

c. The VoiceMachine. Similar to above machines, but without audio
capacity. Instead, the machine was equipped with a voice trigger SO that the
child had to speak his response into a microphone in order to make the machine

advance. The machine was programmed to teach sight vocabulary. The program

S Y [ T A L L.

mnédule was a three-frame sequence, in which the first frame presented a picture

and a word together, the second frame presented the word alone, and the third

frame again presented picture and word together. Thus the first frame served
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as the "text," the second as the test frame, requiring the child to remember

the word without the picture cue, and the third frame» provided confirmation or

g,

correction. Three words would be presented in a given program. After each word

o e RN

hzd been presented twice according to the sequence described above, the first
or "text" frame of the sequence Was_eliminated and only test and confirmation
frames were used. The machine would advance whenever the child spoke into
it, regardless of what he said, and therefore initial demonstrations and in-
structions had to be given to the children to establish the practice of
"saying the right word."

d. The Quiz Machine. This machine was functionally analogous to a
juke-box. It presented a panel of 4O selector buttons. Pressing any button
would cause the machine to locate and play back a predetermined word from a drum
covered with recording tape. The selector buttons could bear either printed
words or pictures. The recorded word would continue to play over and over as
long as the corresponding selector button was held down. As used in this treat-

ment, half of the buttons carried printed words and the other half carried

pictures representing the same set of words but not in the same order. Although
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+the children were at liberty to play with the machine as they wished, it was ;
suggested to them that they start with a picture of their choice and then hunt

for the printed word that said the same thing.

e. Other equipment. An electric typewriter was available at all times.

When a child typed at it, an attendant cailed out the letter sounds as they ;

were typed. If a child showed a continued interest in typing, he was later
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invited to copy first letters and then words. (Tris will be recognized as 2
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crude duplication of some of the features of Moore's talking typewriter system. )

3
ST

Also svailable was a set of four-inch high letters cut out of masonite and

ety

2 corresponding grooved plywood blocks intc which a letter could be fitted. A

P low chalkboard was also available.

Coordination of the learning devices. Since children were free to select

the device they would work with and shift to another at will, the programming of
each device had to be coordinated in such a way that switching from one to another
would not produce interference and would as far as possible provide continuity

in learning. The same basic segquence of letters and words was used in all the

devices, roughly following that of Bloomfield and Barnhart's Let's Read (1961).

There was enough difference in the detail of the sequencing, however, that
generally a child who shifted from one machine to another could expect to encounter

different words but ones that embodied the same phonic principles as the ones

he had encountered just previously.

2. Social Games Approach. The aim in this approach was +o engage the children

in a variety of group games that the children would find enjoyable simply as
play, but that would involive printed symbols in such a way that the children

would be motivated to learn them in the course of their play. The following are

some representative games:
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a. Roulette. A large (almost four-foot giameter), vertically mounted
wheel of fortune was used in a variety of matching and identification games.
Cards could bc fastened around the wheel. Ia the simplest game, individual
letters of the alphabet were mounted and each child was given a card with a
letter matching one of'fhe letters on the board. After each spin of the wheel
the child whose letter matched the one indicated on the wheel was entitled to
give the wheel its next spin. Later additional requirements were added--that
the child detect the match himself, and finally that he be able to name the

letter.

b. Train. Six-inch wide planks were used to form a rectangular railroad

st one [ atan
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track along which the chilidren couid walk i (step, go,

slow, fast, and ggpo-choo) were held up tell the engineer what to do.

c. Store. Child One would tell Child Two what letter he wanted to get
and hand him a card bearing that letter.. Child Two would then go to Child
Three, the storekeeper, and ask for that letter (in the form of a masonite cut-
out). Child Two would take the cut-out to Child Four, who would find the
corresponding block and fit the cut-out into it, then give it to Child Five, who
would deliver it to Child Two and then proceed as Child One before him.

d. Little Boy Blue. As the teacher read the nursery rhyme, "Little
Boy Blue," various children would play parts of sheep, cows, and Boy Blue.

Once children were familiar with the rhyme, parts would be assigned by handing

children cue cards bearing the words, toot, baa, moo, or sleep.

As the above examples suggest, almost any game Or activity could be stretc?-
ed to include some content relevent to reading. As much as possible, the letters
and words introduced fcllowed the same sequence as those introduced into the
teaching machine approach, although games such as Train and Little Boy Blue had
their specizl vocabularies. A typical 4O-minute session would include six or

more games or activities, the number varying with the stability of the children's

=
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interest on a given day. Some non-reading activities were usually included for
variety or a bit of large-muscle activity, the staples being marching to recorded
music and a restrained form of tag. Each day also included the teacher's reading
nursery rhymes to the children.

Data Collected:

The Illinois Test of Psycholinguistic Abilities was administered once after
three weeks of school and again after four months of school. At the end of each
daily session in both classes the instructor dictated detailed notes on the day's
activities and each child's performance. These furnished the main body of data

for clinical assessment of various aspects of each program.

2.14 Results and discussion

Feasibility:

(1) Teaching Machine Approach: All of the children showed some interest

in all of the machines and devices used in this treatment. However, their
response to the treatment was in marked contrast to the steadfast daily absorption
that nad been reported by Moore in his approach or by the inventor of the START
machine, Martin Bender, in his home trials of the story programs. From the
beginning the children seemed to be more responsive to social influences than

to the devices themselves, and this tendency increased over time. Which machine
2 child chose to play with at a given moment seemed to be determined by which
machine some other child was playing with, so that the teacher had to be con-
stantly intervening in small disputes, managing the taking of turns, and inducing
a child to undertake some second-choice activity when he could not have an
immediate turn at the machine of his choice. This latter effort consumed much

of the teacher's time, with the result that the children came more and more to

depend on him to select their activities for them. Moreover, the children seemed
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to need quite a bit of sustaining encouragement from him to keep them going

on any machine, Evidently the devices themselves were not sufficient to main- 3

tain a lively interest, or at any rate they could not compete with social events.

Fregquently a child who seemed +c be absorbed in work at one machine would leave

ety e siangas vene &'d NS AL dbity o g

it abruptly to rush over to another machine where a child was receiving attention

from the teacher.

It would appear that the fault did not lie in the devices so much as in

the way they were handled. The writer has observed children reacting the same
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way with the ERE (“Talking Typewriter") machine when it was merely sitting in
a nursery school classroom rather than in a private cubicle. On the other hand,

he has seen children in a Montessorri school taking turns working at the START

young children, must be depersonalized, either through having the children work
in physical isolation or *hrough conditioning the children in such a way as to
minimize competing social stimuli and make the children resistant to them. The
teacher in the experimental class described here was greatly concerned with social
relationships and tended to engage in much more social interaction with the
children than was required. In this, however, he was probably much like the
typical nursery school teacher. The kind of teacher behavior that would be
necessary to reduce social stimulation in the class to the point where it did not
obliterate the stimulus value of the machines would be much rarer among peoplie
attracted to early childhood education.

Of the several machines used, the story machine had by far the greatest
sustained appeal to the children. At the same time, it was the most "social

of the machines, telling the child a story and occasionally addressing remarks
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to the child himself. Bender (1966), has found that the insertion of more
direct instructions to the c¢hild in the story program to look at such-and-such,
find sueh-and-such, etc., led to even greater attention, as indicated by a
significant reduction in the number of incorrect responses. The Multiple Choice
Machine, which was actually the same kind of machine but programmed to operate
in a more conventional frame-by-frame manner, was less popular but it seemed to
elicit the most real task behavior. With sufficient teacher encouragement and
over the course of several days a child would occasionally work at a word
recognition program until he could make errorless runs through it.

The Voice Machine was only occasionally attractive to children, but their
behavior in working with it was such as to encourage further experimentation
with such a device. Unlike the push-button machines, which rejected incorrect
responses, the voice-actuated machine would advance no matter what the child
said and would respond even to a noise. Thus it presented the danger of rein-
forcing incorrect responses. In practice, however, the problem was not the
children's making careless responses, but their reluctance to make any response
unless they were sure it was right. In order that they might advance through
the program, the children had to be instructed to say, "I don't know" into the
microphone if they were unwilling to guess at a word. They quickly caught on to
the significance of the confirmation frames and took them as replies to the
"I don't know" statement.

The Quiz Machine was broken dowu most of the time and was too unreliable
when it did function to permit any judgments as to its appeal or effects. It
should be noted that all of the machines existed in somewhat primitive versions.
and were given to mechanical difficulties. Difficulties that caused a machine

to stop functioning altogether were less troublesome than ones that caused it
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to make errors--to respond to a correct answer as if it were incorrect or vice- :
versa--for these tended to destroy the children’s confidence in the feedback
they were getting from the machine or, in some cases, to keep them from grasping
the nature of the task altogether.

In general, the two-year-olds in this pilot study seemed to enjoy a machine
tc the extent that they could interact with it socially. They preferred the story
machine to the mulbiplé-choice machine. It did not just talk, it talked to them.

They enjoyed shouting intc the Voice Machine, but it did not give them much
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response in return. Anecdotal reports from users of the ERE ("Talking Typewriter")
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are replete with instances of children reacting to the machine as a ersonalit
Yo

addressing remarks to it, chiding it for errors, and so on. Similar reports are

W BT Lt o 3 L AN

Sevs iy

obtained from people who have used tape-recorders in nursery school teaching.
Perhaps, then, Moore's notion of an autotelic responsive environment--sn
environment that enables the child to learn by being dramatically responsive to
his actions--is somewhat off the mark as a rationale either for his own teaching
machines or for others. If, for the young child, the machine functions not as
a miniature environment but rather as a special kind of sociable entity, then E
the main differences between one machine system and another and between machines
and live teachers may not be in their logic but in the kind of social situation b
they make possible. Moore's conception of a responsive envircnment precludes ;
any learning except by discovery on the part of the child; for the environment
can only react, it cannot deliberately teach. But if the essence of the 2
machine is its social behavior vis-a-vis tine child, there is nothing to say :
that the machine's role must be passive. It would be interesting to experiment }?

with machines that were forceful, demanding, or competitive as against playful, ¥




subservient, or highly supportive in their relation to the child.¥

None of the machine activities used in this pilot study commanded as much
interest or effort as printing at the blackboard, tracing or coloring letters,
or any of similar kindergarten-type activities that were imported from the
socisl games treatment group.

(2) Social Games Approach: No matter what the game, it took the three-

year-olds gquite a bit of time and much teacher effort before they would play

it according to stable rules. Eventually they could play and enjoy even such

%N . a complicated procedural game as "Store" (described in section 2.13). But if

the game had limited utility, if it could serve to teach only a few special

words or provide practice in some limited kind of letter identification, then

it was hardly worth all of the time it took to teach the game itself. Thus the
"prain" game was sbandoned early because, although the children all liked it,

it was apparent that it would take far longer to get them past the point where

they were devoting all their attention to getting around the track, precipitating
derailments, etc., and up to the point where they were attending to the printed
directions, than the learning of the five words would merit. On the other hand,
Roulette proved well worth the time spent in teaching the basic procedures, because

once the game was learned it could be used continually to teach new material.

% T do not mean to imply in this discussion that the young child believes or
should believe the machine to be alive, to have a man inside it, or any such
animistic notion. We did not encounter any such beliefs among the children and
could certainly have hastened to correct them had they appeared. The point is
simply that young children do not seem to maintain as much social distance
between themselves and non-human things as do adults, and thus more readily
establish human-like relationships with anything that shows some modicum Of

responsiveness.
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;/ : As time went on an effort was made to evolve new activities tThat permitted ]
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. a greater amount of time to be devoted to learning content in proportion to the é

amount spent learning procedures. 'Seat work" activities, involving tracing and
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B copying letters proved to be appealing to the children, to the extent that they :
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would spend ten mirutes or more at it daily. Materials developed for this pur-

E pose were tried with the two-year-olds in the teaching machine group, where they
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were also readily accepted and became a regular part of the day's activities.
E Cutting and pasting variations were added, to provide a regular supply cof kinder-
3 garten-type fare which had the most sustained appeal of any activity for the

children.

The game that finally became the core of the program, however, was one

in which each child was given a box in which he accumulated cards bearing the

letters and words he could identify correctly. Each day he was tested on some §

of the cards and lost those that he could not identify, and then was tested on E
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new cards that he had not yet acquired. The children could not be said to enjoy
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the game itself, but they did enjoy getting the cards and the game brought forth
strong competitive efforts. This game was also introduced into the two-year-old g

group, where it was not taken so seriéusly but where it nevertheless seemed to

call forth more effort than any other activities.

Thus, by a process of trial and error in searching for activities the
children would enjoy and that would direct their efforts in ways relevant to
reading, we were led away from games as such and eventually to activities that
were indistinguishable from the conventional seat work and drill of elementary

school instruction.,
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Reading Attainments.

No child in either group learned to read in his five months of training,
nor did any come close enough to make it appear worthwhile %o administer a
standard reading test. It must be admitted, however, that we were so naive
about standards of reading attainment that we discounted achievements of the
children that would actually have been measurable. At least four of the ten
children should have scored above the 1.0 grade level on word recognition and
word sound analysis, the best probably scoring at about the 1.5 grade level.

The best index of the children's learning was provided by the letter and
word cards they accumulated as learned. Since they were continually being re-
tested and losing words they had forgotten as well as gaining new onres, the number .
of cards they maintained gave a fairly legitimate estimate of the size of their
reading vocabularies. The size, of course, fluctuated from day to day, but by
the end of tﬁe term it was about as follows: Subjects 7, 9, and 10 (referring
to Table 2.13.1), had 20 or more letters of the alphabet, and approximately
20, 30, and 50 words respectively. Subjects 3 and 4 had about half the letters
of the alphabet and about 15 words. The rest of the subjects were very unstable
in their retention and could generally not remember more than a couple of letters
and a couple of words consistently.

Only one child, Subject 10, showed any stable ability to sound out words
from their spellings. Subjects 7 and 9 could occasionally do sO to a very
limited extent. Subject 10 was the oldest and most maturely motivated child in
the group, although he was surpassed in total language age by four other children. =
What is perhaps most noteworthy is that all five of the children who showed some
stable learning (Subjects 3, 4, 7, 9, and 10) started out with language ages above

four.
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Changes on ITPA.

Table 2.1Lh.1 reports changes in ITPA scores between pretest and posttest
for the 8 subjects available for retesting. These scores are calculated as a
difference between standard scores, estimated to the nearest month by linear
interpolation in the norm tables of the ITPA. The scores showed a tendency

to decline. In fact, the mean loss of .16 standard score points for total

score is significant at the .10 level (t = 2.09, 4.f. = 7). Most of the loss
is concentrated in the encoding tests, on both of which the subjects showed ;
not only a relative loss for their increase in age but an absolute loss in raw
score points. Since both of these tests are sensitive to the mc"ivational state
of the subject at the time of testing, they could easily reflect situational
differences or examiner differences (different independent testers administered

the pre- and posttests). It is evident, however, that the reading programs pro-

duced no gains on variables tapped by the ITPA.
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One comparison of interest is that between the two information processing
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channels that figure in tte ITPA subtests, the auditory-vocal and the visual-
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motor. The subtests so grouped may be considered as roughly approximating the
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verbal-nonverbal split found in other mental ability tests. Ignoring encoding,
on trLe verbal subtests (1, 3, 7 and 8), the children in the teaching machine
group showed a mean loss of .47 standard score points, while the children in
the social games approach showed a mean gain of .26. On the non-verbal tests
(2, 4, and 9), on the other hand, the children in the machine group gained an
average of .16 while the children in the games group lost an average of .41 points.
As Table 2.14.2 shows, this interaction between treatment groups and channels

is highly significant and accounts for virtually all the variation in cell
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Table 2.14.1 - Changes in ITPA standard scores after i months

Subject Subtest :
No. Total 1 2 3 L 5 6 7 8 9 L
Teaching Machine Group g

1 -.70 -.99 1.k8 -.10 -.30 _.88 -1.00 =-.49 -1,32 -.10 ;

2 RIS 12 .35 .0l -.21 -.27 -1.35 -.03 - .7k -.06 é

3 _hp _.58 -.06 -2.04 1.45 -.32  -1.98 43 .99 .2l %

b 116 -.99 -.61 -.56 -.53 -.89 - .60 -.39 - .9K .ok :

Games Group

6 1.32 -.03 -.5% .50 -2.48 -1.03 -1.00 .2k -1.37 _.9k §
7 29 .65 .54 .00 -.9 -L72 -l.11 .91 1.80 .09 ‘é
8 L6 -0 1.07 61 - .53 .00 - .16 .90 Jis o -.48 §
10 -.36 -1.46 1.55 .58 -1.93 -1.06 .84 .23 .57 -1.05

Mean b6 - b7 -12 - .11 -.65 -.86 .16 -.07 -.26

Table 2.14.2 - Amalysis of variance on changes in ITPA auditory-vocal and visual-
motor channel scores (excluding encoding) for two-year-old and

three-year-old reading groups

Source daf Sum of Squares Mean Square F P
Treatments 1 .0256 .0256 .06 n.s.
Error 6 2.4058 14010

Channel 1 ,0016 .0016 .03 n.s.

Treatment
Channel 1 1.6900 1.6900 28.07 <.0L

Error 6 .3613 .0602
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means. (If encoding scores are included the effects remain the same, though
a 1little less extreme. The interaction is still significant beyond the .05
levei.) Although treatments are confounded with age, there is no reason to
expect age to be responsible for differential changes due to channel. The
results therefore would seem to indicate thet the highly verbal nature of the

games treatment and the non-werbal, visual-motor character of the machine treat-

*
ment were reflected clearly in ITPA changes.

2.15 Conclusions

In a pilot study of two approaches to teaching reading to young children five
two-year-old children were put through a five-month cafeteria style program in
which they spent 4O minutes a day playing at liberty with a variety of tea:hing
machines and other devices. Five three-year-old children were put through a
program of the same length, but one built around learning games.

No child in either group learned to read, although three children in the
games group and two who were initially in the machine group acquired some stable

recognition of 10 or more letters and 10 or more words. For all of them, however,

the only stable learning seemed to come from oOne activity--a variety of flash-
card drill. Moreover, all of the children who showed stable learning had initial
language ages of over four years.

Standard scores on the Illinois Test of Psycholinguistic Abilities showed

a tendency to decline from pretest to posttest, mainly in the encoding areas.

When tests were separated into visual and auditory chamnel tests, however, a

*
See Section 3.23 for a similar comparison of a verbal and a non-verbal treat-
ment with older children.
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significant interaction was found, the machine-taught group tending to improve

on visual tests and decline on auditory and the social games group tending to

i

improve on auditory and decline on visual.
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This little study was of considerable value to the project as a
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because it pointed out a2t an early date some serious misconceptions which could
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+ brought into serious doubt
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have rendered much of the later work useless.
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the assumption that young children could learn only through play-like activities.

Etﬁi The effort to maintain a free play-like atmosphere and at the same time keep
. steering the children's activities toward learning objectives proved to be a ;
considerable strain on the teachers and a source of unrest to the children as :
‘ well. The work-type activitiés--that is, those in which a definite task was

assigned to be accomplished--were much easier to handle and were the only ones

A

that gave direct evidence of promoting learning. Moreover, they were accepted
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E by the children in a matter-of-fact manner that was not always as enthusiastic

340

. as their acceptance of an exciting new play activity but that was much more
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2 conducive to productive effort.
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Montessori's observation made 50 years before that young children liked

3 to work appeared much more plausible after this experience. The question now,

however, was what kind of work, how chosen, and how motivated? The experience
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of this pilov study also undermined confidence in the assumption that children's
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interest and natural curiosity provided a reliable guide to the kinds of activities

that were most beneficial to them. In Montessori schools, children of two and

three devoted much of their time to practicing househcld tasks such as sweeping,

dusting, and setting table--and this was justified on the grounds that they

appeared eager to master these skills, But it seemed to us that young children

would eagerly strive for mastery of any skill that was within their reach and
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that the significant people in their environment had managed to convince them
was important. Thus, the most popular activity of any that was hit on in the
experimental ciasses was one that required the children to trace with crayons
down the middle of outline letters. This was a task that presented socwe
difficulties for children this age, hut one where improvement came readily and
mastery was possible. From boih teachers and parents (whc were exposed to
daily bundles of colored-in letters brought home by the children), the children
received evidence that this was a highly significant kind of accomplishment.
Whether it was or not is an entirely different matter. In one line of attack
on reading it might be and in another it might not. The children, certainly,
were in no position to tell. The burden for determining what was significant
clearly had to rest with the adults in the situation. It did whether they
chose to assume responsibility for the choices or not.

Finally, *he experience supplied no encouragemenet whatsoever tor the
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popular belief that young children are highly motivated by a desire to explore
and understand environmental events. With the teaching machine treatment it
had been supposed that the children would be curious as to why some responses
were accepted by the machine and others not or why some words came out of the

machine instead of others. Moore's conception of the child as an active theory

builder, as well as Piaget's notions of assimilation and accommodation would

lead one to expect this. However, there was virtually no evidence of intellectual
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curiosity directed toward reading by any child in either group--no evidence of
puzzlement or cognitive conflict, no evidence that discoveries were made or even
sought.

The two- and three-year-old children we worked with were alert and super-

ficially curious. They were eager to handle, inspect, and identify new things;
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but having done this they were then ready to encounter something else. The
interest that some older children show in figuring out the rules governing
phenomena was, if not completely alien to them, at least too tenuous to serve
as a motivational basis for an educational program.

What the children did show, as noted above, was an interest in mastering

what they had been led to believe was important. They were guite rece
to indicators of what was important--not only from teachers, but from other
children, from parents, and even from machines, if the machine behaved in a

personal enough manner that it carried some authority.

2.16 Summary

Five two-year old children and five three-year-old children of average §
to above average language aptitude participated in five months of reading :
activities. The two-year-olds engaged mainly in free play with a variety i
of teaching machines and other manipulative devices; the three-year-olds '

engaged in teacher-directed group games designed to teach letter recognition,

word recognition, and eventually some phonics. In both groups little visible

learning occurred until an activity was introduced that amounted to convention-
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al flash-card drill. Half of the subjects atbtained some stable sight voca-
bulary in this way, ranging from 10 to 50 words, and one child acquired some

ability to decode novel words. Scores on the Illinois Test of Psycholinguistic
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Abilities indicated no relative gains in language-related abilities; but
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there was a significant interattion between treatment condition and changes

in verbal versus non-verbal scores, children in the group games condition
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showing more favorable results on verbal tests while children in the teaching

machine condition showed more favorable results on non-verbal tests.
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2.2 The Effect of Free-Time Use of a START Teaching Machine on

Reading Ability in the Kindergarten

Carl Bereiter and Martin Bender

2.21 Problem

In the preceding study one of the proc:dures used in the teaching
machine approach with two- and three-year-old children involved the
presentation cf stories on the START teaching machine (see section 2.13
under "Treatments"). The machine narrated a story as it was presented
visually on a mcving tape. At response points the machine would stop
until the child had pressed a panel over the correct printed word. This
was the most popular of the macnine procedures used, but the design of
the study did not allow any assessment of its independent effects. The
vresent study was designed to determine what, if any, learning would
occur if the machine were merely made available to children to use as if
they wishéd, without any attempt to supplement its teaching or integrate
it with other curriculum content. Machines were simply placed in kinder-
garten classrooms so that children could use them during their free time
if they wished, as they might use other free-play materials. A post-
test administered to experimental and control classes provided the
criterion of learning.
2.22 Design and Procedures
Subjects

The unit of sampling in this study was the class rather than the
individual child., Ten experimental kindergarten classes were selected
in five elementary schools in Urbana, Illinois. With the help of the

Director of Special Services¥* matching control classes were identified

* The writers are indebted to Gary Blade, Director of Special Services
in the Urbana, Illinois, Public Schools for the valuable assistance
in this and other phases of the experiment.
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for 9 of the 10 experimental classes (the unmatched class comprising a
very heterogeneous group for which there was no comparable control class).
The total sample represented all the public primary schools in Urbana,
with the exception of one predominantly lower-class Negro school. Match-
ing was judgmental, based on socio-economic status and "level" within
schools. "Level" refers to the practice (f assigning children to kinder-
garten classes within schools on the basis of judged maturity--a com-
pound of age, intelligence, and social maturity. Whenever there was
doubt as to the selection of an appropriate matching contrel class it

wes resolved in such a way as to favor the control condition--i.e., by
choosing a control class of higher socio-economic level or maturity level
than the experimental group with which it was paired. Two of the ex-
perimental classes and their matching controls were from one school,
which was closed because of wind damage shortly before the end of the
experiment, so that test data could not be ccllected. Thus the final
sample consisted of seven matched experimental and control classes plus
an extra experimental class.

Criterion Test

Tt was assumed that the experimental effect, if any, would be small
in comparison with experimental error. To maximize the likelihood of
detecting an effect, the criterion test was deliberately based on words
that had been used as response items in the teaching mac'.ine programs.
The test, therefore, must be considered a simple test of learning and
not of transfer or generalization. ZPart I consisted of 20 pairs of
words. The subject was to circle the word in each pair that was read
aloud by the examiner. The following pairs were used, the correct

word being underlined:
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it and in but just  sat swim not
big that had wiil that ran well it

fast end up big Just is ran not
little sat with is will  had with and
this let him can him went end but

Note that in each pair the first letter is sufficient to distinguish the
correct word, DPart IT consisted of two sets of six picture-word matching
items. The subject was to draw a line connecting each word with its

corresponding picture. The sets of words were as follows:

bed cat
can man
jump witeh
knock hill
swim pig
hen back

Procedure

One machine was placed in each classroom, at a spot removed from
the main activity areas. On the first day an experimenter demonstrated
operation of the machine to the class, after which there was no further
intervention on the part of the experimenters. Teachers were instructed
not to urge children to use the machine or to make it a subject of
discussion with them, and to follow their normal curriculum, including
whatever reading readiness activities it might entail. A project worker
made the rounds of each class after it was ended each day, to record
the number of correct and incorrect responses made during the session
and the length of time the machine was in use that day, and also to

make repairs and change programs as needed. Response data were collected
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by automatic counters in the machine's circuitry and time was recorded by
an electric clock which operated automatically when a child was sitting
on a bench that was part of the machine. The experiment went on for 1k
weeks, beginning in January. A new story was put on the machine every
two weeks, or sooner if daily time records showed a sharp decline in use.

The criterion test was administered during class time, as a group
test, by an experimenter and two proctors.

2,23 Results

Mean scores for each class on the criterion test are presented in
Table 2.23.1. Since the unit of sampling was the class, these means
are treated as single, unweighted scores. The score for the unmatched ‘g
experimental group was not used in the analysis of results. It may be '

noted, however, that although this class represented one of the least

privileged groups in the study, its scores exceeded those of all but
onne of the control classes.

