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Experizents conducted to find ways of teaching two

and three year olds mathematical concepts were found to have general
implications for concept learning. The failure of an initial attespt
to teach the concepts "fat®™ and "skinny" led to a design of
instructional procedures that would utilize a concept’s name while
trying to teach its semantic content. A study of variant procedures
used to teach the concept "round" emphasized the importance of verbal
representation, and a final experiment, designed to teach "square,"
was performed to determine whether linguistic or concrete referential
contexts vere more important. The results supported the linguistic
approach to semantics rather than the psychological: the relation of
vords to other words appears more crucial than the relation of words
to things. Preschool imstructional approaches should consider the
communicative context of experiences as well as children‘'s direct
experience with materials. (DR)
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The concepts, "fat" and “skinny,’ "round” and “square,' were
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‘wehicles in a search for ways to teach two-and three-year-old children

mathematical concepts. Originally this search was directed by some

NPT LR P

ideass about modes of representation proper for fnstructing children at

headds 2

*: ‘particular developmental levels. . These ideas were based on Bruner's

v oasa st Ao

(1960, 1966) theory in which he describes ‘three forms that cognitive
maps of the world may ‘assume — enactive, ikonic, and symbolic. ‘
The cenactive: mode encodes events in terms of action; the fkonic

~ mode in terms of images; and the symbolic mode in terms of arbitrary
systems such as lasnguage. Bruner (1960) has advanced the notfion that

concepts.-in a new area are best learned if instruction follows the

developmental order of the three modes -- (1) énactive, (2) ikonic,
(3) symbolic. Applied to teaching extremely young children whose

o " semantic systems are still fairly rudimentary (McNeill, fn press) this
theorétital position could imply first, that enactive snd ikonic -
representation makes possible instruction in more advanced concepts

than would otherwise be possible at a given age and, second, that once

language has developed to a sufficient degree, verbal concepts may benefit
from prior training in their enactive or ikonic forms.
Tecaching "Fat" and "Skinny" _
The first study vas an attempt to develop an.insfructional '
P sequence for teaching two concepts of intensive quantification -- "fat"

’ 6 and "skinny." 1In the inftial phase, which took the form of a
O . classical discrimination learning experiment, twelve three-year-old
-~ children at.tending the Children's Center (described in more detail
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later) were required to discover under which of two cans or boxes a raisin
had been placed. When the concept to be learned was "fat" the raisin
vas alvays under the container with the larger dismeter; when “skinny"
was the concept, the raisin was to be found under the container with

the smaller diameter. To find the raisin consistently, the child had

to induce the quantitative concepts from ikonic and enactive informatiom.

Seeing the cans allowed a visual image of the concepts to be forméd,

vhile t.h; act of 1ifting up the cans to look for raisins provided the
| material for enactive representation. In the initial instructional
- sequence, the two cans were exactly alike save for their dismeters.

Thus, the stimulus situtiqn wvas simplified to the maximum extent.

Since the materials were maxisally sbstract or noise-free 1nformationally, “1

the child presumsbly had to do a minimum amount of mental abstractioa

to learn the conceptual principle.

Half the children were taught using the minimum number - of

exsmples to define each concept unambiguously. The other half of

the children were slso presented with an oxtfa example of the concept.
What this meant in practice was that one group received two examples of

the concept while the other group received three. A single example

11ke thts +[ | n.° leaves the principle smbiguous: the left one

eould be correct either bocf:uun of relative or sbsolute size. A
+ 0o
pair of examples like this : resolves the ambiguity in favor

+ L - .
of relative diameter; . _it%hs offer no additional

Momtioh from a loéiul point of view. The question was whether
they would do so from a psychological poiat of view. The examples
were intermixed and the order was basically a random ome. The day




after the preseatation of a given concept was complete, the same concept
was presented in & verbal form. Visusl fnformstion was still preseat -
the child could see the pairs of stimuli -~ but now the child was told:

"pst this block in the fat csn® or "Put this block in the skingy can.” The
conceptusl problem is now & deductive one: to learn to spply the gemeralis-

ation "fat” or "skimny” to concrete situatioms. The ensctive eclement is

gone, for the child o longer msnipulates the stimuli. The sequence of
problems in nrbol fora vas to serve as & posttest to sssess the .u.én of
the nonverbal training procedure. |

" This study has been described in detsil just sufficient €o
preseat the results that are relevant to the other studies im this project.
The main outcomes was that the bssic nonverbal trainiag procedure was
a complete flop; o;ly ose child out of the twelve mastered the first and
simplest lesraing sequence to the criterion of eight éorroct in a row with-
in'the ﬂm m—m trisls or twelve tn a row thereafter.

Despite this failure, it was decided to give the verbsl posttest
sayway to see what could be lesrned from it. Applying the same criterion of
eight in s row to the eightesn items of the posttest, ten childrem out of
twelve met the criterion for ome or both of the concepts "fat” end "skisay.”

As far as the extra exasple was concerned, it seemed to have &
negative effect on lesraning. Those children wvho were given an extra instamce
of the two concepts fared worse in their sbility to apply the corresponding
verbal labels "fat" and "skinmy" on the posttest. Accordiag to sn snalysis
of varismce, this finding attained the .05 level of statistical sigaificence.

