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This essay.concerns the developﬁenc of cognitive and percepctual ski;ls
in children from birth to approximately age nine. Accordingly, we will survey
some of the issues, ﬁcliefs, and information that claim the attention oi
developmental psychologists who work on perceptusl and cognitive processes.
The survey will be selective rather thaa cbmp;ehensive because -of itcs
purpose: to be of use in dealing wich issues surrounding the edu.cation of
youngz, handicapped children. Within this seleécion we will begin with a
cénsia;}acion of relatively general issues, move next to a review oi develop-
meacalléhanges in more specific categories of behavior, and conclude with a
brief summary.

General Issues in Cognitive and Perceptual Development

In this section we will be concerned with four major issues on which
developmental psychologists divide. These issues represent current versions
of long-standing dispuCes: nature-nurcure, maturation-learning, continuity-
discontinuity, and critical periods. The issues overlap to a considerable

dezrea, but there is enough distinctiveness to warrant separate treatment.

Nature~Nurture

One of the intriguing aspects of the nature-nurture issue is that it
lends itself to misstatement. Such misstatement is exemplified in a question

like, "Is intelligence determined by heredity or by environment?" It is also

exemplified by the question, 'Is development caused by heredity or eavironment.

Paper prepared for the Confercnce on Early Childhood Education for the
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Tre first question is misleading because it iwmplies that some poriion of a
trait, in an individual, is determined by eicher heredity or environment.

In fact, the issue is to determine the proportion oi variabilicty in a trait,

across individuals, in the same population, under a specifiied range of

environwental conditions, that can be atcributed to genetic variability in

the population and what proportion can be actributed to variability across

the environment in which the population is found. The second question is
misleading for a very difierent reaéon—fic is not germane to tne issua.,

instead this question pertains to the secoad issue to be discussed here, namely,
that o° specifying the mechanisms responsible for development in general,

not ¢differences in development across persohs. i

Given an appropriate formuiation of the nature-nurture issue, it is
possible to specify the particular éspecté of it that are in dispute and those
that elicit substantial _consehsus'. To begin with a relatively c«nflict-
free aspect, there is little disagreement with the proposition that withim
well-defined populations (e.g., U.S. citizens of third-generation, northern U.S.
wnite parentage) variability in behavioral traits, such as I.Q. is partly
attributable to corresponding genetic variability. Instances of agreement
on this point are easy to come by. One such is the fact that within
populations, some groups of persons are designated as familially retarded.

It is important to emphasize that even in cases such as that of mental
retardation, an explanation of variability in IQ in terms of corresponding
genetic variability does not imply that the performances used to index the
trait are fixed and impervious to improvement. Obviously, persons who are
called retarded learn a wide variety of skills and the levels of periormance

they achieve depend importantly on learning conditions. Thus, the fact

that differences in a trait are substantially attributable to genetic

2




Q

ERIC

Aruitoxt provided by Eic:

variability does not necessarily imply chat there is a fixed ceiling oa

rn

performaince.

Anionz the unresolved topics surrounding the nature-nurture issue are
two that have provoked substantial controversy. One of these is largely a
resulc oz" the present paucity of relevant research. That is to say, the
hericability (proportion of behavioral varzation attributable to corresponding
genetic variation) of many, many behavioral :traits is almost completely unl;nown,
principally because the necessary investigations have not been made. Tie

n that a variety of
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wmethods have been applied to determine its heritability within populatioms.
sy comparison, virtually no eifort has been expended to estimate the
heritability of concept "learning or verbal memory or problem solving
behavior, etc. Thus, there are many gaps in our knowledge of the heritability
of behavioral traits but these gaps can, In time, be closed since there is
some considerable consensus about the methods appropriate for doing so.

In contrast, the topic in the nature-nurture domain that arouses the
moSt intense controversy cannot be managed in such a straightforward manrer.
In a series of recent publications, Jensen (e.g., 1969) has suggested the
hypothesis that differences between populations, as well as differences witnin
populations are attributable to corresponding genetic differences. This
hypothesis has stirred dispute at a variety of levels; there is little
consensus about the kinds of methods appropriate for evaluating the hypotiiesis;
aad, there is great disagreement about the content of the hypothesis. For
axample, the hypothesis implies that observed IQ differences between racial
populgtions, socioeconomic populationy, and other subcultural populatiouny,
nay be attributable to corresponding gcne.tic variability between thie populatious.