On Part I of the test, all but one of the experimental classes
exceeded its matched control class. The mean difference is 1.71 points.
The standard deviation of the differences is 1.68. This mean difference
falls just short of significance at the .05 level (t = 2.4k, d.f. = 63
t of 2.45 is required for significance at the .05 level).

On Part II every experimental class exceeded its control. The
mean difference is 1.27 and the standard deviation of differences is
1.49, The mean difference falls short of the 2.45 value required for
significance at the .05 level (t = 2.24).

On total score (unweighted sum of scores for Parts I and II), every
experimental class exceeded its control. The mean difference is 2.99;

the standard deviation of differences is 3.10. This mean difference is

significant at the .05 level (t = 2.56).
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Table 2.23.1 - Experimental and control class

means on criterion reading test

Matched Machine Class Control Class Difference
Pair N Part I Part IT Total N Part I Part ITI Total Part I Part IT To.al

1 ok 12,2 2.6 14,3 16 11.6 2.5 ik .6 1 .7
2 25 1.k L,3  18.7 No control class

3 22 13.8 Lo 17.8 16 12.3 3.9 16.2 1.5 1 1.6
L 22 1k.9 6.5 21.1 23 10.0 2.0 12.0 k.9 L.5 9.h
5 19 13.9 3.7 17.6 17 2.1 2.9 15.0 1.8 .8 2.6
6 22 15.1 4.6 19.7 21 12.1 3.3 15.4 3,0 1.3 h.3

23 12.9 5.0 17.9 23 13.3 .1 17.4 A .9 .5

-J

8 18  16.6 7.8 oh b 23 16,0 6.6 22.6 .6 1.2 1.8

Thus, the differences, though small, were quite consistent in favor of
the experimental treatment, resulting in a statistically significant over-
all mean difference, in spite cof an =ffective sample size of only seven
pairs. Had the analysis been based on individual scores rather than on

class scores, the difference would have been highly significant.

Table 2.23.2 - School means for IQ, average time per pupil spent at

teaching machine, and mean experimental group reading score

School Mean I.Q. Grades Mean Minutes per Pupil Mean Score on
1-3 Posttest
. A 101.6 38.6 16.75
B 10k.1 362,1 19.k45
C 111.2 75.9 18.65

D 115.8 82.1 21.15
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Table 2.23.2 presents some data on the relation between amount of
machine use and criterion performance. Data are pooled for the two
experimental classes within each school {the unmatched experimental class
is included in school A). The mean time per pupil varied greatly, de-
pending on the way teachers scheduled free time. 1In school B the
schedule was arranged so that some children were always free to work on
machines if they wished, whereas in school A only one period of free
time was scheduled during which children had to compete for or take
brief turns at use of the single machine available, Aptitude tést
data were not available on the kindergarten children themselves, and so
the best estimate cf intelligence level available was tne mean IQ
score for children in grades one through three tested the previous fall,
Thiere is an evident relation between mean IQ and criterion test scores,
but in school B it is offset by the extra amount of time devoted by
pupils to machine use. The relation between individual test scores
and time spent on the machine would, of course, be more informative.

But there was no practical way of obtaining individual data on machine
use, Thus it is not known whether machine use was distributed more-
or-less evenly over pupils or whether a small number of pupils accounted
for most of the use. Daily time records did indicate, however, that
machine use within the various classes remained relatively constant

from week to week throughout the period of the experiment, except for
reductions due to machine breakdowns.

2.24 Discussion and Conclusion

The results of this experiment do not permit any evaluation of the
educational significance of the learning that took place. The predictive

validity of the criterion test is not known. What was demonstrated,
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however, was that measurable learning did take place under very minimal
conditions of intervention. The effect was observed in schools that
varied from average tc well above average levels of intellectual
aptitude., Although it would require an extensive program of research
to determine the kind of programming that would produce optimal effects
on later reading performance, the fact that definite learning in the
area of reading can be produced with a small investment in equipment
and with no investment of teacher time suggests that the use of free-
access teaching machines in kindergarten classrooms should be seriously

investigated as a way of supplementing kindergarten education.

2,25 Summary

The main comparison in this study was between seven kindergarten
classes in which a teaching machine was placed for free-time use and
. seven matching control classes which had no machines. The machine was

of a type used in the previous study, which presented stories both

'iv M f Pyt k’“- y

auditorily and visually and which required the child to make occasional

choices between printed words in order to keep the story going. On

oAl W b s s

a recognition test consisting of words used in these choice-frames,

(It

every experimental class did better than its matched control class.
E The difference, using classes as the sampling unit, was significant

. at the .05 level.
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3 2.3 Children's Preferences fcr Hign Versus
Low Frequency Words

Carl Bereiter and Charles Summers¥
2.31 Problem and Objectives
) Tt seems to be taken for granted that beginning reading materials
] should be made 25 interesting for children as possible. This is a
. consideration in the choice of situatiors, plots, illustrations, and
'14 general format. Ordinarily it is not a consideration in the choice of
2 worés. Words are chosen according to principles of frequency of use,
supposed ease of learning, or because they fit into some pedagogical

scheme. And yet it is the words which the child is expected to learn.

3 Tf all a2 child does is learn an interesting story by heart or retain

3 the image of an amusing picture, the objectives of reading instruction
: have not been achieved and have indeed been subverted.

1 Certain reading materials for the popular market are claimed to be
built around words which have some intrinsic appeal, usually auditory,
é for children; but to our knowledge these claims of interestingness have
3 never been tested empirically. It is possible that the words were chosen
\§> because of their appeal to adults and that the same kinds of words are
? not appealing to young children.

'% The interestingness of a word could be based on any of a number
2 of dimensions-~on sound, appearance, the appeal of the thing it refers
to, or upon its emotional connotation. It would be difficult to
isolate such factors, because young children are usually not able to

\1 evaluate things in any but a global way. It is possible, however, to

% Deceased.
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use their global judgments ("I like this one") to test hypotheses about

2
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factors that are involved in the appeal of isolated words.

The present study was designed to investigate two questions:

dipcorsn [y

1. Do young children have consistent word preferences of any sort?
If children as a whole do not consistently prefer certain words over
others, then the whole question of appeal of isolated words is likely
‘3 to be a fruitless one to invastigate.

25, Do children prefer words that occur relatively frequently in
their own speech or do they prafer words that occur relatively less
= frequently? This question confronts the most popuiar strategy for
choosing words for primary reading materials--frequency of use. The

whole question of children's preferences for familiarity versus novelty

3 or certainty versus uncertainty is under active investigation in ex-

\ perimental child psychology, but so far as we know it is not being in-
? vestigated with respect to words.

‘ Whether children will prefer novel or familiar stimuli seems to
depend to a considerable extent upon the kinds of stimuli employed. In

as yet unpublished research, J. McV. Hunt finds evidence that infants,

{
bl

when presented objects to look at over their cribs, shift from a pre-
ference for familiar objects to a preference for unfamiliar ones at

E: around the age of three months. A study in progress by Sarah Johnson
at the University of Illinois seems to be showing that a shift from
preference for regular light patterns to a preference for irregular
light patterns takes place between the ages ¢f four and eight.
Friedlander and Dixon (mimeograpi) found evidence for a similar shift

in comparisons between four and five-year-old nursery school children.




Clearly, it is impossible to generalize these results to children’s
preferences for words, but they suggest that familiarity or predict-
ability may be an important varisble in these preferences. The possi-
bility seemed tenable, therefore, that in selecting words from among
those used most frequently by young children, authors of beginning
reading materials might be choosing words which are so lacking in novelty
toc young children that they might find them uninteresting to work with.

This, in turn, could present motivational problems of some consequence;

for even if story materials are interesting, the fact remains that most

reading programs irvolve a considerable amount of work with the words
in isolation, where the motivating effects of story context are lost.

2,32 Procedure

Word Sample: Populations of high- and low-frequency nouns and

adjectives were defined on the basis of Rinsland's (1945) count of

35l4,000 running words recorded from the speech of kindergarten children.

High-frequency nouns and adjectives were defined as thiose occurring 80

or more times; low-frequency nouns were those occurring 3 to 5 times;

low-frequency adjectives were those occurring 3 to 8 times. Words of ex-

tremely low frequency were not used because of the 1likelihood that they

would not be understood at all by most children and thus could not be
used in meaningful textual material. These 4 populations comprised
185, 92, 36, and 39 words respectively. Thus the adjective populations

were considerably smaller than the noun populations, reflecting their

=

more limited occurrence in the speech of young children. Twenty words

were randomly selected from each of the 4 populations. These are the

words listed in Table 2.33.1.
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Subjects: Ss were 10 boys and 10 girls unsystematically chosen
from a single kindergarten class in a small-town Illinois elementary
school serving a village and surrounding farm region.

Experimental Design: A paired-comparison design was used in

which each high-frequency word was paired once with each low-freguency
word of the same grammatical class and a choice between the two made
by one subject. This was accomplished by use of a 20-by-20 Latin
square which assigned a different combination of the 20 high and low
frequency words in each class to each S, so that all the pessible com-
binations were exhausted.

Procedure: Words were printed in half-inch high letters on 1 1/2-
by-3 inch cards, one word per card. Words were pre-arranged for each
S in accordance with the design described above. Ss were tested indi-
vidually in a room apart from the classroom, and the testing was com-
pleted for all Ss in one session to minimize inter-subject contamina-

tion. Words which Ss were to choose between were arranged in two

stacks, with right-left position of words balanced and randomized.
The following instructions were given:

Do you see these cards with words on them? I'm going to
give you some of these cards to keep. They'1ll be your own word
cards. You can take them home and do anything you want with
them. I'11 hold up *two words and you can choose the word you
want to have. (Hold up first two words.) Here are _____ and

. Which word would you like to have? (If § points at

the word,) Tell me which word you want, or 7 All

right this one is (chosen word)., You keep it. Now here

are and ., Which word do you want to have?

(T S—— S e ——




Each $ made 40 choices--between 20 pairs of nouns and 20 pairs of
adjectives, On 2 random and balanced basis, half the Ss were given
nouns first and half were given adjectives first. Motivation to execute
the task and obtain the cards aprear=d very high, so high that children
not included in the experiment had to be pacified wien it was over by
Y being given word cards for themselves.

g 2.33 Results

The design used in this experiment is an instance of double-sampling.
Qé Both words and subjects were sampled, and so the results can be analyzed
statistically in terms of generalization to the population of words

3 (what results would be predicted for repeated samples of words from the

;g same populations?) and generalization to the population of Ss (what

3 results would be predicted for repeated samples of children from the

population of kindergarten children of which the present group is con-

sidered to be a sample?).

b, o1, ,:;

Table 2.33.1 presents data relevant to generalization of results %o

the populations of words. Since each word was paired once with each

"o

,? word of the contrasting frequency but the same grammatical class, the
proportion of times that word was chosen may be taken as an estimate

¥ of the proportion of times it would be preferred to all words of the

i

contrasting frequency type. All but three high-frequency nouns were
chosen more than 50 per cent of the time in comparisons with the 20
low-frequency nouns. Overall, high-frequency nouns were chosen 66

> per cent of the time. The standard error of this mean percentage is
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Table 2.33.1 - Percentages of boys and girls (N =10 each) choosing

each word in paired comparisons with words in opposite list

High-Frequency Low-Frequency
Words Boys Girls Total Words Boys Girls Total
Nouns
Apple 70 GO 65 Celery 20 50 35
Band 80 60 70 Chin 20 30 25
Barn 40 70 55 Coaster 20 30 25
Bat 40 10 25 Dominoes 20 50 35
: Bed 70 60 65 Dynamite 40 40 40
; Clay 50 90 70 Flavoring 30 Lo 35
* Face 30 60 45 Galoshes 30 20 25
Farm 70 60 65 Gopher 40 30 35
Father 80 60 70 Hermit 40 20 30
Hen 40 50 45 Locust 30 20 25
House 60 70 65 Marshmallow 50 70 60
Monkey 100 70 85 Microphone 50 30 40
Morning 70 60 65 Nightgown 2 60 40
Pet, 90 70 80 Parachute 80 40 60
Pony 80 100 90 Seashore Lo 20 30
Sand 60 60 60 Stadium 60 10 35
Shoe 70 9u 80 Stripes 20 40 30
Summer 50 70 60 Trailer 20 20 20
Wagon 90 90 90 Trolley 20 20 20
Window 60 80 70 Vessel 50 20 3
Mean Percentage 65 67 66 35 33 3k
Adjectives
Beat 60 70 65 Attractive 40 50 45
Better 50 70 60 Brave 70 20 45
Black 70 90 80 Chilly 40 50 45
Blue 50 100 75 Dumb 40 20 30
Brown 50 40 45 Empty 30 40 35
Cold 50 30 40 Fierce 30 10 20
Fast 70 50 60 Foolish 10 20 15
Fine 70 60 65 Gay 20 40 30
Funny 80 - 80 80 Grey 40 60 50
Glad 50 50 50 Important 80 30 55
Good 90 60 5 Rough 20 40 30
Green 50 60 55 Safe 60 50 5
Hard 50 70 60 Slick 20 60 40
Last 50 60 55 S1im 30 50 40
More 60 100 80 Striped 50 40 45
Much 60 60 60 Thin 20 20 20
Nice 60 60 60 Tough. 40 30 35
Sick 60 40 50 Vacsant 50 20 35
White 40 60 50 Wide 40 30 35
Yellow 70 80 75 Wonderful 80 30 55

Mean Percentage 59.5 6L.5 62 40.5 5.5 38
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only 2.4 per cent, so that this percentage is significantly different
from chance (50 per cent) at well beyond the .0l level of confidence.

High~-frequency adjectives were chosen just as consistently (only
two were not chosen more than half the time), but the average per-
centage is not quite so high--62 per cent., The standard error of this
percentage is 2.6 per cent, so that this result also is significant
beyond the .0l level.

When the data are looked at the other way, to determine how con-
sistently children prefer high-frequency words, the mean results are
the same. The average child chose a high-freguency noun 66 per cent
of the time and a high-frequency adjective €2 per cent of the time. The
errors of estimate are different, however, since in this case they are
based on differences between children in percentage of high-frequency
choices rather than on differences between words. The standard errors
were found to be 3.07 and 3.56 .for nouns and adjectives, respectively,
giving results which are again significant beyond the .0l level in favor
of high-frequency words. Ccnsistency over Ss was not quite so high as
consistency over words. Four children out of 20 did not show a preference
for high-frequency nouns; five did nct show a preference for high-fre-
quency adjectives. No child chose fewer than 40 per cent high-frequency
words on either list, however.

There was a tendency for Ss to choosethe second word named, Fifty-
seven per cent of noun choices were words presented second, and 55 per
cent of adjective choices were of this type. The former percentage 1is
significantly above chance at the .05 level (t = 2.31) but the latter

is not (t = 1.32). Since this factor was balanced with the frequency
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factor, it cannot confound the results presented above, but can only
serve to depress the effect of frequency. Some idea of what the effect
of word frequency might be when unaffected by positional preference may
be gained by considering only those words chosen in the non-preferred
position., For these words it was found that Ss chose the high-frequency
noun 72 per cent of the time and the high-frequency adjective 66 ter
cent of the time.

Although girls showed a stronger preference for both high-frequency
nouns and adjectivesthan did boys, this difference fell far short of
significance and could well be a chance effect.

2,34 Discussion and conclusions

Even with the small samgle of children used, this study showed
highly significant preferences on the part of kindergarten children
for familiar or high-frequency words as: oppcsed té-less familiar or
low-frequency words. Thus, if the interestingness of isolated words
is of any positive value in beginning reading materials, these results
indicate that the traditional practice of selecting vocabulary on the
basis of frequency of ust is on the right track.

Although findings which vindicate established practices are not
very exciting, they are important in this case because establislied
practices of word selection had not taken interestingness into account
and there was some reason to suspect that familiar words would not be
as interesting for young children as less familiar ones. ZEvidently
kindergarten children have not reached an age at which words of high

frequency are so familiar as to be lacking in appeal.
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This raises an important issue for further research, however.
Throughout the primary grades words for reading materials typically
continue to be chosen from among those that are highest in frequency of

use. The results obtained in this study cannot safely be generalized

beyond children who are just beginning reading instruction. It is possible

that in children of seven, eighi, or nine a shift in preference toward
less familiar words may occur. This cculd be determined by replications
of the presenl study with children at successively higher age levels.
Methodologically, the present study holds promise for studies to
test further hypotheses about the appeal of isolated words for children.
For instance, the same design might be used w;th dual lists of words
which differed in their use of certain sound pattsrns, to determine
whether there are kinds of words which-are appealing to children because
of how they sound. With respect to concrete nouns, the question might
be investigated of whether prefereﬁces for words are any different from

preferences for the objects named. This could be done by a study which

used sets of printed nouns for one experimental condition;, as in the

present study, and pictures representing the same nouns for another.,

Sex differences in word preferences would also seem worthy of

investigation in light of the often-heard claim that beginning reading

materials have more appeal to girls than to boys. Although sex differences

in preferences for particular words cannot validly be aralyzed in this

study because a given word was not paired with the same other words for
boys and for girls, some of the larger differences that appear in Table
2.33,1 are suggestive of attitudes related to sex role; e.g., the words

parachute, stadium, and brave, which were markedly more preferred by

.
:

"
W M

woo
oo mcocall Yiiing.

i ..."‘




29

boys than by girls and the words nightgown, face, and blue, which were

more preferred by girls.
2.35 Summary

Children's preferences for high-versus low-frequency words were
tested by a paired-comparison method using 20 pairs of nouns and 20 pairs
of adjectives having nigh versus low frequencies of occurrence in
children's speech. Twenty kindergarten children Wére given rgndomly
balanced pairings of the full set of words, with order balanced within
pairs. For each pair S was asked to choose the word he wanted to have.
For both nouns and adjectives S8 chose more high-than low~frequency

words, both differences being significant beyond the .0l level,

2. b Pour Approaches to Construction Activities in the Nursery School
and Their Relation to Creative Problem Sclving

2,41 Problem

It is tempting to avoid the issue of creative thinking in young
children altogether. One can make a fairly gcod case for the claim
that it doesn't exist, and thereby have done with the matter. To
take up the issue, on the other hand, is to deal with the booming
buzzing confusicn that usually occupies any vacuum resulting from the
absence of firm criteria. Creativity in young children is variously
equated with disinhibition (the child who paints in smooth, sweeping
strokes is creative; che one whose technigue is arthritic is not),
emotional self-expression, or childish innocence itself.

Creativity, in its common usage (which is the only usage intended
here--we shall not try to endow the term with theoretical status),

has two aspects. One is the aspect of originality, meaning not
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necessarily that ithe. persom: does something that has never been done
before, but that what he does is accomplished with a minimum of direc-
tion or example, Thus, at a trivial level it may be said that the
child who places a rock on a newspaper when told, "Go do something

' is behaving more creatively than

so that the newspaper won't blow away,'
the child who does the same thing having observed someone else do it

or having been told Jjust what to do. The other aspect is an esthetic
one-~what is done should strike us as particularly apt, clever, cr
beautiful,

Usually the second aspect is treated as the more definitive,
since there are all sorts of trivial ways of measuring up on the first
criterion. But it is the esthetic aspect that causes trouble in
evaluating creativity in young children. What is one to make, for
instance, of a child's painting that strikes adults as a delightful
abstraction when, on questioning, the child reveals that he was trying
to make the realistic representations? If one is going to call him an
artist in spite of himself, then one might as well call him a comedisi
if his mispronunciations make people laugh. The characteristics of
children's productions that strike adults as pleasing or ingenious,
in other words, may not indicate any talents or behaviors in the child
that are worth preserving or fostering, Note that this implies no
criticisms of the adult esthetic judgments themselves. There is nothing
wrong with judgingchildren's paintings beautiful or their remarks
profound, no matter how banal the children's intentions--but it is
quite another matter to transfer these judgments of products to the

child himself, the quality of his education and his future promise.
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As a corollary to the above point, it seems futile to compare the
ereativity of children of different ages on the basis of esthetic judg-
ments., The children's own standards and intentions can be expected to
change with age, and the adult appeal of their productions can be ex-

pected to fluctuate also in a way that has no particular relevance to

the children's progress. Thus, investigators who have attempted to
apply uniform standards across age groups find a "fourth grade slump"

-

5 in erestivity [Tor--=zc 350.), This "slump" coincides with what
Lowenfeld (1949) has noted as the time when children typically acquire
an adult type of objectivity about their productions and realize that

their drawings, for instance, don‘t resemble the intended objects

nearly as much as they had supposed. It is easy to see how the dawn=

Wy Rt

? ing of self-criticism might produce a crisis in the chiid's creative
pursuits, but the fact that what he produces at this time is less
appealing to adults than what he produced when e was younger seems
quite beside the point. It has no more operational significance than
the closely related observation that, according to adult standards,
3 children often go through a slump in physical beauty during the early
<{, teenage years and that many of them never recover,

4 The only sensible course, in light of the above considerations,
is to ignore esthetic criteria altogether in studying creativity in
children. And by esthetic criieria I mean not only criteria of
artistic merit, but also criteria of cleverness and ingenuity,

5 novelty, imagination, inspiration--in short, all the criteria accord-
Z% ing to which one might regard what a child had produced and say,

"My, how creative!"
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This leaves only the first aspect of creativity as a source of
criteria--originality, or the child's success in accomplishing some-
thing without specific guidance. Although such criteria do not sufri-
ciently delimit the domain of what popular usage calls "creative,"
they do at least include it. Moreover, thay provide the opportunity
for objective criteria which can, in the extreme, eliminate the problem
of adult biases in judging children's performance. Thus, if a child
does put a rock on a newspaper in response to the direction, "Do
something so that the newspaper won't blow away," it may be difficult or
fatuous to judge whether such an obvious response indicates imagina-
+ion when performed by a five-year-old child, but it is at least
possible to ascertain objectively whether or not the newspaper blew
away.

Performance of this kind is usually labeled problem-solving
rather than creativity, but the difference appears to be only in who
sets the problem. The artist solves problems, but they are problems
he sets himself as he proceeds with his work and the problems often
cannct be formulated in such a way that they can be communicated
unambiguously to others. The judgment of art therefore requires a
well-developed esthetic tradition that ensures some common perception
of what the problems are. Since no such common understanding can be
developed with children and their productions, there is not much
choice but to stay with objectively defined problems,

Construction or craft activities are among the few kinds where
the young child may encounter-complex problems that he has a reason-

able chance of solving on his own. The child's effort, say, to build




L3
z

N,

13
&,
%

Ca— e e T i e e e e e, SRl S o, e L, VRPN 4 N, R AT e ® T S EET T A e 7 D B R 145 R -
’ < oTTmr e I . R R PL S P | 5
S

a bridge over a toy raiiroad forces him to deal with a number of
engineering and design problems that are beyond him conceptually,
but that he may nevertheless be able to work out practically. Such
activities therefore provide a promising training ground for creativ
thinking and one which, unlike activities in the Tiner arts, permits
scme objective estimate of what the problems are and how successful
a child is in dealing with them.

By far the most favored way of handling construction activities
in kindergartens and nursery schools is that of allowing children

to go about them freely--to set their own problems, in other worads,

and solve them with minimal help from the teacher. Such an approach,

however, places considerable T
to cope with rather than retreat from problems. It would not appear
to be a very potent approach for the all too common child who merely
"pesses around” with materials in a purposeless and problem-free
manner.,

Assuming that learning takes place through coping with problems,
construction activities could be improved by taking steps tc see
that children actually encounter problems. The simplest and most
direct way would be to assign tasks that could be depended upon to
face the child with problems. Such an approach runs the risk, how-
ever, of overwhelming the child with problems he is not equipped to
handle. Alternatively, one can set construction tasks and then guide
the child in executing them. This is the widely condemned but still
very common method of "All right, now, everybody take hold of the
blue strip of paper by the end, like this." It guarantees that

children will go through the motions but seemingly eliminates problem-

solving for everyone but the teacher.
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The problem seems to be this: cast adrift, young children are
likely to ignore or fail to handle problems; they need some help
from a model, but when the teacher shows them what to do she is pro-
viding them with a model of the mechanics of ccnstruction, not of
problem-solving. What might be better, therefore, is for the teacher
to serve as a model of problem-solving, thinking aloud and demonstrat-
ing, so that the children can participate vicariously in the figuring-
out process itself and learn something of it.

2. 42 Objectives

This study was designed to provide a comparison of the effects
of the four approaches suggestied above on children's abiiity to

solve construction problems independently, the four approaches being

designated as follows:

1. Independent Construction, (FC), in which children are free

to make whatever they wish as they wish.

; 5. Guided Construction, in which the teacher leads the children

3 step-by-step through the construction of a specified object.

s 3 - e
SRS S

3, Independent Problem-solving, in which the children are

assigned some object to construct but must work out the method them-

)
4
FEAAA R

selves.

. (@uided Problem-solving, in which an object is assigned to

RS TR SO

i construct, but the teacher serves as a model and guide in problem-

solving, rather than leaving the children entirely to their own devices.

pogtsEsx T ;q BN G S

Tn accordance with the argument of the preceding section, the
criterion was chosen to be as free as possible of subjective judgments

i of esthetic quality, imaginativeness, and the like, Children were to
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be tested by constructing specified objects (not previously constructed)
as in condition 3, above. The criterion chosen was the simple one
of the extent to which the child's production censtituted fulfillment
of the assigned task, in function and appearance. Thus, if the task
were to construct a bridge, the criteria would not include cleverness
or beauty, but simply such points as does it look like a bridge?
does it soan a distance? could it function (inminiature) as a bridge?
The four approaches, as labeled, differ on two dimensions. It
was predicted that the guided approaches would result in better cri-
terion performance than the independent approaches and that the approaches
involving problem~solving would result in better performance than
those lacking definite focus on problems. Thus the fourth approach,
Guided Prﬁblem»solving, was expected to show the best results of the
four, being a combination of the two favored characteristics,
2,43 Methcd and Procedure
Subjects: Subjects were children in four nursery school classes,
all largely populated by children of university faculty members and
graduate students. Classes A and B (n = 17 and n = 20) were the four-
year-old classes in a cooperatively owned but staff-operated nursery
schcol, Class B consisting of the older fours or those judged by the
teachers to be more mature., Class C consisted of ‘the four-year-old group
(n =21) in a cooperative nursery school. Class D (n = 20) was from
the same school as Classes A and B, but consisted of the older and

more mature of two classes of three-year=olds.,
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Treatment: Fach class was divided into four treatment groups

that were conducted simultaneously. Training for all groups cunsisted

of six daily half-hour sessions, fcllowing which there were three daily
testing sessions, also of half-hour length., Each child in every group

was provided with an identical large assortment of construction materials
that included such things as styrofoam balls, pipe cleaners, colored sticks,
paper cups, sponges, dictaphcne belts, papsr straws, wire, modeling clay,
scissors, and paper, After each training or test session materials were
replaced to maintain a constant inventory. Training procedures were as

follows:

Group IC (Independent Construction) had no assigned tasks, being

were permitted to give technical assistance when it wes requested,
but were otherwise restricted to offering encouragement, suggesting
that the child try new projects or new materials. and supplying
liberal praise for accomplishments,

The other three treatment groups followed a fixed sequence of
construction taskss'one task each day in the following order: 1) scare-
crow, 2) wagon, 3) kite, 4) cage for lion, 5) bridge, 6) giraffe.