If verbal concepts are the ultimste pedagogical ﬁl, then
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purely nonverbal means appear, at best, very inefficient, sccording
to these results. Many studies have shown that verbal labels d1d
in the discovery of solutions to nonverbal concept attaimment problems
and a large nmber of others have indicated that verbalization makes
conceptual principles more transferable to new situations. Yow studies,
however, have addressed themselves to demonstrating the value of

. formdlating the conceptual problem itself in verbal terms.

Reese's (1966) study of intermediate size discriminstion and
transposition is directly to the point here. One group of children from
34 to 63 months of age was told during training that the reward was -
under the "medium" stimulus; another group was told nothing sbout |
vhere to find the revard. The first gvoup learned the initisl
discrimination fuur and transposed the principle to more new anplu
at varying dutm from the original pair, even though the conupt

“medium” m no longet labeled for either group during the trmpoution
tests.

If one thinks of the command "Put the block in the ‘fat’ ome"
'u a verbal rule to obtai;\ raisins, then Wittrock's (1963) experiment

on learning by' discovery is relevant, for he found that explaining the

- | rule for dcciphoring sentences, then letting students use the rule.

e T TR

to work u'.plu, produced more learning, retention, and transfer of
deciphering ability than simply letting students figure out examples
without first being given a 'rulo. The original learning, moreover,

E ' took twice as long on the average vhen the rule was not given.

As far as the number of instances optimal for learning a comncept

is concerned, these results are in accord vith those from other studies
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indicating that more concrete examples of a concept more often impede
learning than help it. The literature in tbic-ataa could perhaps
best be synthesized by saying that examples must be learned gg}l to
be of use and that a bilance must be maintained between memory load
and Marascuilo

and complete definition of the concept (Amnstegf 1965; Stern, 1965).
Where a concept is difficult for the person learning it for any of a
number of possible reasons, a small number of instances may be most

. and Marasscuilo .
favorable to learning (nstex, 1965: Marascudo and Amster, 1966).

These considerations led to designing instructional procedures
that would utilize a concept's name while trying to teath its semantic
content. The adverse 1nfluence of the additional example of "fat"
and "skinny" cans probably stemmed at least in part from the fact
that all examples were presented before any single one was mastered.
For this reason it was decided that in future teaching procedures,
mastery in applying the concept within a particular concrete situation
would be fequiaite to going on to a new situation. Exambleo beyond
those required for complete conceptual definition were also to be
abandoned.

A comparison of methods for teaching the geometric concept ¢
"round" was the next study in this project. | All the methods used
were built on these lessons lgarnod from the study that has just been

dccctibcq.

Teaching Round”
Granted tgat at least some verbal rules are called for when
vorking with three-year-olds, one question still to be answered vas
how much verbalization to introduce and at what stage in the learning

process. A second question involved the forms of action that are
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most ptoducti.vc for conceptusl lesrning. The study on teaching
"gat" and "skinny" demonstrated that mere mipulation of objects
exemplifying conceptual relations hips is not sufficient. The Montessori
method -qhuizu a certain type of action m_ﬁc so-called "oclf-tccchm"
materials (Montessori, 196_65 . This type of Iact.i.on consists of -
| untpniction with corrective feedback; an exsmple is the action

involved in fittgng puzzle pieces together.

Three teaching methods were compared. " All involved the same
sequence of stimulus displays. In each display the child was asked |
to pick out the “eound" one. Round sometimes meant a piece of vood',

a hole, or s cup. The displays 1nvo_1vcd two or three stimuli; and
"round" was conttccccd with trionéulat, square, kidney-shaped, and
‘hexagonsl. Sometimes shape was the only variable; in other displays,
colo'r vas introduced as sn irrelevant varisble. The displays were
arranged from easy to hard on an a priori basis.

In all conditions the child was told whether he was tight. or
wrong and induced to correct an incorrect response; " he also was
revarded vwith a rcicin vhen right and lost ome when wrong. This
reinforcement or feedback procedure was designed to maximize l.ccrning for
cll. chudrcn. and it was based on the results of a number of different
studies. One, by (eyer and Siidhn (1960) hds: shown that young
children learn best if they are given éxplicit verbal feedback on
both right and wrong respunses. Gol.l.in (1966) and others have
demonstrated that, once a wrong rccponcc occurs, learning is enhanced
1f the chi.ld" is allowed to correct himself. _¢dgler, (Zigler and De l.lhy

1962) has shown that lower class clﬁldron do relatively better on

o N TR
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learning . tasks vhen rewards are c;':nctete) whereas middle-class children
respond more to v.etbal feedback. Both kinds of reinforcer was there~
fore used in tﬁu st.udy. In terms of contingencies,_{“lur (Eisenberg, 1966)
has demonstrated that lower-class children tend to te satisfied with
"partial" reinforcement and that ‘they will not necessarily try to solve
a problem in order to be correct 100X of the time unless reinforcement h |
on an all-or-_mige basis. One way of approximating this situstion 1s to
take away concrete rewards wﬁen wrong responses occur. The feg‘dback
procedure described above 1ncorp;)rit¢d all of these expethally
tested features. | _ '