At present, it appears there is little chance that the problems raised by
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this hypothesis will be readily resolved.
What are the implications of tiie nature-nurture issue for those working
with children who, for one reason or another, are educationally handicapped?

.

One implications is clear, namely, that variability across persoas in periorm-
ance on perceptual or intellectual tasks is to be expectad. Apart irom this,

little else is compelling at the present time. Until and unless the many unresolved

disputes are clarified, the fact of indivicual differences may best be incorporated

into intervention attempts by providing a variety of averues for the achievement

of zay given set of objectives.
- o J

waturation-Learning

Onimost cognitive or pérceptual tasks that have been adminiscared to
children, the result is: <che older the child, the higher the .level oi his
perfofmance. The question is how is such developmental change to be explained?
One alternative is to postulate a psychological counterpart to physical growth’
processes, maturation, and to attribute increaéing competence to wmore advanced
states of growth. Another alternative is to account for all changes toward
nigher and nigher levels of intellectual and perceptual compeﬁence in terms
of the processes of learning, transfer and memory. Even though neither oi
chese alternatives is at present espoused in pure form by any substantial
number of psychologists, the different emphases they éuggesc are realized in
two of the most lively current approaches to understanding developmental
change.

When the emphases of these two approacles are stated generally, the
difference between them appears quite dramatic. Nevertheless, it is not a
simple matter to specify the difference in detail and to idercify it with
particular implications for practice. For the purpose of discussion the

positions may be identified with illustrative exponents: Piaget on the one

4




hand, and Gagné on the other. Ina Cagre's view (1970), the difference between
tiic position he has promulgated as the cumulactive learning wodel and that
expounded by Piaget is a striking one with in:gard to implicationms for

educational practice:

Ii growcn is the dominant thewme, educational events are designed
to wait until the chiid is ready for iearning. In contrast, if
learning is a dominant emphasis, the years are to be filled with
systematically planned events of learning, and there is virtually
no.weicing except for the time required to bring about such changes.
Gagné, 1968 (p. 178).
_Ostensibly, this difference is a profound one. But consider an exatple.
Suppose for some reason the periormance of accurately judging the numericail
equivalence of sets of crayons, however they are arranged on a table, is a
critical objective of schooling for five-year olds. Whether one were a
4 ‘ - . . . L3 I .
Gaganean or a Piagetian, he would agree that this specific objective is
attainable and that its attainment could be promoted by arranging a set of
environmental experiences appropriately. Adherents of the two positions
might well disagree about exactly what the set of most appropriate experiences
would be, but this could be settled by empirical test.

Thus we still face the question, How do the opposing positions difler?

Cne answer is that they differ in their interpretation of the meaning of

ijﬂ ‘ attaining competence on a particular specific task. Consider the case where
learning conditions are systematically arranged to promote the attainment of

a particular task performance by a five year old who would otherwise not have
attained the performance until age six or seven. 1In Gagné's view such a
performance has the same significance as it would have were it attained by

the child in the natural course of eveants. For Piaget, this is not the case;
instead, precocious attainment is regarded as being spurious in the sense that
it signifies only the ﬁascary of a particular bchavior sequence and not of the
ERIC 5
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uitderlying competence necessary for successtuily attacking tasiks oi tuis
kind. Thus, a Piagetian migit well expect that precocious achievement,
made possible through educational intervention, would nave litcle value,

or transier, beyond the particular learning accomplished. It would certainly

10C have the same significance as attaining the competence thirough the

normal processes of development. 1In coatrast, a Gagnéan would hold that
the transferability of learning engineered through intervention would be as
that of

ooeac as

learning that occurred in a normal setting, since the
involved in both cases are the same--they differ only in that tie one (inter-
veution) is more efficienc and sure thaw the other.
At present, this version of the maturation—-learning issue remains

unresolved. Obviously, however, it has critical implicatioms for educational

practice and especially for educational practice with handicapped children.