Group GC (Guided Construction) was guided through the construction of
each object, following predetermined plans that were intended to embody
novel uses of materials and interesting structural ideas.

Group TP (Independent Problem-solving) was simply assigned the
task with no instructions or advice as to how tc do it., Experimenters
were limited to the same kinds of activity as in Group IC, excent
that they were directed to encourage a child to keep trying if he

showed an inclination to give up on a task.
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To Group GP (Guided Problem-solving) the task was presented as
one that experimenter and children would have to work out Jjointly.
Although the experimenter had the predeterm. ned plans used with Group
GC to fall back on, he was instructed to make as much use as possible
of the children's ideas. The experimenter's function was to call the
children's attention to problems and possibilities of elaboration and
improvement as a construction project went along. Only if the children
failed to come up with adsquate suggestions of their own was the teacher
to offer definite suggestions.

Testings After six daily sessions administered according to the
treatment descriptions given above, all groups were given three
additicnal daily sessicns under the IP (Independent Problem~soiving)
condition, in which they were told what to construet but given no
guidance in how to do it. The tasks were a boat, a rattle, and a
bird house. These represented the criterion tasks according to which
the effects of the treatments were judged. These criterion tasks
were selected at random from an original set of nine, the remaining
six constituting the training tasks.

Each object produced during test sessions was photographed in black-
and-white along with a coded label, and jumbo-sized prints made, The
photographed objects were then rated independently by two raters, one
an advanced undergraduate in architecture, and the other in industrial
design., The raters had had no previous contact with the experiment
and pictures were coded in such a way that the raters could not identify
treatment groups, nor even which objects were made by the same child,

thus eliminating any halo effect. Rating was done on a six-point scale
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of degree to which the product represented fulfillment of the task assigned.

Raters were instructed to judge on the basis of both function (for instance,

could the bird house house a bird) and figural resemblance, but not esthetic

appeal or novelty.

Teacher-experimenters: Four teacher-experimenters were responsible

for administering the training and test tasks. All were undergraduates--
one male art student, two female students in elementary education, and
one female student in communications specializing in children'’s television.
A1l had had extensive experience in working with young children, though
not as nursery school teachers. Each teacher was instructed in each of
the methods and was closely supervised during the experiment itself to see
that the assigned method was being followed. A given teacher-experimenter
would work with the same group of children through an entire series of

six training and three testing sessions.

Experimental design: The design of the experiment was somewhat

complex in order to control for teacher and class differences. The four
classes, four teacher-experimenters, and four treatment conditions
formed a Latin square. Thus, every treatment was administered once in
each class and once by each teacher-experimenter. Iu addition, however,
the four treatments formed a two-by-two factorial design, one factor
being guidwd versus independent activity (GC and GP versus IC and IP)
and the other being emphasis on construction versus emphasis on problem-
solving (GC and IC versus GP and IP). There were also two within-person
factors-~-the three test tasks and the two independent raters.
2.4 Results

A five-way analysis of variance on product ratings was carried

out, the factors being identified as follows:
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Between subjects

A  Nursery school class (4 categories)
B, Guided versus independent activity (2 categories)
B. Construction versus problem-solving emphasis (2 categories)
Within subjects

C Criterion task (3 categories)

D Rater (2 categories)

A Tixed-effects model was applied throughout, even though factors A,
C, and D could all be treated as random effects, because of the technical
difficulties in applying 2a mixed model to a design of this size. A
choice had to be made between including nursery school class or experi-
menter as a variable in the analysis, since their interactions were con-
founded in a Latin-square design. Preliminary analyses showed both
factors to have significant main effects  dut it was decided to include
nursery school class on the grounds that its interactions with other
factors might be more interpretable., As a result of photographic failures
and absences, T4 of the Uil possible scores were not obtained., However,
these missing data were scattered in such a way that at least two scores
were available for each subject. Migsing data were accordingly filled
in by the method of marginal mean estimates suggested by Winer (1962,
pp. 281-283), a method which should be expected to gain in accuracy with
the number of factors involved. Error degrees of freedom were adjusted
to reflect data loss. All four-way and higher interactions were pooled
with their respective error terms, except for the BlB2CD interaction,

which was pertinent to the interpretation of treatmeni effects.
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Table 2.44.1 presents the results of this analysis of variance. :

There is a highly significant A effect, which merely reflects the inferior

performance of the three-year-old group compared with chat of the other

three groups composed of four-year-olds (a mean of 2.72 compared to means J

of 3.55, 3.88, and 3.75 for the other groups).

Table 2.44.1 - Five-way analysis of variance on nursery
school class, two treatment dimensions, task, and rater
Source af SS MS P P
Between Subjects 73 604,95 - . \

A (Nursery School Class) 3 93.05 31.02 5.84 <.01 g
B. (Guided-vs.~Independent ) 1 2.4.49 2 49 4,61 .05 z
B,(Construction-vs.~Problen- 1 .36 .36 <l n.s. f

solving) g
AB, 3 87.42 29.14 5.49 <. 01 %
AB 3 23.03 7.68 1.48 n.s. :
B 8 1 7.22  T.22  1.36 n.s.
aB B, 3 51.33  17.11  3.22 <.05
Su%jects within groups 58 308.05 5.31 »

Within Subjects 296 892.28 ;

C (Task) 2 26.36  13.18 2.65 <,10 |
AC 6 21.91 3.65 <1 n.s. ,
B,C 2 18.15 . 9.06 1.83 .25
B.C 2 9.59 4.80 -1 n.s.
Aﬁlc 6 48.55 8.09 1.63 <,25
AB.C & 38.86 6.48 1.30 n.s.
B8 C 2 7.2 3.71 <l n,s.
'P%died error 85 422,33 4,97
D (Rater) 1 8.38 8.38 h,25 <.05
AD 3 8.56 2.85 1.45 <.25
B.D 1 01 91 £1 n.s.
BID 1 5.06 5,06 2.57 < ,25
AB.D 3 2.2k 73 21 n.s. ﬁ
ABMD 3 4.38 1.46 21 n.s.
B.B_D 1 2.80  2.80 1.h2 n.s.
Péoted error 61 119.9%  1.97
CD 2 22.16 11.08 11.19 <.01 E
ACD 6 13.33 2.22 2.2k «,05 ,
B, CD 2 7.2k "3.62 3.66 <.05
B,CD 2 2.26 1.13 1.14 n.s.
B.B,CD 2 4,52 2.26 2.28 £.25
Pofed error 97 96.33 .99

Total 369 1497.23
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The B, effect (guided versus independent activity) is significant

at the .05 level, indicating superior criterion performance for the

guided grouls (mean of 3.73 versus 3.25). The absence of any signifi-

cant B2 effect or B1B2 interaction would suggest that the differences

among treatment groups are wholly attributable to effects of teacher

guidance versus the lack of it. The situation is complicated somewhat,

however, by the presence of significant ABl and ABlB2 interactions.
These interactions are graphed in Figure 2.LL.1.

Figure 2,44,1 - Between-group Interactions
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(IC and GC). Class A on the other hand shows a B, effect, the guided

groups markedly exceeding the independent groups in criterion perfor-

mance. Class D (the three-year=-olds) reveals higher scores for Guided

Construction than for any of the other %reaitments, while class B shows

just the opposite. Thus the treatment effects are not at all clean.
Turning to within-person effects, a significant difference between
raters (factor D) was obtained, and the difference between mean scores
for the three test tasks (factor C) approached significance. These
effects are of no interest however, and neither factor taken singly
interacted significantly with the hotween-subject fectors. A highly
significant interaction between factors C sud D was obtained, however,
indicating that the two raters differed in the relative scores they

assigned to the three kinds of criterion task objects. Moreover, this

effect was involved in significant three-way interactions with factor

A and factor B Figure 2.44,2 illustrates the latter interaction.

2 1’
i‘? Tt is evident that Rater 1, shown in the left-hand graph, was quite
g‘i' consistent in the scores given to treatment groups on all three tasks,

whereas Rater 2 showed little consistency--for instance, groups GP

o (¥ £ M e

- and TP each received the highest score on one task and the lowest

i Rt poib ol ) 4,9

: E score on another.

A This interaction reflects on the reliability of the scorers.

515 Tt will be recalled that the objects to be rated were coded in such

a way that scorers could not PE}} whether different task objects

came from the same treatment group or individual. Thus the consistency

2 shown by Rater 1 could not have arisen from bias or failure to make

TR Y

independent judgments. Rather, it would indicate that his ratings viere
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Figure 2.1h.2 - Task-by-rater-treatment Interaction
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sufficiently valid that they reflected the same group differences from
task to task. In the light of this consisteney over measures, it would
appear that the scores given by Rater 2 reflect erratic Jjudgments or
judgments on dimensions not common to the three tasks. The discrepancies
between the two raters are further indicated by product-moment correla-
tions between their ratings. For the separate tasks, the agreement is
fairly good considering the ambiguity of the dimension being rated--

r = 47, .68, and .61 for boat, rattle, and bird house, respectively.

But the sums of their ratings over the three tasks correlaved only .h9,
vwhereas they would ordinarily be expected to correlate more highly than

the separate task scores.

The above findings made it seem advisable to examine the results

N for Rater 1 separately. Only the between-person factcrs were examined,

vy

since it was already evident that there would be no significant effects

+
t k*"l‘"i

"R related to task for Rater 1. This analysis is reported in Table 2.L4.2.
3 The results are essentislly the same as for the five-way analysis of
4 variance reported above, except that the Bl and ABlB2 effects are sub-
5 stantially strengthened.
;‘é Table 2.44.2 - Reanalysis of between-person effects using
E scores from Rater 1
-t Source af SS MS F P
3 A (Nursery School Class) 3 4h,03  1k.68 6.07 <01
2 B, {(Guided-vs.-Independent) 1 17.%0 17.40 7.19 <.01
4 B, (Construction-vs.-Probiem- '
solving) 1 1.36 1.36 <1 n.S,
, AB, 3 35.52  11.8h4 L4.89 <.01
9 AB_ 3 15.62 5.21 2,15 <25
B.8 1 1.59  1.59 <1 n.s.
Ak B, 3 78,51 26,17  10.81 .01
Su%jects within groups 58 140.55 2.h2

Total 73 334.58
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mwo final analyses of between-subject differences were carried
out that attempted to deal with the problem of missing data by eliminat=-
ing portions of the design rather than by estimation. In both analyses
subjeats were retained only if complete data were available on themnm.
The firstwas aclass-by-treatments analysis which, by using data from

only the first two test btasks and by elimina%ing Class B altogether,

retained 49 of the original T4 subjects. This analysis revealed no
significant treatment effect (FL1), but a Class effect and a Class-
- ~é by~Treatment interactioq both significant beyond the .05 level. The
; interaction, again, was similar in pattern to that shown in Figure 2.hh.1.
The other analysis used only data from the third test task and permitted
1 use of 65 of the original 74 subjects, but eliminated one cell (the
E IC treatment group of Class C), thus breaking up the Class factor. A
one-way analysis of variance révealed no treatment effect (F = 1.6k,
af = 3.61).
2.45 Discussion

There was an overall tendency for children who had received direct

5 guidance in constructing objects to do better on the construction of
T3 test objects than those who had received only encouragement and praise.

é The effect of the direct "do it this way" type of exercise was especially
pronounced with the youngest children. These findings cannot be dismissed,
however, with the old slur of "teaching for the test.” If the charge
E is applicable to any treatment, it is the Independent Problem~-solving
condition which was identical to the testing condition. If the children
in the guided treatment conditions were to apply anything they had
> learned to the test tasks, it would have to be through transfer of
principles or techniques to new problems, not through the simple repeti-

tion of learned patterns.
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Most likely, what was transferred in the guided conditions was a
superior repertoire of material uses to draw upon in construction tasks.
children in the unguided conditions tended to stick to a few materials
during all their training sessions, even though the teachers praised
any use of different materials. In the Guided Construction condition,
on the other hand, constructiéns were planned so as to assure the children
of experience with a variety of material uses. This was also true to
some extent in the Guided Problem-solving condition, which in addition
directed attention to different materials through the often-used ques-
tion, "What could we use for sucp-and-such?"

Observations of the four replic?tions of each treatment suggested
that motivation was generally higheét in the directed training groups,
although this high level of motivation was quickly lost% when teacher
direction was withdrawn in the test sessions.

Independent Problem-solving was the most difficult condition to
manage, and thus it presented difficulties as a testing condition as
well. Children were often inclined to give up and say they couldn't
do it as soon as a problem was posed. In the Independent Construction
condition, children were generally enthusiastic for the first few
sessions, but then became bored as they kept making the same things
over and over. Suggestions that a child try something different were
usually ineffectual, since the teacher was barred from suggesting any-
thing specific,

Guided Construction was the most uniformly successful treatment
from a procedural point of view, as one might expect it to be, con-

sidering its continued widespread use by teachers over the objections
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of authorities. Some of the children were unaccustomed to taking dirsc-
tion in their work, the nursery school classes being all of a somewhat
ibersl bent, but they came into line quickly when they saw that failure
to go along with directions resulted in failure to bring forth the
product that others in the group were so proud of. If nothing else,
Guided Construction seems like a good method of conformity training.
Guided Problem-solving proved to be a difficult treatment for the
teacher-experimenters to carry out. It is, after all, a "discovery
method,"” and shares with others of this family the placing of a heavy
burden on the teacher's resourcefulness, patience, and responsiveness
to subtle cues from students. Only one of the teacher-experimenters
struck the writer and his colleagues as being fully successful in bring-
ing the method off. In her group an interesting transformation took
place. She succeeded in getting the children intensely engrossed in
each day's construction problem, mostly through example, and used
questions to lead them on to productions that were striking to the
children who made them as well as to observers. By the third session,
however, the children began to take on much of the question asking them-
selves., Eventually the sessions came to resemble the Independen* Problem-
solving condition, the teacher-experimenter doing little more than intro-
ducing the problem and the children proceeding from there to a lively
discussion of how to go about constructing the problem object. The
difference, however, was that the children worked as a group, whereas in
the Independent Problem-solving condition they worked independently
except for copyingol This made a difference when it came to the test
tasks, where the children were not allowed to work out constructions
cooperatively. This exemplary group, which was the GP group in Class
C (see Figure 2.4h4.1), performed well but not at all outstandingly so

on the criterion tasks.
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The other Guided Problem-solving groups, though not so successful
in realizing the intent of the method, were nevertheless saved from
disaster by the provision that if the teacher-experimenter was not
successful in drawing solutions from the children, he should allow them
to participate vicariously in his own sclving of the problem. This
meant, in effect, a partial regression toward guided construction.

The availability of this option is noteworthy in constructive or crea-
tive activities, since it is not usually available in other activities.

Tn teaching mathematics, for instance, when a teacher's efforts to lead

the children to discover a principle fail, her alternatives are either

to turn guided into independent problem-solving with useless injunc-

A

tions, such as, "Come on, think!" or else to retreat humiliatingly to

. '
& feadptavae i A

direct instruction, saying in effect, "A11 right, since you were too
dense to figure it out, here's the answer." For the teacher to think
.3 the probiem through aloud herself and discover the solution, allowing
2 : the children to participate vicariously in the adventure, will be
"'% quickly spotted as the fraud it is. In creative activities on the
other hand, the teacher can be authentically thinking aloud and at least
trying to hit on a new solution, even though she has been over the
same ground many times before.

The phenomenon of children in the Guided Problem-solving group

either advancing to Independent Problem-solving or regressing to

Qrais .
r o g
AR N A

Guided Construction suggests, however, that the ideal approach includes

,.
S ar

all four of the treatments included in this study, but in a certain

L e M
e

7 sequence rather than combined. Thus Guided Construction would be the
& logical starting point, especially with younger children, so that

"f‘ they could acquire techniques and familiarity with materials. Graduvally
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the treatment could shift to Guided Problem-solving, in which the children
became more involved in the planning, the teacher working out construction
ideas with the class rather than beforehand. As the children began to
acquire the ability not only to answer questions related to construction
problems but also tc ask them, the teacher could take a less active
role, and the treatment would shift to Independent Problem-solving.
Finally the children might be able set their own tasks, in which case
they would have worked their way up toc Independent Construction, but
having acquired what it took to be successful at it alcug the way.

ne final suggestion from this study is that creative problem-
solving, however it is taught to young children, can probably best be
taught to them in grcups. Only in groups is the question-and-answer
process that moves problem-solving along carried on publicly enough so
that all may learn from it. The chance of success is also greater and
the need for sustained effort and concentration is not quite so great
as it is for the child working alone. The idea that creative thinking
must be a solitary enterprise is probably itrue as regards complex
productions-~it is hard to imagine brain-storming as ever having wmuch
utility beyond the discovery of angles and gimmicks. But with young
children complexity is never at a very high level anyway, and working
in groups could be expected to have the effect of adding to rather than
reducing the complexity of the aggregate product.

2,46 Summary

roups of nursery schcol children were given six half-hour sessions

of construction activities, using a large assortment of construction

materials, Following this vere three test sessions in which the children
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were assigned three construction tasks to be carried out independently
without help or suggestions. The tasks were to construct a boat, a
rattle, and a bird house. Photograrhs of the products were given blind
ratings on the degree to which the product represented fulfiliment

of the task assigned (not on originality or esthetic value). A total of
74  children were involved in four replications of four treatments:
Independent Problem-solving, in which daily tasks were assigned as in
the test condition; Independent Construction, in which no tasks were
assigned but the children were merely encouraged to make something dif-
ferent each day; Guided Problem-solving, in which teacher and children
work out the solution of construction problems cooperatively; and

Guided Construction, in which the teacher directs the children through
a predetermined series of steps in the construction of prescrited

eparation of the

4]

objects. The analysis cf ratings provided for the
two treatment factors, guidance versus independence and problem-solving
versus construction. Only the first factor showed any significant
effect, and this was in favor of guidance over independence. There was
no interaction between treatment factors; thus Guided Problem-solving,
which was expected to have greater transfer value to the test situation,
produced no better results than Guided Construction, which is popularly

believed to discourage creativity.
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2.5 Teaching Conservation of Substance

David W. Brisonl’2

2.51 Prefatory note (by Carl Bereiter)

Although from a common-sense educational point of wiew learning to read

is the intellectual attainment par excellence of the child during his second-

five years of life, to the many followers of Jean Piaget, the major intel-
lectual advance in these years is signaled by the acquisition of a peculiar

concept called conservation of substance. Conservation of substance refers

to the fact that things do not increase or decrease in the amount of matter
they contain when they uﬁdergo changes in shape or distribution.

The differences between children who have and who don't have this con-
cept are often quite striking. Start with two balls of clay that the child
acknowledges are equal in amount aznd mold one of them into a star. The child
who lacks conservation may state very confidently ﬁhat the star contains more
clay and explain that this is because it has points on it which the ball does
not. A year later the same child may state just as confidently that the ball
and the star contain the same amount of clay and explain that they had the
same amount before and that you didn't put any on or take any away.

Still, what is so important about this concept that should make it stand

out above all the others that children commonly acquire between the ages of

five and ten? To Piaget it is important because in order to grasp this con-

cept (or to conserve, as it is put more operationally), the child must have

LS NN e D L W R AR VORI & e R S SR e Lt S o

accomplished most of the steps involved in progressing frﬁm a. pre-logical
/

stage of thought to the stage of concrete logical thinkihg. Conservation

ALY Sl

1 Now at Ontario Institute for Studies in Education.

3 2 Dr. Luther Pfluger, Principal of the Hawthorne Elementary School in
3 Oak Park, Illinois, was extremely helpful in providing the setting for
3 the data collection.




N
4
¥
¢
:

82

TS

involves reversibility (mentally reversing an operation to determine whether
N

o ——

things return to their original state) and compensation (dealing simultaneously

with two variables that ciiange reciprocally to maintain some function at a .
constant value). It also requires some concept of atomism, of matter composed

of small particles that can be rearranged without altering their number. The
non-conserving child, according to this analysis, is dominated in his thinking

by immediate perception and by the particular stimulus dimensions that he

happens to focus upon. He cannot, therefore, successfully integrate past

knowledge with present perceptions nor deal with relations involving more than

one dimension at a time. Thus he is severely hampered in his efforts to under-

<

stand the flux of states and relations in the world about him until he begins
- o0 "conserve" (Piaget, 1960).
Tf conservation is so important, then speeding up its acquisition should

have far-reaching effects on the child’s conceptual development. Unlike reading,

however, it is not the acquisition alone that is important but also the sub-
ordinate learnings. With reading it is only the eventual ability to read that
counts and the subordinate learnings, such as letter recogniticn and phonics,
are of no particular value except as components of reading. If an efficient
way of teaching reading were found that could circumvent these subordinate
learnings, nothing would be lost. But conservation of substance in itself

is not a concept of overwhelming importance for a child, and to teach it by

some shortcut that circumvented the acquisition of reversibility or compensa-

NP RN
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tion would be to lose the point of Piaget's scheme of intellectual development.
In some pilot work on teaching conservation of substance to intellectually
advanced kindergarten children, the writer had observed that merely teaching

the children to predict correctly which way a balance would tip or whether it
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would remain in balance when various pairs of clay balls were placed on it

was sufficient in itself to produce conservation of substance for clay figures.
This ob: zrvation supported the suspicion that had been voiced by Braine (1962)
and others that children might actually have mastered the intellectual operations
required for conservation at earlier ages but failed to demonstrate conservation
because they lacked the clearly defined dimensional concepts that were required.

If this proved to be true, then it might be that the task of speeding up the

te -

child's mastery of operational thinking would be much easier than Piaget's fé
theory would indicate--that it would not be necessary to speed up the acqui-

sition of very fundumental logical operations but merely to teach children

dimensional concepts so that they could make better use of the operations they
already possessed.

Attempts to replicate the "balance" finding with children from average
to disadvantaged backgrounds failed utterly, however. The original experi-
mertal design called for training 20 non-conserving kindergarten children to
a criterion of 6 successive correct anticipations on balaancing problems and
comparing their performance on a conservation posttest with yoked control
subjects who were retested after the same amount of elapsed time. The experi-
ment was terminated after the running of 12 experimental and 12 control sub-
jects, however, when not one subject in either group showed any indication of
improvement on posttest performance. even though the experimental children
did succeed in mastering the balance problems.

The subjects in this study seemed to be totally immune to cognitive con-
flict or incongruity. Although all the experimental subjects eventually learned
the simple rules for predicting which way a balance would tip when unequal balls

were placed on it, they never seemed particularly perturbed if their predictions




8k

proved wrong. After the posttests I would attempt various maneuvers with
some subjects to get them to see the contradictions inherent in their
judgments. Having, for instance, elicited the judgment that the piece of
clay shaped like a triangle contained more clay than the ball, I would then
remove bits of clay from the triangle one at a time until the child judged
that it now contained the same amount of clay as the ball. I would then
mcld the triangle into a ball, which the child could immediately see was
smaller than the first ball. We would then go through the process of putting
bits of clay back until the smaller ball was the same size as the original
one. This, of course, resulted in adding back all of the clay that had been
taken off before, a fact which was pointed out to the child. One of the
balls was then molded into another shape and the process repeated. The
children could apparently go through such cycles indefinitely, with only mild
interest, and without ever seeming te find it remarkable or puzzling that the
amount of clay taken away to make the dissimilar objects alike in guantity
was exactly the same as the amount that had to be replaced to make them alike
when they were both balls.

The most obvious difficulty was that the children did not seem to be
particulary interested in ambunts of clay. When asked the question, "Does
this one have more clay or less clay or the same amount of clay as this one?"
the children often gave the impression of merely being devoid of any opinion
on the matter. If many of them sesmed not tc understand the question, it
was also the case that they secemed not to try very hard to understand it.

David W. Brison, who had been working as a research assistant on the
conservation project, devised a new attack on the teaching of conservation

through the use of a social situation in which comparisons of quantity and
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the use of past jnformation in quantitative judgments would assume importance

to the children. The following paper reports a test of this approach, which

Mr. Brison conducted as his doctoral dissertation research.

2.52 Prcblem and background

Experimental induction of the concept of conservation of substance was

the primary concern of this experiment. Conservation of substance 1is attained

when the ¢hild notes that the total amount of a substance remains constant

even though shape or geometric form is altered. One method of testing for

the presence of this concept is to present Two clay balls of the same weight

and diameter. After emphasizing the equality of substance, the E deforms

one of the balls into another shape (cross, sausage). The child is then

asked whether the deformed object has less than, more than, or the same

amount of clay as the ball. Ligquid substances can be used by utilizing

varicus shaped containers.

Piaget and his colleagues have extensively investigated the concept

because of their belief that important cognitive operations, namely decenter-

ing and reversibility, are involved in the conservation task. Decentering, as

seen in the conservation task, is the ability to simultaneously account for

perceived change in two dimensions. The nonconserving child attends to change

in only one dimension such as length or width and therefore asserts that the

deformed object has either more OT less clay. The conserving child realizes

that change in one dimension (height) is compensated for by change in another
dimension (width). Reversibility, in tne conservation task, is the ability

to see that the deformed object can be transformed back into its original

shape. These operations enable the child to extend his interaction with his
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environment because he is no longer tied to direct physical action in his

representational thought but is able iT rely on mental reversibility of his

actions.
Piaget has not attempted to accelerate the acquisition of the concept

but has studied its manifestations in both conserving and non-conserving

children. Other investigators (Brumer, 19615 Smedslund, 196la, 1961b, 1961lc,

19614, 196le, 1961f, 1962) have tried to induce conservation of substance

experimentslly. Smedslund has tested hypotheses derived from both external

reinforcement learning theory and equilibrium conflict explanations of

cognitive development. It is generally agreed that Piaget has said relatively

1ittle about these rules of transition (Flavel, 1963; Hunt, 1963; Kessen, 1962)

one exception being his treatment of accommodation which is the change in

intellectual structure necessitated by demands which the environment makes

on an individual. Studies of attempts to accelerate conservation.of sub-

stance have been reviewed in Brison’s unpublished doctoral dissertation

(1965), in Flavell's book {i963), and by Wallach (1963). These reviewers

agree that previous attempts to induce conservation of sub-

stance experimentally have met with only modest and tenuous success and. this

has impeded efforts to test hypotheses derived from various theories.

The present study was different from most other attempts ©o induce

conservation, such as Smedslund's, in that acceleration itself was the

primary purpose not the testing of hypotheses derived from opposing theories.

This strategy seemed justified because of the previous resistance of the

concevt to experimental jnduction. If the acquisition of conservation can

be accelerated under controlled experimental conditions in a relatively
short period of time, then subsequent research can isolate and test

theoretical explanations of the learning which occurred.
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There are several possible reasons why previous attempts to induce conser-

vation have not been successtul.
The children used in these experiments might not have understood the

words more, same, and less which are used in the conservation test. Further-

more, there is the possibility that the children might not have understood the

word amount and might have equated it with length or height or applied it

inconsistently to whatever aspect of the stimulus commanded thelr attention.

An additional explanation 1s that the experimental conditions may not have

been motivating or that attention to the training was not adequately main-

tained.

Tn this experiment the children were pretested for the understanding of
oy -

more, same, and less. An attempt was alsc made to get the children to apply

these words unambiguously to the conservation situation by asking them whether

the glass the liquid was poured into had more (same, less) juice to drink.

T4 js then difficult to apply the terms to anything other than amount. 1In

regard to the problems of motivation and attention, the attainment of a larger

2 reward was contingent uipon acquisition of the concept of conservatiocn. This

W<Fs-

feature was introduced not only to heighten general motivation to succeed but

P
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also to produce in the child definite expectations, the reversal of which

L}
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appears to have motivational properties (Charlesworth, 1964 ; Hunt, 1961).

KEgea

.. This experiment was also designed so that properties of the experimentally

T induced concept could be studied, specifically: (1) transfer of conservation

| ¢]

- to materials not used in experimental training, (2) stability of the concept
when the child was faced with an apparent contradiction, (3) relevance of 2

v set to seek explanations and search for causes.
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2.53 Method
The subjects were pretested on verbal concepts (more, same, less),

conservation of substance, and explanatory set. Those who showed no evidence

of conservation Of Si nee were divided into an experimental group (N=24)

which received training and a control group (N=26) that received a placebo

treatment. The control and experimental groups were matched on their

explanatory set scores. Twelve subjects who clearly demonstrated conservation

of substance on the pretest were used as accessories in the experimental train-

ing. All subjects were posttested on conservation of substance and those who

ave acceptable conservation responses were administered an extinction item.

g

The temporal order of events was: 1st day, pretests; 2nd and 3rd days, experi-

per day); 7Tth day; posttests and extinction.

mental training (25 min.

. B Subjects

The subjects were 62 kindergarten children from a middle-class suburban

: They ranged in age from 5 years, L months to 6 years, L months

. 4 community.
z with a mean of 5 years, 7 months.
4 Apparatus
i Materials employed for the conservation of substance gquestions were clay
z in 3 1/2 0z. balls, white sand, and a red fruit drink. The drink was also

4 used in the exmerimental training and placebo sessions. Regular cylindrical

o e s . . . . .
.3 drinking glasses served as containers. The extinction item required a glass

% with a thick bottom, but the other glasses did not have this type of bottom.

i
gt

Procedure

Pretests of Verbal Concepts. The examiner. showed the subject two

U

o d g vong et ¥
OB Y S

3 identical cylindrical containers with unequal amounts of juice and asked

successively which glass had less juice to drink, more juice to drink, and
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did they have the same amount of juice to drink. After equalizing the amounts,

the S was asked if they had the same ameuns of juice to drink.

Conservation of Substance Pretests. The corservation of substance tests

used the familiar format originated by Piaget and used by others. Conserva-

tion questions were given only to subjects who answered all four verbal pre-

test guestions correctly. The general format was as follows: the examiner

presented equal amounts of substance and stressed the sameness of amount.

Then one of the cbjects was made into anotrer shape. The experimenter asked

if the new object had more, the same amount, or less than the other object.

The subject’s reaction to this question was called the prediction. The

subject was then asked to explain his prediction. Simple restatement of the

prediction drew the response, "Why do you think they are the same (more,

legs)?"

The order of prehest conservation items was as follows:

1. Two identical cyliadrical glasses of julce: juice of one was poured

into a narrower glass {on all juice items, the experimenter asked if the

new glass had more, same Or less juice to drink than the original glass)‘

This item was admiristered by the experimenter immediately after the verbal

pretests. This was a screening question done individually in a2 corner of the

kindergarten class. The children were then given the rest of the conservation

questicns and the explanation questions by another examiner in another room.

2. Two orange balls ~- one chang=d into a ring.
3. Two green balls -- one changed into a triargle.

L. Two identical cylindrical containers with equal amounts of sapd --

poured into wider glass.
5, Two identical cylindrical containers with equal amounts of sand ~-

sand from one poured into narrow glass.
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Conservation items 2,3,4,5 were not administered by the same experimenter

Conservation Scoring Categories. All explanatiors irrespective of the

accuracy of the predictions were scored either acceptable (Acc) or unacceptable
(U). Acceptable explanations represented some attempt to organize the features
of the situation into an explanation. Perceptual responses (it looks bigger)
were scored Acc. An unacceptable explanation was one that did not represent

an attempt to formulate an explanation. Common examples were insistence on

restating the prediction and referral to an outside source (i.e., "'my mother

t01d me so").
Explanations of all correct predictions were scored as:

1. Adequate --- two categories of adequate responses were scored: (a)

compensated by change in another dimension, (b) reversibility -- referral

to the original equality of the amounts. The explanation that nothing had
been added or taken away from the object before it was deformed was included
in this category.

2, Inadequate -- explanations which were obviously wrong.

Three hundred fifteen explanations were scored as acceptable or un-
acceptable by two independent judges. The percentage of agreement was 96
and a phi correlation coefficient of .84 was obtained. In 108 explanations
of correct predictions scored as adequate (compensation or reversibility)

or inadequate, the judges agreed on ol percent of the classifications.

Explanatory Set. The explanatory questions were included in the pre-

testing in order to see if the general tendency to look for causes and formulate

explanations had any relevance to the experimental induction of conservation in
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nonconserving children. The experimenter administered the explanation questions

upen finishing the conservation pretesting. The questions were:
1. Why do houses have doors?
2. Why do books have covers?
3. Why can older boys (girls) usually run faster than you can?
4. Why do people read?
5. Why is it harder to ride a bicycle than a tricycle?
6. Why don't people spank little tiny babies?

The subject's explanatory set score was the total points he received on

the explanation questions plus one pocint for each acceptable explanation on

conservation questions.

Criteria for Inclusion in Experimental and Control Groups. The subjects

had to pass all four verbal concept questions and fail the first conservation

of substance (juice) question by giving a wrong prediction. On the four

additional conservation questions the subjects did not give any correct

predictions with adequate explanations and not more than two correct pre-

dictions with inadequate explanations. Each group (experimental and control)

gave a total of only four correct predictions with inadequate explanations.

The subjects were matched on their explanatory set scores and randomly

assigned to both groups.

Criteria for Selection of the Conservation Group. Ten cf the twelve

subjects in the conservation group gave at least four correct predictions

with adequate explanations in response to the pretest conservation questions.

One subject predicted correctly four times with three adequate explanations.

The remaining child had two correct predictions with adequate explanations.
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Experimental Training: First Day. The experimental groups were divided

into six subgroups and two conserving subjects assigned to each subgroup.

The subjects in each subgroup were shown two identical cylindrical glasses

A and B (Figure 2.53.1) with obviously unequal amounts of juice. Figure 2.53.1
represents the process followed. A was poured into C and B into D. The
exawiner stated, "I know that you all like juice, which one (C or D) would you
take if you wanted more Jjuice to drink?" The children pointed to the glass
they wanted. The liquid was then poured back into glasses A and B and the

Ss given the amount they chose to drink. A child who chose the correct

glass was asked tc give an explanation. This procedure was repeated two

more times, using different pairs of unequal glasses. On the first trial,

almost without exception, non-¢onserving subjects chose the narrow glass and

conserving subjects the wide glass.

Figure 2.53.1 Glasses Used in Experimental Training.
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Experimental Training: Second Day. The second session involved a

variation to prevent the subjects from concluding that the wide jar always
contained the larger amount. Each child received two trials (conducted again
in group setting); on one trial the largest amount was poured into the wide
glass and on the other it was poured into the narrow glass. Subjects
answering correctly were asked to give explanations.

Control Group Placebo Treatment. The control group was also divided

into six subgroups and participated in placebo treatment sessions according
to the same schedule as the experimental group, except thnat the main activity
was free construction using lots of material similar to those used in the
experiment described in section 2.4. At intervals during the sessions Jjuice
was served -- the same number of times as in experimental sessions -- but
equal amounts were measured out for all children.

Conservation Posttest. The posttest was identical to the pretest except

that the orange balls were changed into a cup and the green balls into a

Cross.

Extinction Items. These questions were administered to all experimental,

control, and conserving subjects who gave correct predictions to posttest
items 1 (juice-narrow) and 5 (sand-narrow). Following a correct prediction
on these questions, the experimenter returned the glass he had just emptied
to his lap and replaced it on the table with a glass which was similar in all
respects to the one removed except for a thicker glass bottom. The juice in
the narrovw glass was poured back into the "fake" glass and the discrepancy in
levels pointed out to the subject. The subject was given a chance to respond

and then asked to explain the discrepancy.
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Examiners. Five experimenters assisted the principal investigator and
in no instance did a posttest examiner know whether the subject he was testing

was in the experimental or control group.

2.54 Results

Induction of Conservation of Substance. Table 2.54.1 shows the main

results of the experimental induction. Twelve of the 24 experimental subjects
who received training showed some evidence of conservation on the posttest as
opposed to only one of the éontrol subjects. The criterion for evidence of
conservation was at least one corrcct prediction with an adequate explanation.
The 12 experimentally trained subjects who evidenced conservation on the
posttest gave a total of 38 "same" responses; 3.2 of these responses were
accompanied by an adequate explanation. The minimal criterion of one same
response was exceeded in all but one case. A significant difference between

2
the experimental and control subjects was found by chi-square analysis €K511.52,

go) < .01).

Tabie 2.54.1 - Evidence of conservation

Group Yes No
Experimental

(N = 2k4) 12 12
Control

(N = 26) 1 25

Table 2.54.2 presents the number of experimentally trained subjects who
reached a critverion of four correct predictions on the posttest. A chi-

square analysis reveals that the difference between experimental and control

groups is significant (2’2= 3.93, pL .05).
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Table 2.54.2. - Experimental Ss exhibiting “our "Same" predictions

Group Yes Mo
E;perimental

(W = 2k) 5 19
Control

(N = 26) 0 26

The experimental group gave a total of L1 correct conservation predictions

in the posttest and the control group a total of 3. A nonparametric median fé

test showed this difference to be significant at the .001 leveli. -

The criterion e

Transfer to Substances Not Used in Experimental Training.

KA

for acquisition of conservation in a specific substance (clay, sand, juice) was

at least one correct prediction with an adequate explanation. Of the 12 subjects

who demonstrated conservation cn one or more items, 6 demonstrated it on Jjuice, i

8 on sand, and 9 on clay. Thus conservation responses were most often evidenced ) ::

on clay, although clay was not used in training and does not share with the 3

training suvbstance (juice) the property of being pourable.

Transfer of conservation from one substance to another for the experimentally :i *

trained subjects is shown in Table 2.54.3, The transfer between clay and sand é;@
,',74,%:‘ £

is significant (Fisher exact test, p < -025) but not between juice and the

other substances. The number cf questions differed (one for juice, two each

for sand and clay) and this complicates the analysis.

Responses to Extinction Questions. Table 2.54.4t summarizes the extinetion

data. A response was defined as relinguished only if the subject stated that

the glass with the thick bottom contained more of the substance. Every othex

response wag defined as a resisting response. Three experimental subjects
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Pable 2.54.3. - Transfer of conservation for experimental Ss, as shown by
rass-fail contingencies, with one correct prediction with
explanation as the criterion for passing

TG Ky e PR

%
: Clay
§ Pass Fail
Pass 6 2
Sand
Fail 3 13
Sand
Psass Fail
Pass 3 3
Juice
Fail 5 13
Clay
Pass Fail
Pass 4 2
Juice ‘
Fail 5 13

Table 2.54.4. - Responses to extension items by
experimental conservers and con-
servation group

Experimental Conservation
Resisted on both questions
Relinquished on both questions 2
Relinquished on 1lst, resisted on 2nd 1 3
Took 1st item (relinquished or
resisted) and gave wrong pre-
diction on last conservation
question 5 1
No more same predictions after
1st extinction question 1 0
Only took 2nd extinction gquestion
relinquished

1

resisted




971

responded with a wrong prediction to the first juice gquestion and were nod
administered for the first extinction item. Six experimental subjects gave
a wrong prediction on the last conservation question after teking the first
extinction item. Five of these subjects did give correct predictions to
other questions indicating that the concept was not totally extinguished.

Only five of the twelve experimental Ss who showed evidence of conser-
vation reached a criterion comparable to the level of the Conservation Group.
The performance of these five Ss on extinction was:

1. two resisted twice.

2. one relinguished on the first, resisted on the seccnd.

3. one took only the second and resisted.

L. one took only the second and relinquished.
Although not statistically significant because of the smell number, this
performance resembles the conservation group's reaction to extinction.

Relevance of Explanatory Set. The explanatory set score was not related

to acquisition of conservation for the experimentally trained subjects. The
difference between means of acquiring versus nonacquiring experimental subjects

on the explanation questions approached significance (p < .10, one-tailed test).

2.55 Discussion and coxnclusions

The data show that the experimental training was influential in acceler-
ating the acquisition of conservation of substance. ¥Five experimental subjects
gave at least four correct predictions while seven other experimental subjects
showed significant growth in the development of the concept.

The experimentally induced concept was not restricted to the substance

used in training. This transfer phenomenon in respect to clay is even more

R I R e
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remarkable in view of the finding by Hyde reported by Lovell (1965) that some
children who conserved with liquid failed to conserve with clay.

The stability of the experimentally induced concept, measured by the
child's reaction when faced with an apparent contradiction of the conserva-
tion principle appears similar to the stability evidenced by the conservation
group who had the concept before the experiment started. This statement is
based on the performance of the five experimental subjects who demonstrated
conservation at a level commensurate with the conservation group. Smedslund
(1661c) applied a somewhat different extinction item to eleven subjects who
acquired ccnservation by external reinforcement and all of them extinguished.

The data from induction, transfer, and extinction indicated that the
experimentally induced concept is like the concept which children acquire

“"naturally.”

The main limitation of this study is the failure to isolate the variables

in the experimental training responsible for the induction of conservation.
The experimental training was standardized and, in light of the difficulty
other investigators have had in producing the concept, it took place over a
relatively short period of time. Subsequent research will have to manipulate
the observed variables operating in the training.

1 One criticism of attempts to accelerate conservaticn has been that the

; experimental training provides practice in the use of the "same" response,

:g which children are sometimes reluctant to use. It is important to note that
_Q? notking in the experimental training would contribute to the increase in

A same predictions if the concept of comservation of substance was not acquired.

.G Training was in the conservation of inequalities in ~hich the correct (reinforced)

4 response was always more or less, and not the same.
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in the conservation training, the subjects had the expectation that the

narrow container had more juice and this expectation was disconfirmed. Then in

order to obtain more juice they had to integrate the elements of the conserva-

tion situation. A logical explanation was offered in the presence of con-

flicting perceptual cues. This condition was motivating and resulted in

concentrated attention.

In Piagetian terms, the child was maintained in a condition of socializa-

tion -- a situation which required coordination of other viewpoinis. The mosT

important aspect of the training was the demands made on the child by the

training situation. The subject's existing cognitive structure could not

adequately cope with these demands and therefore these structures were in a

state of disequilibrium.

A1l the experimental Ss evidently acquired some mastery of reversibility

during the training sessions, in that they were able to determine correctly
which of two dissimilar glasses contained the more juice, when the only reliable

information was that provided by comparison of the two quantities in their

rvation tasks
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original, identical containers. In this respect, all the conse

that half of the experimental
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represented transfer problems; and so the fact

!

ik )

Ss gave conservation responses on the posttest is evidence of considerable

S Lty as,

transfer of the reversibility operation to new and different problems.

2,56 Summary
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Twenty-four nonconserving subjects received experimental training designed
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to induce conservation of substance. Twenty-six matched control subjects
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were not trained. Training was in the conservation of inequalities of liquid

in a situation where the subject’s expectation of an event was reversed. The

child had to integrate the elements of the conservation situation to obtain a
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desired reward. Twelve of the experimental subjects showed evidence of
acquiring conservation. Five of these subjects gave at least four of five
correct conservation predictions. Conservation transferred to substances
(clay, sand) not used in experimental training. On extinction items the
five experimental subjects with four correct predictions performed similarly
to subjects possessing conservation before the experiment. The theoretical

implications of the results were briefly discussed.

2.6 Teaching Formal Operations

Siegfried Engelmann
2.61 Prefatory note (by Carl Bereiter)

Of the few educational implications that have been drawn from Piaget's
work, the most obvious and most widely endorsed is that the instruction of
pre-adole;cent children must be founded upon concrete operations (Ausubel, 1963;
Flavell, 1963; Bruner, 1961). The full weight of Piaget's developmental theory
seems to lie behind this implication. For in Piaget's theory the logic of
childhood is not general but has concrete reality (past, present, and imminent)
as its domain of application. The child's thiﬁking is entirely geared to
dealing with the actual, not out of choice or aversion to the abstract, but
because his cognitive structures are only capable of dealing with empirical
givens and cannot generate hypothetical instances. It is only as the child's
structure of concrete operations becomes over-elaborate and unyield that he
begins to develop second-order operations that allow him to manipulate rules
rather than facts, in ways that will lead to conclusions that are valid for
the full range of possibilities to which the rules apply (Piaget, 1960).

Although the theoretical point that Piaget makes about the rundamental

difference between the concrete mode of logical operation and -the formal or
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abstract is clear enough, the behavioral referents of this distinction are noc
nearly so clear, and for this reason the implications for educational practice
are vague. Let us first rule out a few possibilities.

1. To c¢laim that the thinking of preadoiescent children binds them to
concrete reality cannot mean that they are incapable of dealing with imaginary
or hypoOthetical instances--or if it does the claim is patently false. From

Mother Goose days on, the child is expected to apply to imaginary instances the

same reasoning operations he applies to actual ones. Piaget himself, in studying
the development of moral judgment in children, used imaginary instances as a
vehicle for exploring the thinking of children as young as seven (Piaget, 1932).
Convincing normative evidence 1is supplied by the Stanford-Binet Intelligence
Test, on which half of eight-year-olds are found capable of dealing with pro-
blems such as detecting the absurdity in the story of an old man who used to
walk around a park every day, but now, because he tires more easily, walks only
half the way around and then back. Such a problem seems to require a highly
sophisticated ability to deal with the hypothetical.

2. The young child's correct use of semantic rules implies that he is
capable of applying 'rules about rules" rather than merely rules about facts.
The following interchange took place between parents and a daughter, age five.

MOTHER: It's warm out today.

FATHER: Not only that, but it's not cold.

DAUGHTER: Silly, warm and not cold are the same thing.

The child's generalization obviously applies not simply to the weather but
to the entire domain of the terms warm and not cold. She is stating flatly
that two propositions are equivalent. Although not every child would express
the rule, most would behave according to it. No five-year-old, of course,

would be expected to deliver the fully abstract ruie that the negation of the
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negation of a proposition is equivalent to the coriginal proposition, and yet
it would appear that the child in the example was operating according to such
a fully general rule--that she would treat all other polar attributes that
she understood in the same way as she treated warm and cold.

3. Concrete operations do not require concrete objects. Ask a child
how many times he fell down while skating. The question causes a child no
bewllderment in spite of the fact that there are no objects to count. Unless
the chilid has been poorly taught, he conceives of arithmetic facts and rules
as being true in general and he is comfortable in operating upon aumbers rather
than real objects. 1In one experimental kindergarten for disadvantaged children,

the concept of pounds of force was introduced as an equivalent of "how hard

you could push.” The children were immediately capable of applying arithmetic

to the solution of numerical problems involving the resolution of opposing
forces. Here there was nothing at all to be counted. The children were, in
fact, treating the real numbers as a lattice model which could be fitted formally
to the problem in hand--the very hallmark, according to Piaget, of formal

logical operation.

The above observations all indicate some kind of ability to operate with
the hypothetical and the general at ages well below adolescence--at ages, in
fact, below those at which concrete operations are supposed to be developed.
What, then, is peculiar to the later years? There is, first of all, the
elaboration of formal logical thinking into a complete system that characterizes
the mature person's thinking generally rather than only particular aspects of
it. This characterization is seldom fully general, however, as Piaget has
noted (Piaget, 1960). In all but the most sophisticated theoretical journals
it is deemed necessary to buttress every formal argument with an empirical

example in order to eusure comprehension and conviction. A more marked
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difference claimed by Piaget is that in later years the child becomes able
to generate the logical possibilities that are inherent in problems. Thus
the child is no longer bound to dealing with possibilities that are directly
presented to him or generated out of concrete operations, but is able %o
make systematic use of the hypothetico-deductive method. These appear to

be the major claims made by Piaget as to the distinctiveness of the level
of formal logical operations--its integrated structure, for which Piaget

has written a logic, and its hypothesis-generating capabilities.

But neither of these claims carries the least implication that there is
anything wrong with teaching abstract material to younger children. indeed,
it would seem to be a very good idea for developmental reasons, not %o mention
practical educational ones. If the child is eventually to integrate formal
logical operations into a complete system, it would seem to be a good. idea
to provide him with some prior, if limited, experience in abstract thinking,
and some abstract principles to integfate. And the fact that the younger
child may not be able to generate logical possibilities, instead of suggesting
that education for such a child must stick to the concrete, might be taken
to indicate that teachers should supply the logical possibilities for children
to work with or give them explicit direction in generating them.

An insistence on %teaching through concrete operations can be severely
limiting in the teaching of mathematics and science. It forces the teacher
to accept a baggage of gimmickeryso heavy that it is hard to travel very far
i a school year. Compare the bizarre devices and the length of time devoted
to giving children the "feel" of negative numbers, to the simple formal
statement that a negative number is a number less than zero. Insistence on
concrete operations makes the teaching of social science, as science, virtually

impossible. But where concreteness becomes absurd i1s in the teaching of
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thinking or problem-solving strategies. For any practice that deserves the
name strategy, rather than recipe, must apply to problems that are structurally
the same but different in concrete particulars--hence, it must be a formal
operation. It may (conceivably) be learned through work on a succession of
concrete problems, but the concrete problems would have to be chosen because

of their formal properties. Thus the teaching of strategies, no matter how
concretely it may be presented, must be directed toward the teaching of formal
operations--operations that transcend any particular set of real or imagined
physical operations.

The following experiment, conceived and carried out by Siegfried Engelmann,
explored the possibilities of teaching a formal method of handling a class of
probleris that differed radically in their concrete aspects--which could not
be solved by any uniform concrete operation--and teaching it to children who
by age and performance were below the level even of concrete operations.
Concessions to the immaturity of the learners are evident first in the fact
that the logical possibilities are taught to the children if they are unable
to generate them and secondly in the fact that the possibilities are limited
in number--two, in each problem. Neitiner of these concessions, however,

detracts from the ahstractness of the operation being taught.

2.62 Nature of the study
The purpose of this paper is to report on an experiment in which culturally

privileged and culturally deprived preschool children were taught the rules

for handling a class of logically similar formal operations. The hypothesis

investigated was that although these children were nct yet at the concrete

operational stage (as evidenced by their inability to exhibit conservation of

liquid quantity) they could learn to solve problems that require the use of

hypothetical-deductive reasoning.
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The type of formal operations presented in the present experiment
iS pased on a relatively precise definition offered by Inhelder & Piaget
(1958, p. 279). They suggest that one can int'er whether the subject is
using formal operations from the proof's employed by the subject.

If they do not go beyond observation of empirical
correspondence, they can be fully explained in terms of
concrete operations, and nothing would warrant our
assuming that more complex thought mechanisms are
operating. If, on the other har.d, the subject
interprets a given correspondence as the result of

any one of several possible combinations, and this
leads him to verify his hypotheses by observing their
consequences, we know that propositional operations are

involved.

Problems that require the latter type of solution can be created. The
simplest design would be a problem in which there is no real "empirical
correspondence” but only possible correspondence; in other words a problem
posed in hypothetical terms. The problem would be designed sO that all but
one of the possible solutions of the problem are eliminated through the use
of propositional reasoning.

jagetian tasks were not selected for the present experiment because
they do not represent the least complicated expression of the theoretical

principles involved and because they are usually based on exceptional,

empirically limited principles. For purposes of instruction, it was necessary

to use a broad set of problems all based on the same fundamental principle
so that all could be taught in a similar manner. These considerations
necessitated the development of a set of problems which can be referred to

as the "center problems.” Whether or not these are actually formal problems

can certainly be argued, according to the definition of formal operations one

accepts. According to one interpretation, they are formal because they require




106

the formation and manipulation of propositions-about-propositions. According
to another, they are not because they do not occur as part of a structured
whole.

The center problems were so named because in each there is a logical
or mechanical relation between two and only two members. The problems in
the set are analogous and require analogous solutions, which can be demon-
strated by noting the similarity in structure of the following problems, and
concomitant similarity in the information-organizing processes that are required
to solve them. Three problems are compared. Please note that the propositions
provided are not necessarily exhaustive or even sufficient for the solution
of each problem. They simply represent some of the propositions that are
necessary to solve the problem.

1. Piston problem in which a single piston is connected to a single
crank. The problem involves determining how the system became activated.
Propositions.
a. If the piston goes down, the crank turns.

b. You can make the piston gc down either by setting off the

spark plug or turning the crank.

c. If you set off the spark plug, a loud exhaust noise will

e T -
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be heard.

d. If a loud exhaust noise iz heard, you set off the spark
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plug.
i e. A loud exhaust noise is heard.
g f. Therefore, you set off the spark plug.

2. A freshly painted floor, on which tracks are made by a rolling

object which careens against the wall and is "reflected" making a V-shaped
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path. The problem involves determining whether a given path was made by
rolling an object from side A or side B. A person can get to side A only
by walking through the paint.