The question is whether or not it is beneficial, in the long run, to desiga
programs that will accelerate the attainment oi iqcelleccual pgrformance
objectives in young children 6r to let the overriding processes of development
take their course.

Continuity-Discontinuity

The continuity-discontinuity issue turns on the decision whether or not
to adopt a stage conception of the course of development. Examples oi such
a conception may be found in Piagetiar. theory and in psychoanalytic theory.
Since both of these theories give considerable emphasis to maturation &s a
major mechanism of development, it is tempting to identify a stage conception
with a maturational position and a cumulative conception with positions having
a learning emphasis. By and large, this would be an accurate interpretation
For example, a developmental theory having a learning

but it need not be so.

emphasis might well include stage conceptions that are defined in terms of the

6
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aormative kinds of eavironments to waich children of various ages ave exposed.
It might be postulated that tﬁe first stage is marked off by the very early
part oi iife, infancy, when the person's cnvironment consists largelywof

ais mother, followed by a stage defined by the immediate family, foilowed
again by a stage characterized by the increasing dominance of the peer
enviroumént. Thus, a decision in favor of a developmental theory that
emphasizes learning does not necessarily preclude the adoption of stage
conception of developmental progression.

One advantage of a stage conception is that it provides é SUMmATY of the
child's capabilities as he matures, presumably -allowing the observer, or the
educator, to make accurate predictions of wh;c ghg child can and‘cannot do
on specific tasks so long as he knows what stage the child has attained. To
take & Piagetian example, only if a cnild has attained the stage of concrete
operations will he be able to learn successfully to conserve quantities, like
aumber, spbsﬁance, volume, etc., when their appearance is transiormed.
Accordingly, it would Be fruitless cé expend educaciopal resources, and the
child's resources, attempting to engage him in the learning of school subjects
that require for their accomplishment the underlying competence described as
concrete operations. Thus, the implication here is that in order for educa-
tional experiences to be produ;tive, they should be designed to match the
child's developmental level, not to advance his developmental level.

In contrast, a continuity model of human development, like Gagné's
cumulative learning model, has the disadvantage that it does not provide a
general specification of the child's competence from which particular
predictions can be made about what he will be able to learn. This is
because the model explicitly assumes that he can learn virtually aaything,

at any age (apart from the limits imposed by physical growth) so long as he

04
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has accomplListied the necessary prerequisite learning. The implication here
is chat the educator must know what the child has previously learned not
what stage he is at.

Another distinction between stage and continuity theories deservés
special emphasis, namely, the assertion in stage theories that the character
of cogunitive processes at ascending developmencalflévels is qualitatively

different. In a continuity theory like Gagné's, the older child is regarded

as having greater intellectual power than the younger because he has learned

more and therefore possesses more rélevant past learning that can be
transierred to new :asks. It is this éapacicy for transfer that makes the
ol&ar cnild appear.c0 be startlingly more proiicient than the younger. In
the coatinuity positiom, this explanation is extanded to other kinds of
intellectual differences so that older chiidren, high-IQ children, dominani-
culture children, and so on, are distinguished from younger children, low-
IQ children, variant-culture children, in terms of what they have learned
previously. A stage conception of development, however, lends itself to
interpretations of such individual differences in terms oi qualitative
differences in the character of the processes that typify the learning and
thinking of various types of children at equivalent ages.

Let us conclude this section with an example of the impliéacions of a
stage position in comparison with a continuity position. Suppose one
objective of schooling for second-grade children was that they should be
able to design experiments to test predictions about phenomena that involve
the relationships among three or four variables. An illustration would be
the design of tests for hypotheses about why some objects float in water

while others do not. This is, of course, 3 very demanding objective for

8
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or a Piagzecvian position, he would expect that accompliisiing the objective would

ve very diificult incdeed. There are diifereaces, however, one being that a

Piagetiun position would lead to
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on that the objective could
teully not be attained in a satisfaciory way uncil the children were muca
more advanced developmentaily. To be wore specific, they would have to have
att#ined the stage of formal opera;ions before instruction could be effective

desigring experiments. The Gagnéan position,

[ 1]

in prowotiag the capability o
vy
in contrast, would be that some children in the group migat already have

met the objective, if they had completed thie necessary prerequiste learaing,

. and that the other children could meet it if the instructional conditious

were properly designed and tlie necessary prerequisite learning were accomplished.