Propositions

a. If path A (the left member of the V path) becomes more
nearly parallel to the wall, path B becomes more nearly
parallel to the wall.
b. You can make path A more nearly parallel either by rolling the
ball from a new point on side A or by rolling the ball from
a new po.nt on side B. é
¢. If you roll the ball from a new point on side A you will get
paint on your feet.

d. If you get paint on your feet, you rolled the ball from a

new point on side A.
e. You have paint on your feet.

f. Therefore, you rolled the ball from a new point on side A.

3. The double-H model (an H with 2 parailel horizontal bars),
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which is of particular interest because it i: a simple abstract version
of a center problem. Certainly it is nct the only possible simplified
form, but it is a legitimate one because it generates the same set of ‘i;

propositions as the other center problems, and yet it is stripped of all
hut the properties of sameness, longer, shorter, etc.
Propositions
a. If A (the top horizontal bar) is shorter, B (the bottom horizontal
bar) is longer.

b. You can make A shorter either by shoricning A or by lengthening B.
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c. If you shorten A, A will not reach the vertical line. If you

lengthen B, B will stick out past the vertical line.

d. If A does not reach the vertical line, you have shertened A.

e. A does not reach the vertical line.

f. Therefore, you have shortened A.

This problem appears to be one that can ve solved on a simple, "visual"
level; however, it cannot be. That such a sinuous chain of reasoning is
actuaily necessary can be demonstrated quite easily.

There is no way one can determine how two apparently identical double-H

models differ unless one understands the function of the vertical lines.

These must be understood not as mere visual elements but as rule-type state-

ments. Did they move or did they remain stationary? Measuring the difference

or trying to judge the difference visually begs the question by helping one
form the necessary proposition. Also, it must be kept in mind that any argument
used to simplify the Ssolution of the double~H problem will also perforce apply
to the solutiun of all other center problems, since the various center problems

are analogous.

2.63 Method

Subjects

Subjects were 10 preschool children (ages 3 1/2 to 5 3/4) half of whom
were relatively culturally deprived Negroes, theother half of whom were
relatively privileged Caucasians. Subjects were selected on the basis of
teacher judgments that they were the "best talkers" in their respective
nursery schools in Champaign--one a summer nursery school for Negro children,
and the other a relatively high prestige year-round nursery school. The
two groups of children were designated "culturally deprived" and "culturally

privileged."
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Training Procedures

No pretest was administered +o determine whether the children would

be able to solve the criterion problem. It was felt that the presentation

of the problem (since it is analogous to those the children were to study)

would merely serve 1O direct the children's efforts and contaminate the

results.
Daily training periods were held with each group during July and
August, 1964, These lasted about 20 minutes, 5 times a week, for >-7 weeks.

No firm termination procedurz was adopted; rather, the criterion problem

was presented when the author thought that the children were ready to solve

it. The training sessions were aimed at teaching the information--the rules--

necessary for the solution of specific center problems. The children were
taught, step by step, for instance, how to solve the problem in which a bor

(half of which was covered with fresh paint) was either pushed or pulled through

a hole in a wall. They were taught the two ways in which a given change can

be achieved in the system (either by pushing on one side or pulling on the

other). In another series of exercises, they were taught how to use such
rules as, "If you touch the jam (or wet paint), you'll get jam (or wet paint)

on your hands." They were then taught what to do with this rule when they

wanted to "go backwards" and determine what had happeued. "Turn the rule

around; if you've got jam on your hands. it means you've been in the jam."

They were also taught the basic principle of change that was to be used

in the criterion problem (a balance-board problem). '"You can tilt a

balance board either by pushing up on this side (A) or down on this side (B)."

What they were not taught was how to combine the rule about the paint with

the principle of the kalance board in a chain of deductions thet would lead to

the proper conclusion. The purpose of the experiment was to defermine whether
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or not transfer of the basic reasoning pattern for handling center problems
would occur. The Ss were provided with all of the specific information
needed to achieve the transfer. However, in transferring a reasoning pattern.
it is necessary to modify it. ‘This modification was not taught.

Instruction began with the root concepts, same-different, long-short,

etc., and proceeded through basic propositions involving the concepts and
and or, to the more complicated deductive chains.

Criterion Problem. The children were tested on a problem involving

a tilted balance board. Tc ensure the use of "propositional reasoning"

the problem was presented in twe steps. To pass the children had to indicate
an awareness of both the possible ways in which a given change may be achieved
in the system. (They had been taught this principle.) Then they had to
eliminate one of the possibilities by reference to a familiar limiting con-
dition (the point). The application of this condition to the balance board
had not been taught.

A diagram of a tilted balance board was presentedlfo the children
individualiy. They were asked, "What could somebody have done to make the
board look this way?" The answer: "Push down on the left side or push up on
the right side." A heavy line of red chalk was then drawn across the top
of the balance board. Its function was explained. '"This is fresh red paint.
Now thirk big and see if you can figure out what happened if I tell you that

the guy who moved this board got red paint on his hands.”

2.64 Results

Criterion Problemn.

The performance of the subjects in working the criterion problem is
summarized in Table 2.64.1. Four of the five members in the culturally

privileged group suzcessfully solved the problem. Three out of five in the
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~-year-old children in

culturally deprived greup solved it. All of the five
the experiment solved the problem. The only non—five—year-old child who

wlturally privileged g
i

2
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m was a four-year-old in the C
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assed the criterion proble

| :
% ’ group (who also passed the test of conservation of liquid quantity.
l ff Table o 64.1. - Performance on criterion problem and conservation test
- _ _
4 ~é Culturally Privileged Culturally Deprived

2 Criterion Conserva- Ccriterion Conserva-j-
% Name Sex Age Problem tion Test WName Sex Age Problem tion Test ,:
N Au F 5 Pass Fail Ra F 5 Pass Fail
g ;; Ly F 5 Pass Fail Er M 5 Pass Fail
’ E1 F 5 Pass Fail Ju M 5 Pass Fail
gi: i Da M L Pass Pass Sh F i Fail Fail

" Er M 3 Fail Fail De F b Fail Fail

The results of the criterion test do not fully show the differences

the deprived group who did not

The two children in

{

between the groups-
Four

qll seven weeks of training.

pass the criterion problem received a f
members of the privileged group (Au, Da, Ly, and Er) received five weeks of
oblems, how to work relative
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training and learned, in addition to the center pr

(A is west of B but east of ¢), wirror problens, and

Stk

direction problems
SOphisticated three-step non-center deductions: During the same period of
e culturally deprived group were just peginning

time the two children in th
to learn such fundamental notions as nsf this end of the board is dovn, it
is not up." They were only starting to iearn the bagic language assumptions.

1t took over a week to teach them to say the word OI.
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Test of Conservation

After the criterion problem and been administered, the children were
given a test of conservaticn of liquid quantity according to the same test
procedure as described in section 2.53. ‘The conservation test was given to
provide an independent Piagetian indication of the cognitive maturity of the
children. If they passed the criterion problem (indicating the ability to
handle formal-type reasoning) and at the same time failed the test of conser-
vation (placing them below tie level of corcrete operational thought), the
Piagetian interpretation of growth would be caught in something of a dramatic
paradox. One of the most important issues raised by such a paradox would be
concerned with the role of specific information in determining a child's
prerformance on such tasks as conserving liquid as well as handling logical
operation. Perhaps the only reason most five-year-old children do not con-
serve is because they do not understand the properties of water, namely the
property of being non-elastic even though it 1looks elastic when it seems to
blossom from the end of a sprinkler or when it assumes the shape of the
container into which it is poured. There are logically as many different
types of inability to conserve as there are constituent concepts and skills
in the conservation task, which means the entire process can be conceived
in terms of specific information. As indicated in Table 2.6k4.1, only one

child passed the conservation test.

2.65 Discussion

Since only one of the seven children who passed the formal problem
exhibited the ability to conserve ligquid quantity, it is evident that children
who have not yet achieved the level of concrete logical operations can be taught

to handle problems of a formal logical character. Although the present experiment
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did not deal with a large number of subjects, large numbers are not necessary
tec discredit universal statements. The statement, "Steps 1 and 2 are necessary
to get to level 3" can be thoroughly discredited if one example can be cited

in which level 3 was achieved without takinz the steps 1 and 2. In che present
experiment, most of the subjects achieved what amounts to level 3 without
taking the other steps. It follows, therefore, that +the occurrence of these
steps under normal conditions tells little about what can be achieved under

conditions of puvrposeful teaching.

2.66 Summary

Five culturally deprived and five culturally advantaged preschool children
were systematically taught the skills, concepts and the basic argument form
necessary to handle an analogy class of what has been rather loosely defined
here as "formal operational problems." After the 5-7 week training period,
the children were tested on a criterion problem to determine whether or not the
training would transfer (thus indicating ability to handle the operation).
Children also received a test of conservation ¢f liquid to provide a comparative
measure of cognitive maturityc. The basic hypothesis was that through the train-
ing program, children who were at the preoperational stage as measured by the
test of conservation of liquid quantity would be able tc perform at the formal
operational level (or a more abstract level of cognitive performance) on the
criterion problem. Thus, the order of cognitive development suggested by
Piaget would be seriously violated.

The hypothesis was confirmed, whether one assumes a strict interpre-
tation of formal operations and therefore maintains that the criterion pro-
blem was not formal, or whether one accepts the propositions-about-propositions

interpretation of formal operations. According to either interpretation, the
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experiment shows that children can, with instructions, operate at a cognitive
level well above that at which they function normally. A1l of the five-year-
old subjects (three culturally deprived and three culturally privileged)
successfully solved the criterion problem. None of these children passed tihe
test of conservation of liquid quantity. Furthermore, the result was achieved
through direct instruction, thus prompting the question: 1Is it possible to
"teach" any formal operation directly through the presentation of specific
information?

While the present experiment does not answer this question, it shows
that when one is dealing with a fairly definite set of formal operations
which are similar cr analogous in certain gross features, one can teach very
young children how to use them. There is no very obvious reason why this
procedure would not produce similar resu 1ts with any set of logical operations.

There is no reason to abandon the hypothesic that a child learns what he has

been taught.

2.7 Resume of Exploratory Studies

The studies reported in sections 2.1 through 2.6 were intended to explore

various approaches to early education in several different areas of learning,

with the object of identifying directions for inncvative development. In
g this section each study will be summarized and certain implications will be
§}§§ drawn from the aggregate of findings.
? é 1. Teaching Reading to Two- and Three-Year-01d Children.  Five two-year-
52 old children and five three-year-old children of average to above average
32 language aptitude participated in five months of reading activities. The
;g two-year-olds engaged mainly in free play with a variety of teaching machines

\

and other manipulative devices; the three-year-olds engaged in teacher-directed

S \
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group games designed to teach letter recognition, word recognition, and
eventually some phonics. In both groups little visible learning occurred
until an activity was introduced that amounted to conventional flash-card
drill. Half of the subjects attained some stable sight vocabulary in

this way, ranging from 10 to 50 words, and one child acquired some ability

to decode novel words. Sceres on the Illinois Test of Psycholoinguistic

R .
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Abilities indicated no relative gains in language-related abilities; but

Iy
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there was a significant interaction between treatment condition and

changes in verbal versus ncn-verbal scores, children in the group games
condition showing more favorable results on verbal tests while children
in the teaching machine condition showed more favorable results on non-

verbal tests.

5. The Effect of Free-Time Use of a START Teaching Machine on

3
#
3
.
1

Reading Ability in the Kindergarten. The main comparison in this study

d

was between seven kindergarten classes in which a teaching machine was

placed for free-time use and seven matching control classes which had
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" o8 e
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no machines. The machine was of a type used in the previous study,

n

3

L

which presented stories both auditorily and visually and which required
the child to make occasional choices between printed words in order to
keep the story going. On a recognition test consisting of words used
in these choice-frames, every experimental class did better than its
matched control class. The difference, using classes as the sampling
unit, was significant at the .05 level.

3. Children‘s Preferences for High Versus Low Frequency Words.

This was an ancillary study conducted to investigate the possibility

that the customary procedure of basing beginning reading materials on




116

words of high frequency may result in the use of words that have lower
interest value than less frequently occurring words. The study used a
paired-comparison technique, with 20 pairs of nouns and 20 pairs of
adjectives. Twenty kindergarten children were given randomly balanced
pairings of the full set of words, with order balanced within pairs.

Words were presented on separate cards and for each pair the subject

was asked to choose the word card he wanted to keep. For both nouns

and adjectives, children showed a significant preference for kigh rather
than low-frequency words. The results thus tend to vindicate the practice
of using high-frequency words, at least for beginning readers.

L. PFour Approaches to Construction Activities in the Nursery Schoocl

and Their Relation to Creative Problem Solving. Groups of nuvrsery school

children were given six half-hour sessions of construction activities,
using a large assortment of construction materials. Following this
were threes test sessions in which the children were assigned three con-~
struction tasks to be carried out independently without help or sugges-
tions. The tasks were to construct a boat, a rattle, and a bird house.
Photographs of the products were given blind ratings on the degree to
which the product represented fulfillment of the task assigned (not

on originality or esthetic value). A total of children were involved
in four replications of four treatments: Independent Problem-Solving,
in which daily tasks were assigned as in the test condition; Independent
Construction, in which no tasks were assigned but the children were
merely encouraged to make something different each day; Guided Problem-
Solving, in which teacher and children worked out the solution of con-

struction problems cooperatively; and Guided Construction, in which the
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teacher directed the children through a predetermined series of steps

in the construction of prescribed objects. The analysis of ratings
provided for the separation of the two treatimcut factors, guidance Versus
independence and problem-solving versus construction. Only the first
factor showed any significant effect, and this was in favor of guildance

over independence. There was no interaction between treatment factors;

thus Guided Problem-Solving, which was expected to have greater transfer
value to the test situation, produced no better results than Guided
Construction, which 1s popularly believed to discourage creativity.

5. Acceleration of Conservation of Substance. Twenty-four non-

conserving subjects received training in the conservation of inequalities
of liquid in a situation where the child had to apply the principle of
reversibility in order to be successful in choosing the larger amount

of fruit juice to drink. Twenty-six control subjects received a placebo
treatment that involved the same amount of experience with the measuring
out and drinking of fruilt juice. Twelve of the experimental subjects

and one of the control subjects showed evidence of acquiring conserva-
tion. Five of the experimental subjects but none of the control subjects
gave at least four of five correct conservation predictions. Conserva-
tion transferred to substances (clay and sand) not used in training.

On an extinction item the five experimental subjects with four correct
predictions performed similarly to subjects who already possessed con-
servation before the experiment.

6. Teach?nglFormalOperations to Culturally Advantaged and Dis-

a@vantaged Preschool Children. Five culturally deprived and five

privileged preschool children were taught to handle an analogy class of




1138

"rormal operations." All problems were variations on the logical form,
"If X, then A or B'; if X', then A' or B (vhere X and X' are the inverse
of each other, as are A and A', B and B')." After training subjects
were tested on a problem of the same form which they had not previously
encountered and also were tested on ability to conserve liquid aquantity
(which provided another measure of development). Seven passed the
criterion problem. Of these, only one exhibited conservation of quantity.
The experiment thus casts doubt on the generalizability of Piaget's
conclusions about developmental progression from preoperational to con-
crete operational and thence to formal operational modes of thought.

Let us first consider what the above studies indicate about what
can be taught to preschool children. The results do not so much suggest
a radical revision upward or downward of estimates of children's learn-
ing capabilities as they do a shift in focus from the general to the
specific. The studies on reading, for instance, do not tell us much
about the general readiness of children from ages two through five for
reading instruction. They do suggest, however, that if one considers
only sight vocabulary, then a considerable amount of learning could
probably.be achieved even with the younger children by concentrating all
of the teaching on this objective. The amount of sight vocabulary acquired
by the three-year-olds and the xindergarten children was not impressivej
but in the first case it was only late in the study that purposeful
teaching of sight words was undertaken, and in the second case the amount
of educational intervention was so minimal that little more could have
been expected. Learning to recognize a certain number of words is
quite a &ifferent matter from learning to read, however; children who

accomplish only the former are known as "functional illiterates.” It
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is reasonable to suppose that mastery of sight vocabulary will be of
some value toc a child in his later encounters with the real problem of
decoding print, but this is only a conjecture.

The two studies that dealt with teaching legical operations both
achieved considerable success, but it would be fatuous to claim that in
the one case kindergarten children were moved up to the level of concrete
operations and that in the other, preschooi children vaulted to the
formal level. It appears, rather, that what was learned was something
specific and limited, even though in each case enough transfer was
demonstrated to show that genuine conceptual learning took place rather
than mere memorization of responses. Simple response learning is ruled
out in the conservation study by the fact that the training involved
judgments of difference whereas the conservation tests required judgments
of sameness. Simple response learning is ruled ocut in the formal opera-
tions study by the fact that ﬁhe test task involved a different combina-
tion of descriptive statement; from those involved in the training tasks--
only the formal structure of the statements was the same.

Wnat, then was learned? Without going too far beyond the.data, the
most that can be inferred is something like the following: In the con-
servation experiment, the children learned that in making judgments of
quantity appearances can be deceiving and 50 you should keep in mind
what you already know about the amcunts in question.’ In the formal
operation experiment, the children learnecd a basic pattern for dealing
with systems of statements having a certain logical structure. The

kind of learning involved is much like that in learning a particular

grammatical structure, like the passive voice construction, except
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that it involves a »aietionship among statements whereas the passive
voice construction involves a relationship among sentence elements. If
these inferences are correct, the learnings that took vplace in each
experiment, while not trivial, were certainly quite limited in scope.

In the context of a full curriculum for eariy education, these learnings
would be but two minor items, ones which might not even be judiged to be
of. sufficient importance, when compsred with other possible items, to
justifythe time and effort required vo teach them.

A Piagetian educator might well agree with this deflating judgment,
saying that indeed nothing was taught but a couple of specific tricks,
whereas what really counts is fostering overall progress up the ladder
of cognitive develozment. But this would be begging the question, for
it merely sets one level of abstraction against another. Real-life
teaching does not occur in the abstract, but consists of actual behaviors
and its effects can only be observed in actual behaviors. If what the
children learn to do is of slight value, it is hypocritical to glamorize
it with labels such as "cognitive growth" or "transition to the stage
of concrete cperations." A more profitable course would be to take the
specific learnings for what they are worth and try to build a curriculum
out of the ones that have some demonstrable importance, irrespective of
their place in a classification of cognitive levels.

Thus, the pedagogical lesson to be drawn from the two studies of
logical operations is, not that concrete or formal operational thought
can be produced in preschool children, but that young children can be
taught tasks that are classified at these levels. The two tasks used
are merely representative of a multitude of such tasks, some of which
might be harder to teach , some easier. Whatever its descriptive merits

might be, a general classificatory scheme such as Piaget's cannot tell




121

the educator whether or not children will be able to master any specific
task. What is more, it provides no realistic guidance for Judging the
educational significance of any pariicular learning task. Hence it is
difficult to see what value it can have for the planning of early educa-
tion curricuia.

The experiment on "creative" construction activities did not provide
any empirical basis for judgingthe prospects for the promotion of learn-
ing in this ares. Informal observation during the brief course of train-
ing sessions suggests that children can, at least, learn a number of use-
ful procedures that would make creativity in construction a possibility
and that they may be able to learn habits of self-questioning that will
lead them to more complex and goal-directed activity. Although this is
purely a matter of subjective judgment, the close observation of some 80
preschool children at work over periods of nine days each under a variety
of conditions of freedom, restraint, and guidance, strongly reinforced
the belief that the widely-acclaimed creativity of young children exists
largely in the eye of the beholder; that left to themselves children
tend to behave in a stereotyped and repetitive manner; that they seldom
work toward any practical, conceptual, or esthetic goals in their pro-
ductions, and when they do they are easily led astray by imitation,
accident, or force of habit. Thus it would appear that the realistic
task for early education is not to "preserve the spark” of creativity,
but to provide the child with enongh tinder in the form of skills and
habits of thought that a spark will ignite if one should ever happen
to occur.

To summarize, if we ask the question, "How much can the intellectual

development of young children be accelerated?" the answer suggested by
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these studies is that there is no answer. If instead the question asked

is "Can children be taught such-and-such specific thing?" the answer

is very likely to be yes. What this tells us about children's poten-
tialities is precisely nothing. It merely tells us something about the
potentielities for figuring out instructional technigques to achieve definite
goals. But what about raising the IQ or scmething global like that?

This we did not try to do, and so we car only speculate. But if by

raising the IQ one means teaching children to execute the tasks that are

presented on the Stanford-Binet, for instance, ocne miéht generalize
from the present results to predict that ways could be found to teach
these tasks much as ways were found to teach word recognition, censerva-
tion of iiquid guantity, and the solving of center prcblems, and that
thereby the IQ could be substantially raised. Would this mean that
dullards were being turned into gifted children? Not at all, no more
than the four-year-olds who were taught to solve center problems were
“ 3 turned into the intellectual equivalents of twelve-year~olds. But to
the extent that what the children were taught was useful one would
have erabled them to behave more intelligently and to the extent that
it was useless one wouid have wasted their time. From an educational
standpoint, I do not see anything else that "raising intelligence" or
"accelerating intellectual development” could mean.

Turning now to the matter of promising approaches to early educa-
tion, three approaches were found to have some effectiveness: direct
instruction, as in the teaching of sight vocabulary, construction
skills, and formal operations; modeling, as in the teaching of conserva-
tion and in the guided problem-solving approach to construction activities;

and the free use of teaching machines, as in the kindergarten reading
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experiment. Each of these apprcaches would seem to be capable cf con-
siderable develonment, and there is no evident reason why they should
be incompatible with one another. Only direct instruction, however, has
the scope and flexibility that make it clearly applicable to a large
range of teaching tasks. Modeling and teaching by machine both rejuire
considerable ingenuity in designing appropriate ploys for each new task
and there may be no way of adapting them to certain kinds of tasks.
For conveying informatvion or teaching clear-cut rules, modeling seems
irreievant. Teaching machines, on the other hand, have their most
serious limitation in their inability to handle complex verbal responses
on the part of the learner. Although computer technology is making
progress in this direction, it is still a long way from even a crude
approximation to the language-processing abilities of the human teacher,
and crude approximations are not likely to be of much pedagogical value.
"Direct instruction,” as the term is used here, includés the large
range of normal teaching activities that involve demonstrating, telling,
and asking. Thus we are talking about a time-honored approach that no
doubt comprises the vast majority of teaching acts throughout the school
years. It is, however, a novellty in preschool education. In our first
study, the one on teaching reading to two- and three-year-old children,
we drifted into direct instruction inadvertently, having assumed that

it could not work with children so young. We were surprised at their

willingness to accept it and their ability to profit from it. The
major obstacle to its use, we conclude, has nothing to do with its
effectiveness but rather with the fact that it requires some clear notion

of what it is, specifically, that one is trying to teach. Early education
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has had little truck with specifics, except in the teaching of personal
care and housekeeping practices. But if our earlier conclusion is
accepted, that expectations for early education should be recast in

the form of specific learning ot jectives, then it becomes reasonable to

contemplate giving direct instruction a larger place in the preschool

program. The next portion of this report is devoted to two experiments

in the full-scale use of direct instruction at +the preschool level.
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3,0 Studies ii Direct Verbal Instruction

The studies reported in section 2 representv something of a hodge-~
podge. We were interested in exploring different areas of children's
learning to see what could be accomplished in each, and in trying
-different approaches %c see what promise they held. In reporting these
studies, after all of them had been completed, it was impossible to
avoid bending the interpretation of them toward the conclusions that
eventually emerged. Let me therefore confess that at the outset I,
personally, was quite open-minded, which is to say naive, and nad no
inkling of where the studies would lead, As far as I was concerned,
learning to read, acquiring the ability to cope with construction problems,
and mastering logical operations were quite different matters, having
nothing in common except that they were all compcnents of intellectual
growth, My views on teaching methods were all ad hoc. It did not
occur to me that one might learn something from the teaching of logical
operations that would be applicable to the teaching of reading, or vice-
versa,

The expected follow-through on these exploratory studies was to
have bheen more extensive and rigorous investigation of a few promising
leads. The main conclusions that emerged from these studies militated
against this)’strategy9 however, We could, to be sure, have pushed )
ahead with more concerted work on the teaching of reading or construc-
tive problem-solving or conservation. In no case did the results indicate
a blind alley. Instead it began to appear ﬁhat whatever we chose to
teach could be taught to some effect, and that therefore the main
problem was to determine what was most worthwhile to teach and to de-
sign a coherent program that would get the most educational mileage

out of a given amount of instructional time. Thus, from the conducting
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of single-purpose experiments we were led to the designing of a multi-
““““““““““ cnal mrogram. Arrived at by this route, however, the
program was quite different from other programs that originated from
global aims. It was conceived of as an aggregate of hundreds of specific
learning tasks, each of which had to be justified on grounds of instru-~
mentality or intrinsic worth, rather than as derivatives of some general
approach to the fostering of intellectual growth. Direct verbal instruc-
tion was chosen as the principal pedagogical method, not because of any
presumed value as a form of experience for young children, but because,

once the learning tasks had been sufficiently specified, there did not

seem to be any reason to pursue them by more round-about means.

3.1 An academically-oriented preschool for disadvantaged ¢hildren:

3.11 Introduction
This report covers two years of work with & group of disadvantaged

preschool children in which we tried to see how much the children could
learn in the areas of language, arithmetic, and reading through straight-
forward teaching of carefully presented content. Our working assumption
was that disadvantaged children differed from others only in what they
had and had not learned previously, SO that an effective compensatory
education program could be designed simply by starting at a lower level
of presumed initial knowledge and moving more rapidly and efficiently,
thus enabling the children to catch up to others whose intial levels
of knowledge were higher. The teaching program used in this study is
evaluated on two bases: 1) its measurable effects on achievement and
language test performsnce, and 2) its potentialities for further

development to eliminate gaps and weaknesses revealed by the initial
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experimental group. Although we consider the immediate effects of the
program to have been highly satisfactory, we consider that the second
kind of evaluation is of the utmost importance in judging the long-
range promise of various approaches to early education.