Thus, a continuity position tells you little about what to expect of the chiig,

uncil you have assessed in considerable detail the previous learning he has
accomplished.

Critical Pecriods

The decision whether or not to incorporate the ﬁostulaca of critical
periods into a conception of the mechanisms of human cognitive devzlopment
has far-reaching implications. Roughly speaking, a critical period is a span
of time during which an organism must have experiences of a particular xinc

if he is ever to acquire certain later skills. Such periods are usually

located very early in the organism's life span. The reality of the critical
period mechanism has been relatively well-established for some particular
forms of behavior in some species. If it is valid for human development,

then of course, it becomes crucial to insure that children, at very young

ages, are provided with these necessary prerequisite experiences. 1In a very

ERIC 3
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influencial book, Hunt (1961) provided support for this proposition, drawing

on raesuits of research studies on animal behavior. The possible realicy o

[ 1]

cr.tical periods, thus, forms onc of the compelling bases for recommending
very early.formal control over tne learning enviroqment}

‘Despite its crucial importancz, however, there is, at present, no
substantial evidence to support the belief that critical periods arve involved
in the wmechanisms of human incgllectuah-developmenc (Thompson and Grusec, 1970).

vidence in

0

Indced, some devglopmental psychologists interprat the available
aa opposite direction (e.g., Elkind, 1969) suggesting ﬁhac early formal
instruction may retard rather than facilitate later intellectual development.
-Furthermore, ochér evidence can be viewed as implying that the earlier the
onset of formal.schooling, the more negative the eventual attitudes toward
school, especially among students from families of lower socioaconomic status
(Rohwwer, 1971). Thus, for the moment, the implications of the notion of

critical periods for educational design are negligible at best.

The Deyelopment of Séecific Perceptual and Cognitive Skills
In one sense, a great amount of research has already been completed on
the topic of the development of specific perceptual and cognitive skills.
Yet, in another sense, the research has produced only a small amount of

information that is directly useful at the level of designing specific

instructional sequences for special groups of children. Nevertheléiss, in
the amount of space available here, it will be impossible to provide an
adequate account of the relevant information; for additional amplification

on any of the topics mentioned, it may be especially profitable to consult

two recent reference works, Mussen (1970) and Reese and Lipsitt (1970).

ERIC 30
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The remainder of this rveview wilil be organized

kinds of specific skills: conditioning, porcepiual and discrviminacion

lewraing, transfer, verbal learning and mewory, and, concept learning. In

a crude scuse, the ordering of these topics is Tfrom simpler to wmiore complex

intelicctual swills, although thiose psychiologists who do research on so-cailed

Y

siwpler skills might dispute this vigorously.

We will follow hefe the common practice of distinguisﬁing two major kinds
of‘condi:ioning: classical and iastrumental. The first vefers to cases where
a s:imulus that initially has no power to evoke a resﬁonsa comes to <o so by
virtue of being repeatedly presented with a stimulus that already has the
power to evoke that respoanse. For example, a cone-éaﬁ come %o elicit an eye-
blink if it is repeatedly presentaed when a puif of air is blown at the ey,
The procedure for producing iqsc;umental learning differs in cha; the delivery
of reinforcenent immedia:ely following a respoase is believed te control the
responsae.

Xecently, both of ;hese forms of conditioning have been shown to occur
in very young'infanCS, as young as one 6: two days of age (Siqueland &
Lipsitt, 1966). fhe response under investigation was that of head tuyning,
It was demonstrated that repeated presentation of a buzzer along with tactilie

stimulation of the cheek resulted in head turning to the buzzer alore.

Similarly, the frequency of head turning was increased by delivering a

«

reinforcer, a sugar solution, after the rcspoase. Thus, the evidence sive
strong support to the notion that both these forms of learning, classical

and instrumental conditioning, are within the capability of the newborn.

11
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Just as both forms of condirioning are available avenues of learning

carly in life, sco they both persist into adulthood. With regard to classical

[¢]

onditioning, the evidence is not at ali solid abou; cdevelopmental changes.
There is some suggestion that the ease of conditioning increases i{rom birth

to about age four years, either leveliing off or decreasing tiereafter. Tae
tusk ahead for investigators in this area is a difficult ome since it is

not clear whether those age differences that have been observed are due to
capacity, motivation, or sensory thrasholds.

age trends that have been unearthed in studies oi instrumental conditioning

ar

[t

also rather sparse. There is some evidence that so-called symbolic
reinforcement (praise, toxens, etc.) is rore effective in promoting learning
the older the child, whereas material rewards are more eifective with younger
chiidren. A similar effect has been reporteé for the classification factor

-

of SES as weil, but in neither case is the evidence sufficiently strong to

compel belief. One developmental trend that does seem well-establisned is
that rélacad to the extent of generalization. The question is this: Once a
child has learned, through reinforcement, to make a response to a particular
stimulus, say a light of certain brightness, how different in brightness must
the light be before it will no longer elicit the response? A pronounced
relationship with age has been found, such that the older the child across
the range four to twelve years, the less the extent of generalization. Thus,
great care must be taken with younger children to insure that the response

they learn does not generalize to stimuli for which it is inappropriate.

Pavceptual and Discrimination Learning

Like most other intellectual functions, perceptual proficiency generally
increases with age. Proficiency in this domain is indexed in a variety of ways,

including prominently tasks that require the following: identifying a previously




have or nave not been made in stimuli on successive presentationis. These

indexes nave been used in research on perception in several diiferent wmodalities:

visual, auditory, tactile, cte. The results of an enormous number of stu

mawe fascinating, though very complex, reading.

Early experience (i.e., in infancy) has been shown to have some efiect
on later perceptual proficiency. A few studies have shown that earichiag the
s visual field contributes to increased perceptual activity. In
contrast to the enrichment studies, another method for studying the eifects
of early experience is that of deprivation. Most such work has been conducted
with animals but a small number of studies has been carried out witk human
beings. It has been shown, for exampie, that young children who have been
blicad from birth are less proficient in tactually perceiving and discriminating
shapes or forms than sighted children. Thnis result, however, has not been
confirmed for the tactual discrimination of texture.

One interesting line of research has concerned the child's ability to
Getect changes in the orientation of forms on successive presentations. Two

such transformations have received heavy emphasis: mirror-image, left-rigat,

ané mirror-image, up-down changes. In general, the results show that
left-right discriminations are very difficult indeed for children up to age
six, after which iwmprovement is rapid. 1In contrast, children as youang as
three and one-half years are proficient at detecting up-down transiormations.
Two methods for improving the young child's ability to detect left-vight
transformations have been shown effective. The first is to present the stimuli
simultaneously in a vertical array rather than side-by-side in a horizontal
array. Similarly, the performance of kindergarten children on the left-right
discrimination was measurably improved by a training procedure in which the
ERIC .. 13
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cnildren were required to move a lever ia the same direction as the erientation
o. che stimulius as it was presentud, Thus, iearaing a movement correlated
witii ciwc oriencation of a visual form improved periormance. - Such mechods

ure, of course, relevant to the design o nstruction to prowmote pre-reading

o other lines of research are especialliy relevaat

e

perccptual learning as it relates to reading. The firsc

Thi

distinguisn among the several members oi a set. For exemple,
letters are a set of stimuli in which certain features (e.g., curve-straight,
opcri-closed) are important for determining the identity of each wmemoer.
Research using this approach has shown that young children, up to ages o
approximately seven or eight,find the task oi discriminating such stimu

especially difficulc. One helpful procedure ior youanger children

of presenting series of complex stimuli that have some componeats iIn common

L.}

e

while allowing other componznts—-those that are not distinctive features--to

vary. The child's task then is to detect those complex configurations, 2.5.,

four—letter words, that do and do not share the common elements or features.
till another topic relevant to reading concerns the reputed tread

that youngar children are prone to attend to the whole rather than to the parts

of & visual stimulus whereas oldar children focus on the parts as well. Til.