At the time of fthis writing, a second group of disadvantaged
children has passed through the preschool progrem and is now ir its
second year, as is a group of middle-class children who began as four-
year=0lds in the same type of program. A mixed group of lower- and
middle~class children is midway through its first year of preschool
instruction. This report, however, deals only with the first group,
which was treated with a different emphasis from subsequent groups.,
With the first group, our major interest was in getting some idea of

what the limits of attainment might be for disadvantaged preséhool

children, and both the objective results and the post-mortem examina-
tion of potentialities for program improvement are approached with that

interest in mind.
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3.12 Method and procedures

AT

Subjects: Subjects in the initial experimental group were re-

S

cruited in the following way. In one elementary school in the Chsmpeign-
Urbana, Illinois, community, which served a predominantly Negro (over

90 per cent) lower-class population, all teachers made visits to homes

of their pupils during the early fall. Within two weeks after these

visits, teachers were asked to list students who (1) were having educa-
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% tional difficulties, (2) came from homes in which cultural deprivation
% ‘ appeared to be a major contributing factor, and (3) came from homes in
i * gy -

which there was a four-year-old child. The lists were to be ordered,

starting with the most serious cases., Members of the research staff i
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first determined whether the four-year-old child was in the age range
that would qualify him for entry into kindergarten the following year
(four years old by December 1). They then informed qualified parents
that a preschool was being established which would attempt to teach
their child those things that would help him to succeed better vhen

he started school. Of the first 18 cases so identified, there was only
one parent refusal. The children were then brought to the University
and administered the Auditory-Vocal Automatic and the Auditory-Vecal
bAssociation subtests of the Illinois Test of Psycholinguistic Abiiities
(ITPA). To be accepted, a child had to produce some intelligible verbal
response (not necegsarily correct) during the test. Two children, a
pair of severely retarded and hyperactivetwins, failed to meet this
criterion and were therefore rejected. The remaining 15 children
constituted the experimental group., There was no control group, the
manner of selection being such that the children selected constituted

a unique population subset,

Design: In the absence of a control group, the standard chosen
against which to evaluate results was that of test norms. Having chosen
a group which met rather stringent criteria of poor prognosis (without,
on the other hand, having selected subjects on the basis of low test

scores and thus inviting a strong regression effect), it appeared that
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bringing the children up to normal on appropriate tests would constitute
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a reasonable short-term criterion of success of the educational effort,

The measures employed were the ITPA, the Stanford-Binet (Form L-M),
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and the Wide-Range Achievement Test. The following testing schedule

was followed, timed by weeks from the beginning of instrﬁction:
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Minus ore week Auditory-Vocal Automatic (ITPA)
Auditory-Vocal Association (ITPA)

Fourth-Fifth week Full ITPA

Sixth-Seventh week Stanfcord~Binet

Sixteenth week Avditery-Vocal Automatic (ITPA)

Auditory-Vocal Association (ITPA)
Vocal Encoding {ITPA)

Twenty-ninth week Full ITPA
Stanfcrd-Binet
Fortieth week Wide-~Range Achievement Test

The major pretesting was purposely delayed until the children had
become well adjusted to school and had begun to make satisfactory progress
in it. This is an important point to consider in judging the magnitude:
of gains from pretest to posttest, siace the interval of schooling
Breceding the pretest in this study was as great as that between pre-
test and posttest in many studies of short-term intervention., Thease
short-term studies, such as those that have since been carried ocut on
Head Start programs;f?equently show gains cf six IQ points or more when
pretests are administered before schooling begins. This point is not
germane, however, to the more central issue of the absolute level of
attainment that could be reached by the children.

Treatment Procedures

A, General

Classes were conducted for two hours a day, five days a week.
Wifh occasional exceptions for field trips, the following schedule was
adhered to at all times, starting from the first day. The children

were divided into three groups of approximately five each., There were
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three teachéfs, one for language, one for arithmetic, and one for
reading., After an initial ten-minute period of free play, each group
would go off to a different room for a ‘twenty-minuse class in one of
the subjects. Then all would come together for toileting, snacks, and
singing, all of which occupied thirty minutes. Following this each
group would go off for another twenty-minute subject-matter class.

They would then come together for a twenty-minute period usually de-
voted to reading and discussion of stories and then would separate for
the final instructional session. The schedule was thus somewhat like

a high-school schedule of separate subject-matter classes, but with a
homeroom pericd interveniﬁg between each instructional session, All
teachers participated in the "homeroom"” activities. A fourth teacher
worked remedially with children whose performance was too low to permit
them to keep up with the instructional groups. Initially three children
were in this group. By the end of the third month the number was
reduced to cne. The three regular groups wers svratified according

to level of performance, the initial grouping being made on the basis
of ITPA scores, but with frequent shifts being made as performance
levels changed. The only other modification was that for the first

two weeks instructional sessions were limited to fifteen minutes in-
séead of twenty, the "homeroom” period being expanded accordingly;
twenty-minute instructional periods were instituted as soon as the
children appeared able to maintain attention and effort for that length

of time.
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The instructionsl-ssésions were represented to the ckhildren as work
rather than play, the child's responsibility being to speak woen callad
upon to do so, to "try hard" to give the correct respomses, and ©o
refrain from diversionary activities such as social play or running

round the room. Adherence to these behavio;al rules was rewarded by
verbal praise, fortified during the first month by cookies. Children
were reprimanded for deviations from the rules and, if this was not
effective, were excluded from the instructional group for short periods
of time. Every effort was made to keep the instructional sessions
lively and enjoyable and to shi®t the basis of motivation to the

children's G accomplishments and progress as imp¥ovement became

P

demonstrable.
The general instruckional strategy followed in all three subjects
was that of rule followed by application. A verbal formula was first

learned by rote ("This is ," "If you start out with

and get more, you end uvp with .") and then applied to a
graduated series of analogous exemples of increasing difficulty. Tasks
were initially presented in a highly structured form that provided a

maximum of syntactical and presentational prompts; then the task was

4 systematically "destructured" to remove these prompts and admit the
variations in presentation that would be encountered in normal situe‘.ons.

B, Academic Curricula

1. Language. The language program was based on the following
principles:
a., It attempts to focus cn minimm essentials of language

competence rather than allowing the content of the language program to




be determined adventitiously. The minimum essentials were identified,
not on the basis of frequency of use, but on the basis of the logical
requirements of a communication system that will permit acadsmic teach-
ing to go on. The objective is a kind of basic English that teacher and
child may use in the conduct of eiementary education--a basic English,
therefore, whickh does not embody all the concepis a child should master
but whick provides a medium tlirough which those concepts may be learned.

b. Recognizing that learning the rules of language and logic
is a matter of grasping and generalizing analogies, the program is
strﬁctured so as to dramatize those analogies. Rather than grouping
concepts on the basis of their thematic associations (concepts related
to the school, tc the zoo, etc.) they are grouped together on the basis
of the rules governing their manipulation. Thus pelar setbs of diverse
content (big-iittle, hot-cold, boy-girl) are taught as part of a single
sequence, so that the child may eventually come to grasp the major
prinéiple governing such sets--the principle that saying that something
is not one member of the set is equivalent to saying that it is the other
member of the set.

c. BEvery effort is made to maximize the number of monitored
responses that each child makes per class period. This, we fezi, is
the most critical tactical problem to be solyed in teaching language
to disadvantaged children-~how to cram more "trials" into the limited
time available for training.

To sketch briefly the broad outlines of the program, it presumes

ngthing more of the child at the outset than that he be, capable of making

some attempt at imitating what is said to him. It begins by teaching
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the basic identity statement, "This is a ."" and “This is not a

," applying it to familiar objects. Once this statement

is mastered (and mastery of the not-statement is a major challenge to
many seriously deprived children), the remainder of the beginning lan~
guage program is devoted to work with the statement form, "This

is "' "This is not ," and the

plural variations, introducing several different kinds of concepts that
are used in the predicates of these statements: polar sets, as mentioned
above; non-polar sets, such as the celors and prepositional phrases;

and sub-class nouns, as in "This animal is a tiger." The length of time
that it takes four=-year-old children to master this very limited system
varies considerably~-from six cr seven months for those who come in
with practically no spoken language to two or three months for those of
near-normal language competence. Once the basic system has beer
mastered, however, it has been found possible to move very rapidly with
almost all children through the expansion of the system to include
active verbs, the common tenses, and personal pronouns. The remainder
of the language program is devoted largely to if-then type statements

in which the major problems are logical ones c.ncerning the use of all,

on some, and or. The program, thus, culminates in the use of lan~
s 3 —_ ) 9

guage for deductive reasoning, all of the more elementary work with state-
ment forms and concept types having been designed to provide the ground-
work for this use of language.

In implementing the program, a few basic "moves" constitute most of

the teacher‘’s repertoire.
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1. Verbatim repetition:

This block is red. Say it ...
This block is red.

2. Yés-no questions:

Is this block red?
No, this block is not red.

3. Location tasks:

Show me a block that is red.
This block is red.

i, Statement production:

Tell me about this piece of chalk.

This piece of chalk is red.

Tell me about what this piece of chalk is not.

(ad 1ib) This piece of chalk is not green...not blue, ete,

5. Deduction problems:

(with piece of chalk hidden in hand) This piece of chalk

is not red. Do you know what color it is?

No. Maybe it blue...Maybe it yellow...

These moves represent a rough hierarchy of task difficulty. In

early stages of the program, large amounts of time have to be devoted to

the lowest level-~verbatim repetition--and deduction problems can seldom

be handled.

By the end of the program, most of the time is devoted to

deductive problems, although at each new step in the program it is

necessary to go through all of the moves, if only in very ccndensed

oLy
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2. -Arithmetic. Since the arithmetic of naturdl numkers is re-

ducible tc counting operations, it can be taught legitimately as a kind
of "science of counting," without reference to the multitude of real-
life phenomena that can be interpreted arithmetically. This was the
approach taken in the arithmetic program. It is Justified on the
grounds that the disadvantaged children we were working with lacked the
verbal and logical §ophistication necessary to abstract arithmetic
principles from the phenomenal “noisiness" of everyday activities in
the manner.requirea by "ectivity methods" of teaching arithmetic. The
introduecticin of this phenomenal noise was tfeated9 instead, as a part
of the gradual destructuring of tasks, described previously.

After the initial teaching of counting, arithmetic itself was
taught through the use of equations, the key idea being that any equa-
tion could be read as a statement of fact and aliso as an instruction
that told how the fact could be established through a counting opera-
tion. Thus, the equation, 3 x 4 = 12, could be read as the statement
of fact, "Three times four equals twelve," and as the operaticnal rule,
"If you count by three’s four times, you end up with twelve.” The
introduction of an unknown, as in 3 x b = 12, created a question,
"Three times how many equals twelve?" and the operation for finding the
answer created a question, "Count by threc's how meny times tc end up
with twelve?" Analégoﬁs statements and opzsrations were used for addi-
tion, subtraction, and division (expressed by fractions).

The kind of pattern drili that was used in the language program to
teach basic grammatical rules was ugsed in erithmetic, Just as , in

language, it is too much to expect the child %o understand an explicit
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rule such as "When the subject is plural, change this to these and add

s to the noun," it is toc much in arithmetic ‘o expect the child to
understand the explicit rule, "Adding zero to a number iecaves it
unchanged." Instead the child learns to operate in accordance with
the rule by drill on a sufficient number of analogous instances that
the rule generalizes to new instances "This boX..., These boxesSooee"
"This book..., These books..." etc. and similarly, "One plus zero
equals one," "Two plus zero equals two," "Eight plus zero equals
eight," etc. Pattern drills were used to teach the "plus zero" rule,
the "plus one" rule, and finally the operation for working up from a
given number-plus-zero to the given number-plus-a-given-addend:

"What's eight plus three? If eight plus zero equals eight, eight plus
one equals nine, eight plus two equals ten, and eight plus three equals
eleven." Ample use of concrete demonstrations was made, of course,

to show the validity of these rules.

3. Reading. The program that was offered in reading must be
understood in the light of our expectations at the time as to how far
we should be likely to get in teaching reading to young disadvantaged
children. Our previous work with more advantaged, though younger,
children and the poor record of achievement of disadvantaged children
in reading had not left us very optimistic on this account; at the
same time we recognized that the usual kinds of training in reading
skills had little relation to and would therefore probably have little
transfer to other kinds of learning. We are referring here to the

mechanics of reading, to the rules for decoding printed characters into

spoken words--not to the aspect of reading which involves comprehension
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and for which the language program secued to provide adeguete preparation.
We therefore decided to attack the mechani 's of reading in a way that
might not be the most productive for the imwediate purpose but which
would give the children experience in working with an explicit rule
system similar to the systems they would encounter in other formal
disciplines.

By introducing certain artificial restrictions, we were able to
reduce the inconsistency and complexity cof English orthography and
highlight its logical aspects. We restricted the initial vocabulary
to three-letter consonant-vowel-consonant patterns, and avoided use of
some of the more troublesome consonants. For further simplification
we used only lower-case letters. Within this restricted set of words,
the following six sets of rules hold:

1. A word has a beginning and an end. (The beginning is the
initial consonant; the end consists of the vowel and the final conso-
nant.) If it has a beginning and an end, it is a word. The beginning
always comes before the end.

2, If the beginnings are the same and the ends are the same, the
words are the same and they look the same.

.3, If the words are the same, they sound the same. If the words
sound the same, they are the same.

t, If the words look the same and sound the same, they are the

same.

5. If the endings of the words are the same, the words rhyme.

If the words rhyme, the endings are the same.
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6. If the beginnings of the words are the same, the words alli-
terate, if the words alliterate, the beginnings of the words are the same

Parts of words were presented to the children on cards, the initial
consonant (the beginning) on a white card and the last two letters
(the ending) on a yellow card.

Learning to apply the rules required, of course, learning the
implied visual discriminations ("look the sawe") and auditory discrimi-
naticns ("sound the same"). Learning this ret of rules and learning
the conventional sound values of the alphabet was taken to constitute
the readiness phase of reading instruction, after which the program
proceeded with a rather conventional phonic approach, using spelling
patterns that followed the order of Bloomfield and Barnhardt's EEELE
Read (1961).

C. - Other Activities

The three academic courses described in the preceding section
took up half of the children's two-hour school day. The other half
was less structured and intended to amplify and reinforce what was
learned in the academic courses rather than to achieve additicnal
objectives. The first ten-minute period was almost completely free
and was generally used by the children for working puzzles, playing
with a miniature house, furnishings, and family, or in casual con-
versations with teachers. Snack time was brief and the onl& teach~
ing involved was concerned with identifying the color of the fruit
drink served, which varied from day to day. In the singing period,
which lasted fifteen to twenty minutes, however, songs were specially

written and scheduled to provide practice in language operations that
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were being dealt with at the time in the langusge course-~use of singulars
and plurals, classification ("If it's a truck, then it's a vehicle," sung
to the tune of "01d Gray Mare"), and reversal of elements in phrases.
Because of the importance attached to this practice, children were re-

4 quired rather than merely euncouraged to sing. Story-telling was also
geared to the language program and involved a great deal more question=-
and~-answer activity than is common in reading stories to children.

3 D. Atmogphere

Because the school was definitely teacher-directed and taske-
oriented, the above descriptions may evoke the image of the grim
"school marm" dominating a group of surly and joyless children, How=-
ever, this was seldom the case. The teachers thoroughly enjoyed teach-
ing, learning, and working with children, and the prevailing atmésbhere
' among both children and teachers was one of high spirits that tended to

bedazzle observers who were accustome! 50 the more somnolent atmosphere
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of most nursery schools (see Pines, 1967) .
3.13 Results

This section will be confined to analysis of objective test re-
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sults. The necessarily more anecdotal and impressionistic observations

of learning will be left to the discussion section. The group remained
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intact during the second year and received a program that was in most

respects a continuation of that described in the preceding scction,

S

with differences that will be noted where they ars germaene to the

results,
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ITPA and Stanford-Binet

The test data will be presented graphically in a manner develcped

from suggestions of Hively (undated).  Since the desigh of the study was
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not one that lends itself to the fruitful application of inferential
statistics (no control group, exhaustive sampling of a particular popu-
lation segment), this method was chosen to provide a maximum of descrip-
tive detail and at the same time to depict the salient features of the
score distributions. Age-level scores are used throughout, but these
are adjusted by adding or subtracting a constant value to compensate for
differences in chronological age. Thus, at +he time of the initial
pretest, the average age of the children was 4-6 (four years, six months) .
Suppose that at that time a particular child's chronological age was
4-8 and that on the Auditory-Vocal Automatic subtest of the ITPA he
cbtained an age-level score of 3-10. A constant of two months would

be subtracted from his score, 'so that on the graph he would be shown

as having an age-level sccre of 3-8, placing him 10 months below
average, as was in fact the case. The same constant would be sub-
tracted from all his other scores on other occasions and other tests.

In this way, every child’s deviation above or below his chronological
age on a given testing can be read as a deviation from the game line.,
Referring to Figure 3.13.1, child D is seen to have scored 15 months
below her chronological age on the first administration of the Auditory-
Vocal Automatic subtest, 11 months below her chronological age on the
second administration (which occurred about a month later, as shown

by the second heavy vertical line), o> months below on the third test-
ing, 29 months above on the fourth testing, and 17 months below age
level on the Ffifth testing. In this particular case, the age level
score on the Fifth testing was the same as on the third, but this of

course represents a loss in relation to chronological age, because the
2

NN TS NS M v auh s as PR AR AT

en o L -
3 TN Ak e BT 4T AR AN ST

-

¥ ¢ N el o .
1 2 e S Nt T N L T B e A




141

two testings occurred 15 months apart. The subjects are arranged in
descending order according to their scores on the fourth testing, which
securred at the end of the preschool year, the point of major interest
in this study, A descending line connects scores obtained on the fourth
testing for all subjects, making it possible to see at a glance how
many children scored above or below their age level at that time (in
this case, six above and nine below); the spread of scores (from almost
two and a half years abcve average to almost two and a half years below
average); and the central tendency of scores, represented by the balance
point of the line, which is a coupie of months below average. Similar
lines connect scores at the first, second, and fifth testings, but they
are less regular in configuration (because the fourth testing was used
as the basis of ordering). Scores obtained on the third testing are
not connected, since, with the amount of fluctuation in scoring that
occurred, this would make the graphs too difficult to read.

For the reader who is unfamiliar witk this method of presenting
data, it may take a little while to become accustomed to reading the
graphs; but the writer agrees with Hively ~hat for descriptive purposes
it represents a considerable advance over the usnal summary statistics
in that it enables the reader to consider the data according to different
criteria of success and failure without the need for reanalysis.

There is no reduction of the data., Individual scores can all be re-
covered. The constants used for each child to correct for his chrono-

logical age are as follows:
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Avditory-Vocal Automatic (Figure 3.13.1)

This is a test of the child's ability tc use grammatical inflec-
tions to indicate number, tense, and degree. It is perhaps the only
subtest of the ITPA that can be interpreted, on the basis of content
validity, as an achievement test; and although the language program
was not primarily devoted to this aspect of grammar, many of the exer-
cises did in fact deal directly with the production and comprehension
of grammatical inflections. Not one child was scoring up to age level
on this test before school began, the center of the distribution being
about 18 months below average. By the second testing, a month after
school began, nine of the children had come up to within a year of
average, but only one scored above his age level. By the end of the
preschool year, however (test 4), six of the children were scoring
above age level, while only three children were more than a year below
average.

During the second year, formal instruction in language usage was
discontinued, being replaced by a course focussing on science and
verbal reasoning., As the scores for the fifth testing show, only
a few children made appreciable progress in mastery of grammatical
inflections during the second year, half of the children registering
no gains or regression. In retrospect, the result is not surprising,
but it shows a clear inadequacy in the second year's program. To
advance much beyond the five-year level on this test, a child must
begin to master irregular plurals and tense forms. Since these are
typically not used in his home environment, there is little way that
he.can learn them except through schooling; and as these results in-

dicate, he will apparently not learn them unless they are deliberatsely

taught,
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Figure 3.13.1--ITPA Auditory-Vocal Automatic
Scores on 5 Testings

/
/
il

N Ay \
D ! I £ w
$ } t ':) ']( ’/h' i
/ gt
C 1 / 3 ~ 5 xE" i ¢
B s 5 + TR % ¥ !
\
- H= +—
v L/
- F C Lt —
o
~~L
N ¢ \\,: 5
o) e
» 7 ‘
: ; —
/
! 1 —t
3V
L "‘/l [l —
T y 1
f
K I S
M . ) I
k] i L
“ 1 1 __]
T 1 1
§ | | | } _%
2 3 4 o 3 7 &

Adjusted Age Scale




1l

Auditory-Vocal Association {Figure 3.13.2)

This is a verbal analogies test ("During the day we're awake;
at night we _ *). As a test of verbal reasoning it is not guite
what one might wish for. Most of the items, like the one given, can
be answered correctly without grasping the analogy, merely by completing
the second clause. in the most obvious way. Even so, it provides &
useful indication of the child's ability to comprehend declarative
sentences. Few of the sentences were of the forms used in the lan-
guage program, and so the test may be taken as one of transfer to the
diverse range of simple declarative sentences. On the first testing,
as on the second, only one child scored up to his age level on the test.
However, on the first testing 10 of +he 15 children were over a year
below their chronological age, whereas a month later this was true of
only four children. By the fourth testing, at the end of the preschool
year, five children scored above their age level, and only three were
a year or more retarded. On this test, progress continued the second
year. Six children scored apove age level by the znd of the second
year, and only one of the children was over a year retarded, The group
as a whole was approximately up to average. This makes sense in light
of the extended emphasis on logical use of language in science and
problem solving.

Vocal Encoding (Figure 3.13.3)

This test was of interest because it involves a "divergent" as

opposed to a "convergent" use of language. Instead of there being one
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correct response for each item, each item called for the child to
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"tell me all about" an object that was presented to him, and the child's




R e, T —— = B enpioei —

145

Figqure 3.13.2~-1TPA Auditory-Vocal Association
Scorés cn 5 Testings

Testing 13 % 5
F ! 2
~ w}- + T‘ﬁ + 1 )( -+
\ L ,
\ /
- C i L8 ! ZP s u"-s 1 i X
¥ 1 ) A T t
/ d /
] ) {
A — s ' # 4 +
N :
J Nl ' .
——t—3 Aty
|
\ !
B i
— 4 —
7
2 E et 4]
' v
- ; —— ; |
'S ~ ~ ’ y
| 1
'-D.'
(en)]
L E
> e
w
H 5 { 1
N J Y
D —_
J I
I &£ i i
Ll }
M . r
G 1 1
1 1
" 4 f
5 1
6 7 2

Adjusted Age Scale

2
pEs
o
&
>
i
7
3
%
e
-
iy
"3
%
4
4
<.
7




146

score was the total number of different appropriate things he said
about the objects. This subtest, as well as the remaining ITPA sub-
tests to be discussed, was not sdministered prior to any schocling,
but was Tirst administered after a month of school, At that time only
three children scored at or above their age level as shown in Figure
3.13.3. Three months later (Testing number 3), the children had
come up to age level in performance, seven of the children scoring at
or above their age level. By the end of the year this number had in-
.creased to eight, and by the end of the next)year it had increased to
nine, Individual performances fluctuated a great deal from testing to
testing, however, Performance on this test would seem to depend to

a considersble degree on the motivational state of the child at the
time of testing.

Avditory Decoding (Figure 3.13.4)

This is a vocabulary test in which the children respond yes or
no to questions of the form, "Do lanterns shine?" Although vocabulary
building was not a major objective of the program, it was nevertheless
puzzling to discover that the children made practically no gain on
this test during the first year. As Figure 3.13.4 indicates, nowever,
this was largely a function of the surprisingly high performance of
the children on their first testing--surprising in that large vocabulary
deficits are expected in children of this kind. A subsidiary analysis
of the test content and scores suggested that their performance may
have bgen due to a floor effect on the test. The first twelve items
of the test involve very simple words, so that errors would more likely
be due to inability to undersfand the question form than to ignorance

of the words. After item 16 the words increase sharply in difficulty.
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4 Testings

13.3--1TPA Vocal Encoding Scores on
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Getting the first 12 items right yields an age-level score of h-1,
close to normal for the first testing. All children got almost all of
the first 12 items right, so that with a few additional chance successes
they could earn normal or near-normal scores even with very weak voca-
bularies. The small gains obtained during the first year were due to
getting one or two more items correct bevond the sixteenth item, rather
than by gett;ng a larger percentage of the earlier items right. The
larger gains obtained during the second year lend fuither weight to the
premise that during the first year the children were still at the arti-
ficial floor of this test. Had the children not alreéay acquired
sufficient language skill by the time of the first testing to-handle
the easy-word items, larger gains could have been expected during the
first year; but it would have been a mistake to attribute these gains
to vocabulary growth,

“Other ITPA Subtests (Figures 3.13.5 - 3.13.9)

' The ITPA subtests discussed above were of special interest be-
cause their content could be rather easily characterized and had some
obvious relevénce to school tasks. The rema;ning subtests are much
less ciearly interpretable on the basis of their content, and in the
absence of validity studies} their relevance to other kinds of behavior
is not known. Two of the subtests, Auditory-Vocal Sequential (Figure

3.13.5) and Visual-Motor Sequential (Figure 3.13.6) are short-term

-

L+ Tn a validation study nearing completion at this writing, by Alfred
Hirshoren, now in the Department of Special Education, DePaul University,
four ITPA subtests were found to contribute significantly to predic-
tion of achievement at the beginning of second grade from data obtained
in kindergarten., They are Auditory-Vocal Automatic, Auditory-

Vocal Association, Auditory-Vocal Sequential, and Visual-Motor Se~
quential.
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Fiqure 3.13.4--ITPA Auditor-Decoding Scores
on 3 Testings
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merory tests, the first calling for repetition of digit series and the
second for reproduction of series of figures. It will be observed

that performance on the auditory test was good to begin with and got
progressively better, while performance on the visual task was poor

and got relatively worse. To the extent that preschool training may
have had anything to do with these trends, the difference wcild not
appear to be due to the lack of work with sequences of visual stimuli,
since there was a great deal of this in both reading and arithmetic,

but in the much greater emphasis on reproducing sequences orally rather
than motorically through writing or arrangement of objects. Visual
Decoding and Visual-Motor Association involve rather similar tasks.

Tn the first the subject is presented with a picture of an object and
then must find, in a set of four pictures, a variety of the same object.
In the second, the task is the same except that the subject must locate
an object that "goes with" the sample object (such as nail, with hammer).
On both of these tasks, as shown in Figures 3.13.7 and 3.13.8, the
children rose to an above-average level of performance by the end of the
first year, but performed at about an average level. by the end of the
second year. The final test, Motor Encoding (Figure 3.13.9), requires
the subject to demonstrate through actions what one does with various
pictured objects. Performance was poor during the first year and im-
proved markedly for some children but not at all for others during

the second year. The task would appear to have two unrelated components~-
one a familiarity with the objects depicted (household implements,
musical instruments, etc.) and the other an aptitude for pantomime.

A case-by~case analysis of the widely varying scores on testing number

five suggested that the children had, by the end of the second year,
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acquired a sufficient amount of familiarity with the kinds of objects
depicted, but that the more physically inhibited children failed to
demonstrate this on the test.