is an important phenomenon, if valid, for the reason that it has been used to

P S
“ha

support the "look-say' approach to beginning reading. The problem is

the validity of the trend is in considerable doubt. Indeed, thz truth scems

more closely approximated by the assertion that younger children are less

‘ : 14
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v they distinguish paris o wiholes,

for learning, wmust be emphasized some-~
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sucl, as printed words, that are cr
how when they are presented to young chiléren, regardiess whether the features

- gm < 1Y
arae 'parcs

or "wholes."
Some recent research (cited in Reese & Lipsitt, 1970) seems to suggest
thot tihie increasing perceptual proficiency of children as they develop across

anning

[¢]

the range of 3 to 7 years, is attributable to increasingly systematic s
of visual stimuli. The younger children, as revealed by records of thneir eye
movements, characteristically fail to scan the contours and parts of visuai
stimuli in a comprehensive way, focussing instead on only a few portions of
the form presented. Older children virtually reproduce with their eye move-
ments the figures presented.

A widely known age trend in the domain of perception provides a bridge
to the second topic of this section, namely, discrimination learning. Tais
trend concerns differences in dimensional preference. The most promineat
example is illustrated in a task wnere the child is shown a target st:Aimulus,
a yellow circle, and asked to indicate which of two other stimuli, a yellow
square or a blue circle, is most similar to the target. His choice is regarded
as indicating a preference for either the form or color dimensions that
describe the stimuli. Much of the available data indicates that there is a
marked shift over the age range 3 to 8 years from color to form preference.
The shift is so complete that the older children almost never make color
choices. For young children, the ordering of dimensions from most to least
referred is: color, size, number, form; for older children it is: form,

color, size, number. Among older children, it has also been found that deai

childreun prefer the color to the form dimerfgfgn, whereas hearing children

ERIC
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exhibic a preference for form. pparent regularities in dimensionail

reference reporieé here, some caution is warranted in drawing concliusions.

. .

This is becausa of recent work showing that the preferences can be shiited by

) varying the difficulty of the discrimination required.
Dimensional preferences lead into a summary oi work oa discrimination
learning because the tasks used in this kind of research usually coniroat
children with stimuli that differ on the familisr dimensions just discussed.

‘ypically, the child is asked to learn which of two kinds of stimuli the

experimenter has designated as correct and which he has designated as incorrect.

Tae two classes may diifer in any one or more of several ways. Tror example,
"green" sctimuli might be correct, whetiier they are circles or squares. Given
such tasks, some investigators have found that the efficiency of performance

depends on whether or not the critical dimension is one preferred by tne

.

child;

P
(41

it is, he periorms well, if aot, he appears to learn very slowly.

Another factor that exerts pronounced eifects on discrimination learnin,

is whether or not the stimuli to be discriminated are presented successively
oz simultaneously. Simultaneous presentation substantially improves periorwence,
presumably decause the child can more readily compare the two stimuli and thus
Secome  sensitive to their distinctive features--the dimensions oa whicsh
they do and do not diifer.

Perhaps the most interesting age trend that has been observed ia studies ‘
of discrimination learning is that proficiency seems to increase and then to
decrease. TFor example, five year oids perform better than three year olds
buc chey also parform better than seven and nine year olds,and so on to college
age where performance is lictle better than for three year olds. Cne

interpretation for this trend is that the older the person, the less Likely

ERIC 16
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e is to believe the expoerimenter's description of the tasxk. Thus he spends
inordinate amouncs 0: fime attempiing to scive a proolem witea ia {act, aill
he must do is learn a discrimination.

ey a oane
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Oae 07 the main purposcs of transfer expeviments in developmental rescarca

Py

is to reveal what it is children learn in perceptual and discrimination learn-

a; tasks. For example, in one xind of traasfer method, transposition, the

-

Coesd first learns to discriminate betwoeen two civcles that dilife
Alter he comes to consisteatly select the lavger one, the two stimuli ace
cnanged so that the circle that was initially larger is now presentec with
another circle that is still larger. The questioa iIs, will the child continue
to select the same circle he has been choosing or will he select the larger
one”? The first xind of outcome is interpreted as indicating the child has
learned a simple connection between a particular stimulus and a response
wherezs the second is regarded as implying that he has learned a relatioasuip--
a kind of low~-level concept.