Mental Age (Figure 3.13.10)

The most global and therefore least interpretable measure of
change was that afforded by scores on the Stanford-Binet Intelligence
test. These scores, being more relisble than those on ITPA subtests,
showed greater stability from testing to testing than the others. A
fairly steady and consistent shift of scores from slightly below
average to slightly above average is indicated. What is perhaps most
noteworthy is that the gains were shared about equally by all children.
There was only a slight suggestion of regression effects at the top and
bottom of the score distribution.,

Achievement

The Wide-Range Achievement Test was adm%nistered once at the end
of the preschool pericd (August, 1965) and again at the end of the
kindergarten year (May, 1966). On the second administration, the test
was administered in the prescribed way throughout. On the first
administration, however, certain modifications were introduced to
adjust to curriculum conventions., Specifically, the first eight
items of the reading test, which consisted of naming the letters of
the alphabet, werechanged to present lower-case instead of upper=-case
letters, and credit was given for producing the phonic equivalents that
the children had been taught instead of the conventional names. On
the second administration the capital letters were given and only the
appropriate letter names were counted correct, On the first admini-

stration of the arithmetic test problems were presented in equation
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Figure 3.13.5--ITPA Auditory-Vocal Sequential

Scores on 3 Testings
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e 3.13.6--1TPA Visual-tiotor Sequential
Scores on 3 Testings
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Figure 3.13.8--1TPA Visual-Hotor Association
' Scores on 3 Testings
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Fiqure 3.13.9-~ITPA lotor Encoding Scores on
3 Testings
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Figure 3.13.10--Stanford-Binet llental Age
Scores on 3 Testings
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form (4 + 2 = b, etc.) and the chiidren were allowed use of a multipli-
cation table. On the second administration the problems were presented
in vertical form, without operation signs (a form with which the children
had had only limited experience, esrzcially those in the lower groups)
and the children were allowed no computational aids. As a result,
scores from the first administration are not precisely comparable to
the ncrms or to the scores from the second administration, whereas
scores from the second administration should be fully comparable to
norms. The reason for deviating from prescribed procedures on first
testing was that we were interested in getting an interpretavle picture
of the children's learning, with some norm reference, and felt that if
we followed standard procedures at that time scores would be seriously
distorted by artifacts of test format. By the time of the second ad-
ministration the children had been sufficiently exposed to the con-
ventions of the test format that we believed reasonably valid scores
could be obtained with it.

Because of the discrepancies in administrative procedures, we are
not presenting the scores in graphic form as with the other tests.
The scores are reported in full, however, in Table 3.13.1. By the
end of the preschool year the average achievement of the children (not
allowing for non-standard testing procedures) was at the beginning
first-grade level in reading and at the beginning second-grade level
in arithmetic. Spelling ability was low, however, only four of the
children scoring at the beginning first-grade level. DPrinting and
spelling were not taught during the first year; the four high-scoring

children were ones who had received help at home, at least to the
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extent of *peing taught to print their own names. Systematic training

NYTTRIET Y AT R T

in spelling was carried on throughout the kindergarten year, however,

L

o

amd was reflected in such an increase in scores that there was no over-

lap between pre-kindergarten and posi-=kindergarten scores in spelling.
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Table 3.13.1 - Individual and mean grade-level scores on Wide-Range

Achievement Test i
Reading Arithmetic Spelling %
Child Aug. 65  May 66 Aug. 65 May 66 Aug. 65 May 66 %
A o5 1.3 2.3 1.8 .8 1.7 %
B 1.0 1.3 2.0 2.5 1 2.0 :
o 1.k 1.7 2.7 3.6 1.0 1.9
D 1.2 2.1 2,2 3.6 1.0 2.2
ﬁ 1.1 1.9 2.5 3.3 o1 1.8 .
G 1.1 1.8 2.5 3.1 1.0 2.0
H 1.1 1.3 2.3 2.3 <3 1.7
I 1.0 1.3 2.2 2.5 .1 1.2
J 1.3 2,2 2.7 3.1 1.0 2.2
K -9 1.3 2.0 2.9 -7 1.9
L 1.0 1.0 2.0 1.k 5 1.2
M 1.0 -9 1.8 1.8 .0 1.3
N 1.1 1.1 o3 2.0 .1 1.5

Mean 1.05 1.50 2,12 2,61 . 052 1.7k
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By the end of the kindergarten jear mean achievement was at the
“mid-first-grade level in reading and the mid-second-grade level in

arithmetic., The gain over pre-kindergarten scores was half a year in

each case, but these gains cannot be taken at face value because of
‘difﬁerences in testing procedure. In reading, for instance, three
children, showed no gain {a slight loss in one instance). These three
children, however, comprised the lowest reading group, in which capital
letters were hardlv treated at all. Inspection of test protocols showed
that on the first administration (in which lower-case letters were used),
these three children earned their entire scores of five or six points
by letter reading., On the second administration (in which capital
letters were used) each of the children got only two letters correct,
the difference being made up by their reading some words correctly. If,
as is permitted in the instructions for administering the Wide-Range
Achievement Test, credit is given for all the letters, providing the
child reads some words, then all but one child showed a gain (and
the mean grade level is raised .1 years.)
3.131 Summary of test results

For those tes£s that had some clearly identifiable content,
scores tended to reflect rather faithfully the amount of emphasis that
was given to that content in the program. When grammatical usage was
deliberately taught, scores rose dramatically on the test of grammatical
usage (Auditory-Vocal Automatic); when instruction was terminated,
improvement in scores ceased. Before the commencement of direct in-
struction in printing and spelling, the children's achievement in
this area was negligible, even though they were learning some reading

at the time. When direct instruction in spelling was instituted,
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scores rose sharply to the point where they were normatively as good as
scores in reading. If there was any general improvement in test scores
that could be attributed to "stimulation" or "enrichment," it was very
slight compared to the specific effects and was largely confined to

the first year.

A major interest of the study was to see how far disadvantaged
children could be taken in selected areas of instruction through in-
tensive and structured efforts. The results of this study would in-
dicate, as a first approximation, that by devoting twenty minutes a
day to instruction in each area, disadvantaged preschool children can
acquire in two years'! time

1. enough language learning to take them from a year or more
below average up to an average level of performance,

2, two and one-half years' worth of arithmetic learning, by
primary school standards,

3. slightly over one and one-half years® worth of'learning in
reading and spelling, by primary school standards.

In assessing the amount of achievement in reading and spelling,
it must, of course, be taken into account that the normative comparison
is with first-grade children who typically receive several hours a
day of instruction in these areas.,

3.14 Discussion

Let us return now to the concern which motivated this study in
the first place. We were interested in carrying out direct instruction
in a few significant areas with naive children to see how much could
be accomplished with en essentially non-psychological approach~=one

that was developed simply out of a consideration of task requirements
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and the ini.ial state of learning of the children--and to find out
what problems if any remained that might require the application of
principles peculiar to young children. The issue, put simply, is one of
studying the task and what it requires versus studying the child and how
he functious. The issue is not easily drawn, however. It must not
be supposed that we are putting an arm-chair analysis of content
against empirical study of children's learning. There is much to be
learned about task requirements from empirical study. As an adult tries
to teach live children he discovers task requirements that he could not
have hit upon through speculation, if only because he himself is too
far beyond the time when he first learned them and because he was too
young then to know what was going on. Also, it is only as one tries to
teach things to children that clear evidence of what they know and don't
know emerges; test data are usually too gross and observations of
children's spontaneous behavior tend to show what they can do but not
what they can't,

As to the "teachability" of naive four-year-old children, there
was little doubt from the first day of the experiment that the children
could respond to efforts to teach them~-that is, that they could assume
the role of pupil as distinct from that of playmate or independent
learner. We were somewhat misled in this, however, by a few of the
children who apparently assumed the role of pupil as if it were a role
in a play, who saw it as a matter of going through certain motions and
saying certain lines on cue. They did not seem to get the idea that
they were supposed to be doing a job, which was learning. This confusion

of role with job is not uncommon. Little League baseball players quickly
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learn to play the roles of pitcher or catcher in a convincing manner,
acquring many of the mannerisms of professional ball players; but
only after some time and under some pressure do they learn to apply
themselves to the task of getting the batter out. John Holt's book,

How Children Fail (1964), is full of examples of older and vastly

more sophisticated children fooling their teachers and themselves by
playing the part of student while by-passing the task. And one sees
many neophyte executives, militery officers, enginears, and college
professors who self-consciously play their roles with no apparent
grasp of the accomplishments that are expected of them.

Thus the problem is not peculiar to young children. The diffi-
culty seems to be that what is overt is easily learned while what goes
on inside-=what we allude to by svch terms as attention and intention--
is not so readily grasped. The solution proposed by Holt (1964) amounts
to giving up on teaching and merely contriving to make it pessible for
the child tc learn on his own initiative. No such drastic recourse
seems called for, however. In the first place, a large majority of
the children did seem to catch on readily to the task requirements of
studentship. Before giving up on the others it would be well to search
for ways of teaching children "how to be taught'--teaching them to
recognize and cope with the problems presented rather than only to
mimic the overt actions of learning. In subsequent classes we have
tried to dc this by intrcducing at early points in the program exer-
cises that demonstrate the truth-falsity dimension of language as
contrasted with the conformity-nonconformity dimension and by con-
triving tasks in which mere guessing or aping previously rewarded re-

sponses is dramatically unprofitable.
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Arithmetic Learning

Measured by terminal test results, arithmetic was the most suc-
cessfully taught of the three subjects. It is impossible to compare
the starting points of the children in arithmetic, language, and
reading, however, and so there is nc objective basis for judging in
what areas they progressed farthest from where they began. It seems
reasoniable tc suppose that the average child's grasp of number at
age four is not as far advanced over that of the disadvantaged child as
his mastery of language. In studies carried out a year after the
present study was begun, a group of disadvantaged children and a group
of middle-class children (see Section 2.2) were taught for the same
length of time with a fairly similar program. At the end of seven
months the midd’e-class children were approximately a year shead of the
disadvantaged childrenon relevant ITPA language subtests, 1.3 years
ahead in reading, .6 years ahead in spelling, but only It years ahead
in arithmetic,

A cognitively-oriented psychologist might well ask whether the
children, although able to perform arithmetic computations and solve
a few "thought" problems, really attained an understanding of number
and arithmetic. Such a question is legitimate, but it is difficult to
see what criteria one might apply that would be realistic for children
of this age. It would be easy enough to demonstrate, by probing with the
kinds of questions that Piaget has used in studying children's concepts

"really" understood number. But g

of number, that none of the children
this is evidently also the case with advantaged kindergarten children

who have been taught number concepts by a variety of methods- T ;
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In mathematics, perhaps more than in any other subject, judgments
based only on what a child can do when left tc cope with a problem by
himself are likely to underestimate what he has learned by a large
amount. A more positive approach to an assessmert of children's learn-
ing in arithmetic would be that suggested by Vygotsky:

Having found that the mental age of two children
was, let us say, eight, we gave each of them harder
problems than he could manage on his own and provided
some slight assistance: the first step in a solution,

a leading question, or some other form of help. We
discovered that one child could, in co-operation,
solve problems designed for twelve-year-olds, while
the other could not go beyornd problems intended for
nine~year-o0lds. The discrepancy betweecn a child’s
actual mental age and the level he reaches in solve-
ing proklems with assistance indicates the zone of
nis proximal development; in cur example, this zone
is four for the first child and one for the second. .
. so Experience has shown that the child with the
larger zone of proximal development will dg much
better in school. (Vygotsky, 1962, p. 103)

A film made by Engelmann, using children from this study at the
end of their kindergarten year, gives striking evidence of the kinds
cf problems they cculd solve, with slight amounts of guwidance tc set
them in the right direction. They could solve area of rectangle
problems, side of rectangle problems, morey problems involving addi-
tion, subtraction, or multiplication, factoring problems, and simul-
taneous equations in two unknowns. The kinds of problems they could
sclve without anyguidance or orientation, as shown by the Wide-Range
Achievement Test, put them well in advance of their years, but the
"zone of proximal development"” would appear to be greater even than
those scores would suggest.

Even so, it can be admitted that the children did nct "under-

stand" associativity, commutativity, equivalence, the decimal base,
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or any of these concepts in a mature way. As Vygotsky saw, perhaps
not very clearly, these are not learnings in the usual sense. They

are higher-order properties of learning that come gradually to
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characterize the child's knowledge as he proceeds incrementally through

a series of steps (no one of which decisively marks the acquisition of

“
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one or another of these understandings).
The child is not taught the decimal system as
suck; he is taught to write figures, tc add and to
mltiply, to solve problems, and out of all this

some general concept of the decimal system even-
tually emerges. (Vygotsky, 1962, p. 102)

What Vygotsky seems to be getting at is that the cnild, through
mastering specific concepts and operations, scquires a "working knowl-
edge" of the decimal system, associativity, commutativity, anf. sc on,
with or without an explicit awareness of these principles, much as the
child acquires a "working knowledge" of the rules of grammar, even
though it may be years before he is in a position to understand them

in a way the grammarian does,

Reading
Although the test results indicate that the children did mske

considerable progress in reading for the amount of time devoted %o

it (approximately 120 hours spread over the two years), it was in
reading that the children exhibited the mcst frequent and frustrating
failures to "get it" and "hold on to it." The only children who could
really be said to know how to read at the end of the kindergarten

year were several girls whose mothers had given them a considerable
amount of help and encouragement at home. Perhaps that is the

practical solution for achieving greater success in teaching reading
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to young disadvantaged children, enlisting parents to see that the
children get enough additional practice to ensure mastery of the skill.

Our present interest, however, must be in the kinds of difficulties
encountered and in the question of whether they pcint to cognitive
peculiarities of young children that must influence reading instruction.
The slower half of the children took an inordinate amount of time to
learn the letter identifications and they showed a distressing tendency,
even into the second year, to keep forgetting them. Visual perception
seemed to have nothing to do with it. The children quickly learned to
discriminate and match letters. The only childa who showed visual per=-
ception anomalies {copying letters upside down, failing tc match letters
that were drawn slightly differently) was cne of the more verbally
advanced children, whose older siblings also had a history of such
difficulties. He typified the "clinic cases" that have been used by
remedial reading experts as a basis for generalization to reading
difficulties of all kinds (Frostig, Lefever, & Wittlesey, 1963} but
nis problems were clearly not those of young children or disadvantaged
children in general.

The second major difficulty was in learning to use letter sounds
as clues to word identification. This showed up not cnly in the
familiar inability to blend phcnic elements (putting sss-ih-t tcgether
to form.gig), but more dramatically in the inability to form correspond-
ences between phonic elements and words. It is one thing to blend

sss-ih-t as sat or sick and quite another %o sound out sss-ih-t and

then guess that the word is run. in the first case the child is at
least using the phonic clues, though imperfectly, whereas in the second

case the child shows no inkling that the phonic elements tell him

anything.
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The two difficulties are obviously related. The child whose mastery
of the phonic identities of the letters is unstable does not have de-
pendable phonic clues to work with. Conversely, the child who does
not grasp what it is that phoaic clues are able to tell him cannot be
expected to appreciate the importance of remeuwbering the letter identities.
Thus we have the makings cof a classic double-bind in wnich each of two
things must be learned before the other can be learned. Such double-
binds in learning tend to work themselves out in time as the child
learns a little of this, a little cf that, and as he acquires enough
related skills from other scurces to facilitate the learning of bot
parts. It would seem that double-or multiple~binds of this kind are
very common in complex learning and that the allowing of them to be
worked out over time is what lies behind the concept of readiness.

Viewed in this way, however, readiness derives not from intrinsic
properties of maturation but from snarls in the sequencing of instruction.
The need to "wait for readiness" disappears as the snarls are eliminated.
Thus, in the case before us, we are attempting in the present year, and
with encouraging early signs of success, to resclve the double-bind
by teaching the children to use phonic cues in isolation from printed
letters. The children are told little stories, for instance, in which
key words are sounded out rather than pronounced., The children are
thus provided with contextual prompts to help them identify the words.
The idea is that by thus teaching the children what they can do with
phonic cues, and then showing them how these cues can be supplied by
printed characters, it will be easier to get across to the child that

letters have stabie identities that are worth-while to learn. The
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much greater ease with which middle-class children are ususlly able to
learn the alphabet has no evident direct relation tc langvage maturity.
A more likely explanation is that the middle-class child learns through
experience witn a number of related instances that., when an adult sets
out to teach him the identities of the elements of a set which he had
previously treated as homogenacus, there will be some benefit from
learning these identities even though he does not know what it is in
advance. Engelmann has noted, for instance, that when it is pointed
out to bright middle-class children that the notes in the musical scale
have separate identities and that these are discerniﬁles the children
quickly learn absolute pitch without the need for intensive training,
Language

Language learning cannot be asnéatly assessed as the learning of
arithmetic or reading, meinly because in language it is what the child
can do with what he has learned that counts whereas in srithmetic and
reading one may consider certain key accomplishments as markers of the
child®s learning quite apart from his ability to apply arithmetic or
understand various written material, As to the general practicality
of teaching new conrcepts and syntactical forms through the methods of
demonstration, drill, and application that we employed, we can say that
the methods are highly reliable, But, then, so are the informal methods
of language teachirg that go on in the home highly reliable, in that it
can be assumed with great confidence that in time children will master
the complete grammar and everyday vocabulery of their parents, It is

all a matter of relative efficiency,
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In judging efficiency we must rely on the rather gross evidence
provided by test data. The rapid progress made by the subjects in this
study in learning grammatical inflections (as shown by scores on the
Avditory-VYocal Automatic subtest of the ITPA) during the first year,
and the virtual cessationr of this progress when direct instruction was
abandoned in the second year, testify to the efficiency of direct as
against informal teaching. For the children were certainly exposed to
models of use of grammatical inflections during the second year, perhaps
more richly than during the first year, and they were also subjected
informally to corrections of their own speech; but this proved tec be
inadequate for maintaining normal progress.

In iight of our more fundamental interest in teaching the children
to use language to arrive at valid assertions about reality, we must

note that in spite of their improved performance on tests of verbal
reasoning, the children impressed us as falling short of the level of
sophistication that biight middle-class children show in the logical

use of language. This, we fear, will remain their major handicap in
academic days to come., In a nutshell, they didn't learn tc ask themselves
the right questions and use the answers to these questions %o ask more
questions so as to arrive eventually at a solution or explanation.

Given help, in the form of someone who asked the questions for them, they

could accomplish dramatic feats, solving scientific problems, arriving

at exclusive definitions, and so on. But they didn't learn how to pose

3

questions themselves, except in the highly structured framework of

H Ay R S

arithmetic,
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This is not to say that the children did not ask questions. They
asked the kinds of "curiosity" questions that on superficial observa-
tion would suggest an adequate degree of inquisitiveness, “exploratory

drive,"

or what have you. But these are the kinds of what and why
questions that are elicited merely by exposing the child to a novel
phenomenon. These are the kinds of questions one supposes a chimpanzee
would ask if it knew how. Some progress was made during the second
year by teaching the children tc ask what unfamiliar words in instruc-
tions meant and to plug these meanings hack into the instructions so
as to render them intelligible ("Touch your cranium." "What's a cranium?"
"It's your head bone.") and by introducing the children to the game of
"Twenty Questions." A comprehensive attack on the problem of teaching
self-questioning remains to be devised, however. At this time we can
only register the surmise that children need to become guite sure-
footed in dealing logically with questions that are put to them before
they can achieve much success at or even appreciate the value of ask-
ing themselves questions. For children who start with as little mastery
of language and as little conception of truth and falsity as the
children we worked with, therefore, this may well be the longest row
they have to hoe and one which must be continued with some care beyond
the two years of preschool education,
3.15  Conclusion

The preceding discussion dealt largely with apparent short-comings
of the experimental instructicnal program. It should be noted that

these short-comings could not have been detected if the program had

not been so successful in what it did do. It is impossible to tell
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whether a beginning golfer has a slice until he has learned to hit the
ball. For that reason it is impossible to judge whether children trained
in less achievement-oriented programs would have similar problems.
An important question to consider, however, is whether the short-
comings that remain can be dealt with by pedagogical means--by adding ;
) elements to the curriculum that had been neglected, by removing or 3
altering sources of mislearning, by rearranging sequences, clarifying 4
instructions, improving methods of presentation and management, etc.--
or whether the difficulties lie outside the scope of pedagogy and re- /:
Guire accommodation to maturational or psychological factors of a special
sort. No general answer can be given to this question. It can be 2
answered, by demonstration, with each difficulty as it appears. We o
have, however, attempted to show in the preceding discussion, that for
each of the variety of difficulties considered, there exist substantial
resources for dealing with them within the instructicnal system. that
we have developed. These problems can, in other words, be conceived
of as learning problems that can be subjected to the same kind of
analysis and attacked by the same pedagogical methods as the problenms
that were successfully dealt with by instruction.

In short, we believe this study indicates tha% approaching early
learning as a straight-forward instructional problem, as later school
learning is approached, is a productive and progressive way not only
of developing effective‘educational programs for young children but
also of identifying the constituents or those amorphous categories
that now go by the names of "intellectual development"” and "readi-

ness.,"
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3.16 Summary

Fifteen four-year-old disadvantaged children were chosen on the
basis of older children in the same households having educational
difficulties that were attributed by their teachers to cultural
deprivation. For two years they were given a special educational
program that featured one hour a day of direct verbal instruction in
language, arithmetic, and reading. The remainder of the program (an
sdditional hour the first year, an hour and half the second year}
consisted of less structured activities designed to reinforce the
effects of direct instruction.

Relevant test data included a test of ability to use grammatical
inflections (the Auditory-Vocal Automatic subtest of the Tllinois Test
of Psycholinguistic Abilities), a verbal analogies test (the Auditory-
Vocal Association subtest of the ITPA), a test of expressive language
(ITPA Vocal Enccding), a vocabulary test (ITPA Auditory Decoding),
general intelligence (Stanford-Binet MA), and achievemert in reading,
arithmetic, and spelling (Wide-Range Achievement Test). On first test-
ing the children averaged from one-half to one and one-half years below
average on all language tests. By the end of the second year their
scores had risen to approximately average, except that on the grammar
test their scores rose from far below average to within two months
of average the first year, but then direct instruction in grammatical
usage was suspended and they gained only four months the next year.

As a result they ended with scores again well below average on this
test., Mental age rose from about six months below average (the

first testing occurring six weeks after school started) to about
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four months above average. Terminal achievement averaged at the 1.5

grade level in reading , 2.6 in arithmetic, and 1.7, in spelling.

3,2 Direct Verbal Instruction Contrasted with Montessori Methods
in the Teaching of Normal Four-Year-01d Children

3.21 ZPurpose

An experimental comparison between the methods of direct verbal
instruction described in section 3.1 and Montessori methods of preschool
education has several points of interest. The two approaches share
certain common goals that are not shared by traditional approaches to
preschool education. ‘Bogp‘are concerned with teaching, with getting
children to know tgings they don't already know. Both emphasize work
instead of play. Both follow the principle of presenting sequenced
tasks of increasingly more stringent criteria, so that the chiild has
the experience of encountering and overcoming failure rather than
being spared it altogether. More specifically, both atgempt to teach
mathematical concepts, reading, and spelling to preschool children.

In spite of this communality of goals and intcerests, the two
approaches are diametrically opposed on almost every major point of
method. The over-riding difference, of course, is that direct verbal
instruction works mainly through language, both in the teacher's
presentation and the children‘s responses, whereas Montessori methods
are far to the opposite extreme, relying on the child's physical in-
teraction with inanimate obJjects to accomplish most of the learning,
verbal behavior by both teacher and child being minimized. In
addition, Montessori places great emphasis on the child's freedom to

select and pace his own activities, whereas in direct verbal instruction
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the selection and pacing are controlled by the teacher. Children
usually work separately in Montessori schools, but in groups under

direct verbal instruction. The atmosphere strived for in Montessori

schools is ocne of library-like calmness and concentration, whereas
with direct verbal instrﬁction it is more one of gymnasium-like
strenuous exertion.

The present experimental comparison was concerned with two issues:
i) whether the contrasting verbal and non-verbal emphases of the two
methods would be reflected in differential gains on verbal and non-
verbal performance measures and 2) whether direct, teacher controlled
and paced instruction in basic academic subjects would prdduce dif-
ferent achievement results than the less direct and forceful instruc-
tion of the Montessori method. With respect to the first issue, it
was expected that the Montessori group would show up better on non-
verbal tests, the Academic Preschool group on verbal tests, except for
the grammar and vocabulary subtests, where no difference was predicted.
Since almost all of the children came from relatively privileged homes
with highly educated parents, it was expecteé that those verbal measures
that reflected fundamental languvage skills W?Uld not be materially
affected by differences in school treatment°: With respect to the
second issue, it was expected that direct verbal instruction would
lead to higher levels of mean performance on achievement tests, but
that the variance of scores would be larger and negatively skewed for
Montessori-trained children, indicating that most scored below the
mean of the direct verbal instruction group, but that some scored as

high as or higher than the best of the direct verbal instruction grovnp,
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3.22 Method and procedure
Subjects.

Subjects for the Montessori group were all the children enrolled
in a local Montessori school who would be of kindergarten age the
following academic year. This meant that they were between the °
ages of 3-10 and k-10 a% the time the experiment began. Nineteen
children were so identified, of whom 2 were later excluded for reasons
to be given. The school was a licensed Montessori school that had
been in existence for two years, using trained Montessori direct-
resses. Children in the Montessori school were largely from upper-
middle-class homes with college educated parents.

"’he recruitment of a comparable group of children to receive
instruction under the direct verbal instruction method was carried
out somewhat unconventionally because of the special nature of the
Montessori group. It would have been easy enough to have recruited
a group from the same socio-economic backgrounds as the Montessori
children, but there was reason to suppose that the parents of the
Montessori children differed from the average in ways not indicated
by their occupational and social status. The Montessori society was
still young in the community and many of tne parents had taken part in
the original movement to start such a school. The writer attended
one of the planning meetings and observed the parents to be exceedingly
zealous over their children’s intellectual advancement and convinced
that regular nursery schools were inadequate because they "didn't
teach anything." It could be expected, therefore, that such parents
would take an even more active role in their children's early educa-

tion than is common for people of comparable station.,
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Accordingly, recruitment was carried out by telephoning parents
of children in the Montessori school and securing from them names of

parents whom they knew to be interested in the Montessori school

and desirous of having their four~year-old child in it, but who

N

were unable to enroll him either because of the Montessori school's
pelicy of not admitting children above the age of three years six
months or because of the financial burden (tuition in the Montessori -3
school being high by local standards). Some narmes were also obtained
from the waiting list for admission to the Montessori school. Through
this means 19 =ubjects were recruited, of whom one was subsequently
lost by leaving the community.