A variety of experimental paradigms have beep applied to the problexm

determining the age at which children characteristically learn relatioasaips,
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or coacepts, rather than simple connections. Some of these are: di

-

shift, transposition, and, oddity problems. The results of many of these

studies lend credence to the supposition that over the age range four to

aven years, children shift froam learning simple connections to learniag

n

concepts. Several different theories have been formulated to accoun:t for tais
shift but the problem is that conflicting empirical results have emerged, that
is, some studies have found little evidence that the shift from associative

to conceptual learning is a developmental phenomenon, concluding instead that

Q
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dimensions are usad. Nevertheless, at present, tihe predominant weight

of evidence, from a vavriety of tasks, favors the notion that the way children
learit uncergoes marked changes during the four to seven year range.

One final point must be made about performance on discriminatioa learning

b

and transicr tasks: when he is not given instructional assistance, the
young caild finds such tasks remarkably difficult. The tasks themselves
are ostensibly very easy ones, at least to the adult eye. For example,
suppose a caild is conironted with a scries of oddity problems. These
consistc of presenting three objects on each trial where two of the objects

re identical and one is different. Since a new set of objects is preasented

o

on cvery trial, the child must learn to choose the odd object. In one suchn
study only 10% of four year olds were able to master the task within 200

trials, whereas all of the sample of twelve year olds could do so. Thus,

e

t seems warranted to conclude that young children, especially in the presciioci
and primary grade range, need substantial instructional assistance ina order
to learn even what it is they are supposed to learn.

Verbal Learning and Memory

Typically, studies of verbal learning in children use tasks that require
the child to recite lists of words that bear only an arbitrary relation to
onc another. One such task, serial iearning, entails learning the exact order
in which a list of items is presented. Another task, perhaps the one wmost

.

often used, is called paired-associates. EKere the child is presented with

o

list of word pairs and asked to learn them in a way that he can remember the
second mcmber of each pair when presented with the first. These tasks wnd
others like them have been used to investigate a variety of issues recently,

some of which are relevant to our conceruns here.
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that is, in che absence of instructions to do so, to elaborate ihe maierials

n

osresaenced for learning. For example, suppose a child is asked to i

«

ideatity of a series ol pictures of familiai
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Wit its position on a table. The guestion is, when do children
sub-vocally rehearse the verbal labels of the pictured objects in orcer to
lecure? In a series of studies, Flavell (i970) has conducted oxtensive

anélyses of this issue with the tentative vesult that this kind of simple

actlivity emerges in the familiar four to seven year age range. 1Two wove complex

forms o mental activity believed to occur waen adults learn lists of paired
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associates seem not to occui, in the absence
beyond the age range with which we are concerned nere. These activities may
be Cescribed as verbal and pictorial, sltihough the exact character oi the
internal processes involved has not been identified as yet. When aswred to

learn a noun pair such as Iish-pipe, adults report thinking of a Iish smoring

a pipe, either in words or in iun
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activities are characteristic oi children's learning before the ages of 1z

Tven though younger chiidren appear not to eagage in these more Compiux
Zorms of elaborating verbal materials, many studies nave shown that the
eificiency of their learning can be dramatically increased by presenting the
miCevials in a form that incorporates an external analogue to the elaboratiom.
For uxample, noun pairs can be presented to children in the foram of scatences
(.-, T Lish smoked a pipe) or in the form of pictures displaying an
event iavolving both of the objects designated by the nouns in a pair. These

cthods of presenting material have been shown to produce dramatic increases

19
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fourteen yea

youager childre

u will, in order for
intellectual tasks.
With regard to memory, research to date suggests that the major ractor
rnmines remembering in adults also operates in children, namely, the
to which material has been learned in the first place. Suppose two
children have learned a list of ten noun pairs to a point where they can
correctly recite all the pairs at least twice in a row. Further, suppcse
that one of the children required thirty trials of practice in order to
reach this criterion whereas the other child required only ten. If both childreun
are ctested for their recollection of the list a weex later, they will
probably remember approximately equal numbers of pairs correctly, despite
the difference between the children in their proficiency at learning cthe
list initially.
At presenc,'ic appears that another major feature of memory in aduiis

is equally characteristic of childrea. Much of the forgetting experienced

by adults is actributed to interference from other material that has been

Lard

learned, either prior to, or subsequent to the material in question. nis
same kind of effect is observed in children, suggesting that care must

be taken to help the child distinguish clearly between successive sets oi
verbal items that he is asked to learn.

Concept Learning

Some of the research and theory related to the topic of developmental

changes in concept learning in children has already been reviewed in connaction
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wicth the topic of tranmsier. Accordingly we wiil restrict our attention here
to issues that arise in connection with the learning of more complex concepts,
especially those kinds that have bean studied as a result of Piagetian theory
and observation.

The most popular of tne tasks used in recent research on developmentai
chanzes in the learning of complex concepts are the so-called conservation
tasks. A wide variety of these tasks has been used, differing in materiais,
procedures and especially in the caaracter of the judgments the child is
asked to make. Most such tasks, however, share the aim of determining when
children become capable of judging quantities as equivalent even thougn the
macerials differ in ome or a number of other respects. An.example {rom the

ive

(41

conservation of number is the task of deciding whether two sets of

(4N

i

£

objects are numerically identical when the objects in one set are ely

separated and the objects in the other are bunched together. Research to

date seems to suggest that the capability of judging numerical equivalience dGces
not emerge until about age six, on the average. Equivalence judgmants for
other kinds of quantities appear to de even more difficult as the Iollowing

age estimates indicate (Reese & Lipsitt, 1970): mass, length, and area—six

to seven years; weight--nine years; volume--cleven to twelve years.

There is considerable dispute both about the ages at which these skills
emerge developmentally and about the mechanisms that account for their
emergence. Piagetiap theory emphasizes the necessity that the childé actain the
abiiity to engage in concrate operations, including those of class iaciusion
and réversibility, before he can accurately make equivalence judgments. Other

theoretical approaches emphasize dimensional preferences and developmental

changes in the child's inclination to attend to these distinctive features
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of materiuls. Still other approzches, suca as Gagne's postuiate the accumulation
of specific prior learning as the mechanism whercby the ciild comes to “conserve"
quantity. Fipally, some thieorists regard the observed age trends as

. - . 'Ché - - PR T
actributable to changes in/tendency to use language as a ool of thinking.
Whacever the interpretation, research resulis in this area, as in others we

have reviewed, suggest that young children {ind comcepti learning and tasks

trhat require the combination and manipulation of concepts to be extraordinarily

Since most of the implications of the theory and research we have
reviewed here arce very specific, it is proLably not fruitful to formulgte
a summary statement of them. Instead, some frankly loose generzliizations
may be ofifered by way of concluding the essay. It is obv.ous that massive
changes occur in the child's intellectual capabilities over the rasnge from
birzh to nine years. Specifications of the exact ages at which the maay changes
emerge, nowever, have not yet been completed. One of the reasons for this is
thet children of the same ages differ Zrom one another in a large number of
ways; another reason is that the child's capability seems to vary substantially,
depending on the way any given task is presented to him. Finally, two
characteristics of children's intellectual performance are truly remarkable.
The first is that they learn from systematic experience at very young ages
indeed--from birth oaward. The second is that tasks routinely regarded by
adults as relatively simple, and therefore expected of children at early
ages—tasks such as reading and arithmetic, require capabilities that many
children seem not to achieve with ease until rather late in the age range.
Thus, young children need substantial assis..nce if we continue to demand

these rather herculean achievements of them.
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