Cne important difference, however, that could not be eliminated
so long as intact Montessori classes were used, was the fact that =
the Montessori children had already had a year or more of schooling
in the Montessori school at the time the preseant study began,
whereas none of the chilidren in the direct werbal instruction group
had been in school previously.

Educational Trestiment

Except for the testing to be described, the children in the
Montessori school were eiperimentally untouched. The four-year-
olds being studied were in two different classes, mixed in with a
number of younger children and a few older ones, according to the
Montessori principle of avoiding age segregation. The school day
was three hours.

The class to be taught by direct verbal instruction methods

was started in mid-October, under the name of the Academic Preschool.
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It followed approximé%ely the same schedule of days as the Mo

school, but the school day was only two hours. Initially the same

basic program was followed as with the disadvantaged children the

year previously--three +teachers each teaching a different subject

in 20-minute sections to groups of children stratified according to

1evel of attainment. The teachers were all new to the program. One %
H

¥
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&

had previously taught slow-learners in elementary school and another

had taught high school English. The major departures from the plan
used with the disadvantaged children were as follows:

1. Since the children in the present study were much more

sticated in language usage than the disadvantaged children.

! sophi
Zf’ the basic language program wWas presented only in the most summary
3 form. Most of the time was devoted to the material on if-then g
e

puie

reasoning from the advanced language program and to science topics
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gy that also invclved verbal reasoning problems; e.g., problems involv=-

= ) ) . . . z
gt ing opposing forces, problems involving deductions from the geolog- E
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% ical record. 5

5. A revised reading curriculum was used, employing the Initial
Teaching Alphabet. The new curriculum included early introduction

£ rhyming and first-letter phonics to distingnish rhyming words,

h a small set of sight

early introduction of sentence reading wit
E: words, and very systematic drill on spelling patterns.
3, Initially the arithmetic curriculum was modified to accommc-

. ‘3 date early intrcduction of negative numbers. However, teaching

‘j ;; difficulties required an eventual retreat back to the arithmetic

program as used with the disadvantaged children.
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Lk, Printing (in i.t.a.) was taught informally but regularly :
as one of the between-c¢lass activities,

- i 5. After four months a fourth subject was added, experimental
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science, in which a number of short units centering around demonstra-
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3 tions and problems in rule-application were tried out. These included
B\ units on plant physiology, weather, and geology. :
‘T 6. At this same time the class was divided into four groups for :

reading instruction instead of the usual three because four children

FICTTL X PRI TR

had gotten too far ahead of the others ir. reading to profit from the

LN WY

same instruction as the others were receiving.

T. . The original schedule of spreading the instructional
sessions over two hours by sandwiching periods of semi-structured
activity between them was gradually modified until the instructioarl
periods were run one immediately after the other, the less structured

activities being all shoved to the end of the day.

N
st BRI s 8 o T AN a3 § S St £380

Testing
The Illinois Test of Psycholinguistic Abilities (ITPA) was

administered both as a pretest and as a posttest. The First
administration was carried out approximately six weeks after the
beginning of the Academic Preschool. One child in the Montessori
school refused to be tested on this and later occasions and was
therefore dropped from the sample. Another Montessori child obtained
a standard score on the total test that was 1.2 standard deviations

below that of any other child in either group (a gap four times
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greater than any other in ‘he score distribution) and therefore was
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-excluded a3 a case lying outside the range to which results of the
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study might be generalizable. The ITPA was readministered to both
groups approximately six months later.

4t the latter time an individual achievement test was also
administered, the Wide-Range Achievement Test, which prcvides grade-
level scores for reading, arithmetic, and spelling that range down as
far as the beginning kindergarten ievel (0.1). The reading test
consists entirely of sight vocabulary words, except for some alpha-
bet recognition items at the lJowest levels. Because both the Mon-
tessori children and those in the Academic Preschool had been taught
to identify letters by sound rather than name (although many of
them had learned the names at home), vhe scoring policy was followed
(which is admissible under the rules for administering the test)
of giving credit for all the letter identifications providing the
child recognized one or more words. The words were presented on
the standard test forms to both groups--that is, in traditional or-
thography, with lower-case 1ettérs--even though the Academic Preschool
children had been taught with the Initial Teaching Alphabet. The
arithmetic test consisted cf 15 orally aduinistered items and had a
ceiling score of 2.0 grade level. The spelling test consisted of
individual words graded in difficulty and was scored conventionally.
Thus, words spelled correctly in the Initial Teaching Alphabet were
not counted as correct, unless the spelling happened to conform
exactly to conventional orthography.
3.23 Results

Pretest results

Table 3.23.1 gives a comparison of the pretest scores on the

ITPA for the Montessori and Academic Preschool groups. The data
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are in standard scores fitted to the nearest month of chronological
age by means of linear interpolation in the norm tables. Separate
i-tests were run on each ITPA .subtest as well as on total score..
None of the differences was significant even at the .10 level, even
though with 10 comparisons cuc of the differences could have been
expected to reach that level by chance. Thus the groups may be re-

garded as not differing significently, either in overall. level of test

performarce or in particular subtests. The testers inadvertently
missed two children in the Academic Preschool and the oversight was
not made known until it was too lLate to obtain usable pretest scores.
These two children are left out of further analysis of ITPA scores;
however, their scores on the posttest would indicate that they were
slightly below the average of their group, so that their inclusion
in the pretest comparison could have been expected to diminish

rather than augment the overall difference.

ITPA posttest results

Analysis of covariance was used to remove some of ‘the experi-
mental error due to within-group differences and (presumably)
random between-group differences shown on the pretest. A single
repeated-measurements design using corresponding subtest scores in
the pretest as the covariate, was intended, but preliminary tests
showed significant heterogeneity of regression among fhe ITPA
subtests (p<.Ol), thus making it unreasonable to base all adjust-
ments on the same regression coefficient. Accordingly, a separate
analysis of covariance was run for each subtest as well as for total

test score. Tests on within-groups regression coefficients showed

[

K

p

{

3

j

1

H

by
5
4
A
4
o~
2
o
3
%
5
i
-
E
4
3

3
=

Afmawe Al sada




182

Table 3.23.1 - ITPA pretest standard scores for direct instruction

and Montessori groups

Group
Test Direct Instruction(N=16) Montessori(N=17)

Mean S.D, Mean 5.D. t¥*
1. Aud. Decoding 1.01 B1 o .75, 66 ".99
2. Vis. Decoding b5 .68 .78 62 1.1
3. Aud-Voc Association 1.33 .69 1.40 .69 .29
4, Vis-Mot.Association .11 .68 A7 <Th .24
5. Voc. Encoding 1.01 .90 .65 .77 1.19
6. Mot. Encoding .20 (0 Ji .8h .76
7. Aud-Voc Automatic 8L .86 .61 .53 .50
8. Aud-Voc. Sequential .98 .92 .78 .95 .60
9., Vis~Mot. Sequential .75 o Th .83 149 37
Total Score 1.33 .61 1,28 .67 .22

*t of 1.70 required for significance at .10 level

no significant heterogeneity at the .10 level on any test, Table
3.23.2 reports the posttest means and adjusted means, along with
F values for the analyses of covariance.,

On total test score, the groups differed hardly at all. In
fact, there was practically no change for either group from the
pretest scores--a gain of ,07 standard score points for the Aca-
demic Preschool group and a loss of .11 for the Montessori group.
On two of the subtests, however, there were significant adjusted
posttest differences. One is a difference of half a standard score
unit in favor of the Academic Preschool group on Auditory~Vocal

Association and the other is a difference of equal magnitude in
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Table 3.23.2 - Adjusted and unadjusted posttest means on ITFA

Group
Direct Inst. (N=16) Montessori (N=17) Adjusted
Unadjusted Adjusted Unadjusted Adjusted Mean

a
SR & YT WLIN | ST VRO .« ST 7 Ty

Test Mean  Mean  Mean Mean - - piffer.px
1. Aud. Decoding .81 .78 .72 Tl Ol n.s.
2., Vis. Decoding .23 .25 .79 .78 -.53 <.05
3, Aud-Voc Association 1.64  1.67  1.16  1.13 .53 <.01
4, Vis-Mot. Association .96 .97 .51 .49 18 <.25
5. Voc. Encoding .93 .89 .36 Lo A9 < .25
6. Mot. Encoding | .12 .18 .26 .20 -.03 n.s.
7. Aud-Voc, Automatic .87 .81 .73 .78 .03 N.S,
8. Aud-Voc, Sequential .90 .83 .82 .89 -,06 n.s.
9. Vis-Mot. Sequential =-.39 -.37 -,10 -,13 -.2h N.S.
Total Score 1,50 1,38  1.17  1.19 .19 n.s.

* P based on analysis of covariance of posttest scores, con-
trolling for corresponding pretest scores (d.f. = 1,30).

favor of the Montessori group on Visual Decoding. Auditory-Vocal
Association is a verbal analogies test. Visual Decoding is a test
in which the subject is briefly shown a picture of an object and
then must locate an object of the same identity in another picture.
Two other differences approached significance, both being on the
order of half a standard score unit. Both differences were in
favor of the Academic Preschool group. One was on Vocal Encoding,
a test that requires the subject to "tell all about" objects that
are given him, the score being the number of different attributes he
names. The other was Visual-Motor Association, a picture analogies

test,
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An overall comparison of performance on verbal and non-verbal
subtests reveals the following: on verbal subtests (1, 3, 5, 7. 8)

+he Montessori group declined an average of .08 standard score

AT T N T T e

points from pretest to posttest, while the Academic Preschool group

showed no change. On the non-verbal subtests (2, L, 6, 9) the
Montessori group showed a decline of .18 while the Academic Pre-
school group showed a decline of .0O4. The differences between groups
from this perspective are wminute and contrary to the expectation that
the contrasting verbal and non-verbal treatments given the two groups
would be reflected positively in ITPA subtest changes.

Another comparison was run which, because of its glaringly a

posteriori nature, must be taken with some salt. However, it

represents a way of looking at ITPA profiles that may be more
meaningful for normal children than the diagnostic categoriza-
tions developed for exceptional children. Subtest scores are
assigned weights according to the amount of informatiocn processing
as contrasted with rote or automatic reproduction that they seem to
call for. The two analogies tests, Auditory-Vocal Association and
Visual-Motor Association, are assigned weights of +, Auvditory
Decoding (a vocabulary test requiring a judgment as to whether a
given statment can be true or not) and Vocal Encoding (described
above) are assigned weights of +2. Visual Decoding (described
above ), Auditory-Vocal Automatic (grammatical usage), and Motor
Encoding (showing by pantomime what to do with pictured objects)
are weighted -2; and the two immediate memory tests, Auditory-

Vocal Sequential and Visual-Motor Sequential, are weighted- ~3.
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Thus the composite score has an expected value of zero, postive
scores indicating a tendency to score higher on tests requiring in-
formation processing than on more automatic tests, negative scores

indicating the opposite tendency.

Mean scores for the two preschool groups on this composite were

PRV | IR RRE VTN

postive for both pretest and posttest. On the pretest the Academic

Preschool group obtained a mean score of 1.48 and the Montessori

%
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group a mean of .53. The difference was not significant (33055,

L

d.f.=31). On the posttest the mean for the Academic Preschool group

rose to 8.93 and the mean for the Montessori group rose to 2.70.

An analysis of covariance (controlling for pretest score) showed
this posttest difference to be significant at the .02 level (F=
7.22, d.f.=1,30).

Achievement Test Results

Table 3,23.3 presents means, standard deviations, and ranges
for achievement test scores. As predicted, the Academic Preschool
children were significantly superior in all three areas. The
Montessori group showed greater variance in scores on two of the
three tests. The difference was significant (by F test) at the .01
level in arithmetic and at the .05 level in spelling., On reading,
however, the variance was insignificantly greater for the Academic
Preschool group. The range was curtailed in the arithmetic test
by a ceiling of 2.0 grade level. Two children in the Academic

Preschool group and one in the Montessori group reached this ceiling.
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Table 3.23.3 -~ Means, standard deviations, and ranges of scores

on Wide-Range Achievement Test (grade-level scores)

Group
Direct Instruction(N=18) Montessori (N=17)
Mean S.D. Range Mean S.D. Range t P

Reading o3 .68 1.4s3.7. 1.05, .62 . .0-2.6 6.30 X .005
Arithmetic 1.46 .22 1.2-2.0 1.19 .k .3-2.0 2.5 .025

Spelling 1.72 .32 1.0-2.2 1.25 .5l B8-2.5 3.62 «<.005

Contrary to expectations, the Montessori group did not show
marked negative skewness in scores, except in spelling. As a crude
comparison of skewness, the number of children in each group scor-
ing above and below their respective group mesus was compared by a
chi~square test. In reading the Academic Preschool group was
evenly divided and the Montessori group was divided 9 above and 8
below--clearly not a significant difference, with no skewness in
either group. On arithmetic, scores for the Academic Preschool
group were negatively skewed--5 above and 13 below while for the
Montessori group they were positively skewed--10 above and 7 below.
The difference fell short of significance at the .10 level, however.
On spelling the results were reversed--11 above and 7 below for the
academic Preschool group and 5 above and 12 below for the Montessori
group. Again the difference was not significant.

3.24 Discussion

The two major questions in this study were 1) whether the
differences between the highly verbal training given in the Academic
Pré%chool and the highly non-verbal training given in the Montessori
school would be reflected in differential gains on verbal and non-
verbal ITPA subtests and 2) whether the differences in treatment

would result in differences in academic achievement.
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The ITPA differences obtained seem to be better accounted for
on the basis of the amount and kind of information processing required
of children in the two schools rather than on the basis of modality.
Thus, of the three tests on which the Academic Preschool children
most exceeded the Montessori children, one is non-verbal, but all
have in common the following elementary task requirement: the child,
on being presented a stimulus (either verbal or non-verbal), must
abstract some characteristic or characteristics from it according to
criteria of task relevance. The one subtest on which the Montessori
children did significantly better, Visual Decoding, was superficially
very similar to the Visual-Motor Association subtest, on which the
direct instruction group was superior. On Visusal Decoding, however,
the child does not need to abstract any attribute; he need only
recognize the object shown and then locate another object of the
same identity {whereas on Visual-Motor Association he must locate
an object that "goes with" the stimulus object--i.e., that is related
to it by use, class membership, etc.).

One of the peculiarities of Montessori instruction, besides its
non-verbal character, is that most of the abstraction is done for
the child rather than by him. If he is to attend to length, color,
or pitch, then all the attributes of the stimulus objects are held
constant except length, color, or tone. In our program the same
principle is used in introducing new concepts, but instruction always
goes on from there to ensure that the new dimension, attribute, or
class is distinguished from others. Thus the child is eventually

taught to deal with abstractions under normal conditions. Informal
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nursery school teaching usually presents normal ("noisy") conditions
from the beginning, thus making abstraction difficult; but it seems

as if the Montessori method may go too far the other way in isolating
concepts. In any event, it appears from the present results that
Montessori-trained children do not do better on non-verbal tasks

per se, but only on non-verbal tasks that have a minimum of conceptual
content.

The differences in achievement in reading, arithmetic, and
spelling were sizable, although the Montessori children did not do
badly for four-yéar-olds, scoring at the first-grade level or above
on every test. By comparison, however, in another study carried out
simul“aneously with this one and covering the same time-span,
disadvantéged four-year-olds given the direct instruction curriculum
earned scores almost identical with those of the considerably more
privileged Montessori group, while disadvantaged children given a
typical nursery school program earned scores at about the .5 grade
level,

Only one child in the Montessori group could be said to know
how to read, scoring gbove the 2.0 level on both reading and spelling,
Thirteen of 18 children in the Academic Preschool scored at the
second grade level or above in reading, and four did so in spelling.
(The discrepancy between reading and spelling performance being
most reasonably attributed to use of the i.t.a. alphabet in in-

struction and traditional orthography in testing). s
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One possible objection to the results of this study is that the
Academic Preschool children received a type of training that merely
disposed them to do better on tests generally--to be more acquiescent
in the testing situation and to try harder, perhaps. Thus the Mon-
tessori children may have known more than they revealed. This objec-
ticn cannot be ruled out. To be sure, the two groups did equally
well on the ITPA pretest and posttest, but the Academic Preschool
children had already had six weeks of schooling at the time of the
pretest, so that they may already have acquired some of these favor-
able test-taking behaviors. From this it would have to follow, how-
ever, that the Montessori children were actually better in ITPA
abilities from the beginning. If one grants this objection, there-
fore it makes the achievement differences appear greater even than the
scores indicate,

Comparing the present study with the earlier one on disadvantaged
children, twc differences emerge. One is that for children from
language-rich environments, direct verbal instruction has little
impact on ianguage abilities, whereas it has a considerable impact
for disadvantaged children. A higher-level language program (one
that dealt with more advanced grammatical constructions, etc.)
might have an impact, but it is questionable whether it would be a
profitable use of instructional time. The other difference was
in reading, the middle-class children making far greater progress
than the disadvantaged children in the same length of time. This
issue was discussed in the preceding report. The implication for
educating middle-class children, however, is that reading seems to
come easily enough for four-year-olds that there is little reason to

delay it another two years.
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3.25 Summary

A direct verbal instruction program of seven months’ duration was
given to a group of 18 four-year-olds, chosen to be comparable with an
equal~sized group of four-year-olds who were zndergoing their second
year of education in a Montessori school. The Illinois Test. of
Psycholinguistic Abilities wes administered as a pretest and posttest,
and the Wide-Range Achievement Test as a posttest only. On the pre-
test, administered six weeks after the beginning of instruetion for
the direct instruction group, there was no significant standard-score
differsnce at the ,10 level, either in total scere or subtest. scores.
Total standard scores on the ITPA remained nearly constant for both
groups from pretest to posttest. Using pretest score as a covariate,
however, there was a significant posttest difference in favor of the
direct instruction group on the Auditory-Vocal Association subtest
and in favor of the Morntessori group on the Visual Decoding subtest.
There was, however, no general interactive tendency; instead of the
Montessori group doing relatively better on the non-verbal subtests
and the direct verbal instruction group doing-better on the verbal subtests,
the direct instruction group did insignificantiy better on both types.
The only discernible pattern difference seemed to do with amount of
information Processing required rather than with modality: the
direct instruction group did relatively better on tests involving
abstraction whereas the Montessori group did relatively better on

tests of simple recognition or memory. An a posteriori analysis,

using composite scores weighted on this dimension, yielded a signi~-

ficant difference.




» e

ety wti

ity

2

b bt
SARY

TR,

FitE et

pa e N R cxr s sty PRUASI AN eip i

STy

N

4
“
>
>
&
.
%
-

101

On the Wide-Range Achievement Test the direct instruction group
significantly surpassed the Montessori group in all areas. Mean
grade~levelscores for the direct instruction group and the Montessori
group, respectively, were 1.46 and 1.19 on arithmetic, 3.43 and 1.01

cn reading, and 1.72 and 1.25 on spelling.

3.3 Implications for Future Research in Early Education

The resezrch described in +this report has followed a familiar
segquence in educational program development--from exploratory
Studies tc the formulation of a coherent Program and then to the
testing of its feasibility and short-term effects. The next steps,
if this familiar sequence were to be pursued, would be to carry on
follow-up studies to observe effects of longer texm and to test the
program in different places on different types of children, mean-
while continuing to refine the brogram as new data or complaints
came in., These zre all important steps and we are, in fact, trying
to pursue them, as are numerous other People who are developing
early education programs.

The only trouble with this sequence of program development is
that development has almost no part in it. After a program has
bassed its initial tests of feasibility and effectiveness, it is
Pretty well set and any changes brought about through more compre-
hensive triais snd tests are likely to be of a trivial sort{ (unless

of course the results are disastrous and the program is scrapped--

but that is not development either),
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With projects of a more techriologically advanced sort, as in
electronics, development can usually proceed in an orderly fashion
even without comparative testing, although comparative data are
frequently helpful. Color televisicn sets get better and more
economical year by year without the need for extensive evaluative
research, because it is possible to recognize an improvement before
it gets out of the workshoo. The dimensions of performance for color
television sets are well eanough defined that it is evident without
compaying one set wiﬁh another in what ways each could be better,
and so progress depends primarily upon the continuous production of
feasible new ideas.

Tn education progressive develcpment is not so simple. New
ideas are relatively easy to come by (a fact little appreciated by
arm-chair innovators who think it a great thing that some enter-
prising nursery school teacher is experimenting with teaching
cnildren to play chess)., The problem is to find out whether any
innovation is a step forward or backward. To evaluate every new
idea under adequately controlled conditions is out of the question.

-

A group of uninhibited graduate students could produce enough ideas

in one afternoon to keep educational research busy for three hundred

years. Consequently, program development is guided largely by

force of personal conviction, and evaluative research is mainly of

use in helping consumers decide whose personal convictions to buy.
Early education is virtually driven to comparative research

methods by the absence of well-defined performance criteria. These

criteria cannot simply be crested by fiat or consensus. Let half a
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dozen television engineers examine the same TV set and they would
probably agree on the ways in which it could be improved. In fact,
they could probably agree without having to examine it, assuming
that there is room for improvement on all performance dimensions.
How these improvements could be brought about is another matter,

but not a matter for poiemical dispute. It is a matter for re-
search directed to the soluticn of technical problems. Let half a
dozen educators examine an on-going preschool program, however, and
one could expect many contrary opinions about what kinds of improve-
ments were reeded. An innovation that constituted an improvement to
one person would be considered irrelevant or retrograde by another.
Tn educational program development comparative objective evaluation
is a poor but inevitzble substitute for the kind of guidance that
would come from well-defined performance criteria. If a given
program yigélds poor test results in comparison with standard or
control-group norms, this at least indicates in a general sort of
way where improvement is needed in order to bring the program up

to the performance level of competing programs. But norms represent
a spurious standard. Although a program might compare favorably
with all others on a certain test criterion, it could well be that
all existing programs are seriously deficient on this criterion.
This is sometimes brought to light when comparison is shifted to a
different norm group. Thus in a recently completed international
study of achievement in advanced secondary-school mathematics
(Hartung and Foshay, at this time noted only in newspaper reports),
it appears that U.S. students as a whole perform well below inter-

national norms. Judging a mathematics project by U.S. achievement
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norms, therefore, cr by comparison with other existing U.S. programs,
would give a spurious impression of sufficiency.

As a supplement to normative testing, one can carry out con-
tinual testing of specific achievements (this, it should bhe noted,
is only possible in the unusual preschool program where achievement
objectives are rather precisely itemized). Such testing has at
least the advantage of showing whether children are learning what
is expected of them, but it does not permit any judgment as to whether
they are learning it as efficiently or thoroughly as might be possible.
On the assumption that some incidence of fzilure is inevitable, the
program developer would like to know whether the actual incidence
he observes is irreducible. On the other side, if it takes two
weeks for children to attain a certain criterion, the developer would
like ©o know whether this is close to the maximum limit of efficiency
possible, so that efforts at improvement would better be directed
elsewhere, or whether there may be a way of accomplishing the same
thing in a tenth the time, in which case it would be well worth-
while to search for a better way.

We suffer, in other words, from an almost complete ignorance of
limits and must depend on empirical judgments which may well be
far off the mark. By contrast, workers in technologically more
advanced fields can often derive limits from physical laws (limits
of efficiency for heat engines, limits on the amount of information
that can be transmitted through a channel, etc.). There iz at
present no alternative to empirical estimation of limits in education,
but there is virtually no effort being made to pursue this source

of information.
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A minimum requirement for obtaining empirical estimates of limits
f is that identical achievement objeciives be pursued by different
; means. In;tead, comparative studies in educotion almost invariably
do one of two things: they either compare approaches that differ
in both methods and objectives (the usual practice in curriculum
and program evaluvations, as illustrated in Section 3.2) or else
they compare sub-optimal variations on the same approach (the usual
factorial study, as illustrated roughly in Section 2.4). Neither
type of study provides even a crude first approximation to 1limits of
efficiency and level of attainment on specific criteria., A better
type of study can be easily envisaged., In it certain specific
learning objectives are set-~definite concepts, skills, or behaviors
to be induced, with explicit, cbjective criteria of success. Then
two or more program developers, following different approaches,
design and test methods of attaining these objectives. They dec not
stop at the first test, however, but continue to develop their
. methods, pirating freely from one another as they see fit, until
they reach points of diminishing returns or until the distinctions
between their approaches have been dissipated,

Although we are accustomed, from the results of global end-of-
= term comparisons, to expect small differences between contrasting
2 educational approaches, it is entirely possible that on specific
4 tasks the productivity of two methods could differ by an order
of magnitude.. The informational value of such differences is obvious,

but even where the differences were small, there would be substantial
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value in being able to observe what difficulties were common to all
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approaches and what ones were so-to-speak manufactured by the method.
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In this way progress could be made toward the defin’tion of technical
problems or difficulties, as discussed in Section i.D. Such studies
would yield information on a day-to-day basis rather than on a year-
to-year basis, as is the case with typical program comparisons.

If the advantages of this type of study are so okvious, one
might ask why such studies are not already being done. One r=ason
seems to be that educators can seldom agree on the most desirable
learning objectives. There is, however, no reason why they should
have to agree. It is only necessary for thew to agree that for

research purposes certain tasks would be of mutual interest. Pre-

sumably what was learned could be transferred later to work on those
objectives which each program developer. considered most worthy.
Another, more stubborn obstacle is that early chilchood educators
do not for the most part think in terms of specific learning objectives
at all. When educational objectives are framed only in terms of the
fostering cf various traits, attitudes, or aspects of develcpment,
there is no profitable way of aligning programs step-by-step and
part-by-part. Usually there are no steps in the curriculum and
although the curriculum may have parts, every part is related to
a number of different objectives. When this is the case, there is
not much to compare between programs cther than their ultimate
effects. In the resume of the exploratory studies (Sect. 2.7),
we argued that this global view of early education and intellectual
development is educationally meaningless. Here we may add u.e argu-
ment that, although worthwhile educational programs might be con-

ceived from this orientation, they lack the researchability that
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is necessary for them to develop beyond their original formulations.
-Globally conceived educationsl programs can be defended, and there
. is 1ittle doubt that they will survive, if only by force of tradi-
tion; but they have little to offer as vehicles for educational
2 research and development.,
Research in early education would do better to concern itself

E with specific learning tasks., Even if, in the end, it were decided

é that less structured, globally conceived programs were more de-
1 2
4 sirable for some reason, they would gain more from this kind of

¥ research than from research carried on within their own amorphous

structures and based upon their sweeping principles., In this re-

gard, it is hoped that the studies reported here will at least give
a start to the defining of learning tasks and task-related problems

32 at the preschool level.
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