The first m-tru.ctioual condition consisted of the label "r
(used by the teacher) in conjunction wvith t& chidd unipuhtiﬁg the
qtimnli. with coi:reci:ive feedbpck of t.l_m Honteuogi type. The second
method vas identical, but the chfld manipulated the stinuli without
rqceiving any corrective féedback.for his action. In practice, t.th
Mt that, whereas in the first cond..it.ion the round stimulus was the
only one that could fit womewhere. (for example, into a round holp),
An this cgndition | any stimulus would fit into the large oval hole
where the child had been asked to place the “"round" ome. The thtrd

- condition was just like the first, except the label "round" was not

used until the beginning of the second half of the training. Up to
that point the child was merely asked to f1nd the one that "fit," e.g.,
a plece to fit a hol..c. There vas also a control gfoup who received |
n; training.

There were sixteen children in the study ranging from two to’
three years of age. All t.ln children wese gim a pre- and post-

test, vhich were ;I.dcnt.ical. Half the test dicphyc concictod of new
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stimuli, that is, ones not used in tﬁe training, while the other hglf had

been included iﬁ the training. Half the transfer items used the verbal

concept "round" in the instructions but: provided no action feedback,
where#s the other half provided only action feedback. Siﬁiiarly, the
test items which had been directly taught were of these two types. ' The

' items on the test were randomly oraered and the children were not informed,
either verbally or with raisins, as t§ whether they had given a correct
answer.

Although allithree.pf‘the training groups showed more positive
change from pre- to post-test than did the untrained control group, the
effect of training on the total test or any of its component parts was
not statisticalfy significant according to an analysis of variance,
If is interesting fo note, however, that the largest difference between

. the control and training groﬁps'occurred with.respect to improvement,"

" on the éérbal £rénsfep items which, it will be remembered; provided no
action feedback. - Similarly, the differences between the changes pro-
duced by the various training methods were not large enough to be statistic;
ally significant,.either for the total test or for any of its parts.
Again, though, the largest gain occurred on:the verbal transfer items and
was made By the children whose training had consisted of'manipulafion with
corrective action feedback, as well as labeling throughout.

 Since the results of this study were largely negative, its main use
was as-a pilot to the next study to be described.<
Te;ching "Square"
The "round’ study suggested that if correct referential use of
the descriptive term "round;" especially in new situations, was the

ultimate goal of training, then "manipulation-with-corrective feedback
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plus labeling" might be the best method. The techniqués for teaching Ygquare"
vere, consequently, all based{;n this méthod, although the sequencing was
improved to reflect tﬁe order of difficulty that had emerged from the earlier
data. | |

The principle duestion which this study asked was exactly what
should the teacher‘say about the concept to be taught, granted the
fact thﬁt some sort of verbal representation was critical. The
hypotheses were derived as much from linguistic theory as from psycho-
logicéi theories of concept iéarning.

Psychologists geherallﬁ.stresg the relations between word and
referent in their treatment,of the developmeqt of word meanings.

Linguistic discussions of word meaning, in contrast, revolve around

the relation of words to other words (Olson, 1968). The experiment

on "fat" and "skinny," just described, indicated that increasing the
. nqmber of referential relations of the word in question can, under
some circumstances, #ave an adverse effect upon learning the concept.
But wha; about increasing the number of verbal relgtians? How does
.variation in verbal context affect conceptual learning ? The " "
the concept, >}iare, L

particular way in which this question was applied to teachingbtwo- and ;
. i

three-year-olds &.amésqﬂme" was derived from some Russian
work on the effect of a variety of verbal and action contexts on very
early vocabulary learning. In one study by Kol'tsova (Razran, 1961),
twéhtyﬂmonth-old children were presented with a doll 1500 times.

Half the children were presented the doll in three contexts: "Here is
a doll," "Take the doll," and "Give ﬁe the doll." The other half
were epposed to thirty different contexts: the same three plus oéhezd

c ' like."Rock the doll," "Feed the doll,” and so forth. The test was to




“pick a doll" out of an array including the experimental doll, other dolls,
and other toys; the children vere to learn the range of reference o0f the
vord "doll.” Those children who had had the experience of thirty different
contexts were more successful in discriminating dolls from non-dolls and they

elso responded to the task more quickly. Thus, the variety of verbal and

P

action contexts in which a word is placed has a positive effe:t on learning
its referential meaning, independent of the variety of concrete referents in 3
vhich the vord is associated. .
" In another experiment, Kol'tsova (Razran, 1961), using nineteen- 3
month-c’¢ children, showed that the variety of contexts in which a word .
is placed is more effective in teacﬁing the meaning of that word than is
an identical amount of variety of referents or concrete examples. In
this study, the children were taught the meaning of the word "book" in
one of three ways: (1) using one actual book and thé word "book" in only

one lentence,.bith one corresponding response on the part of the child;

(2) using one actual book but placing the word "book" in twenty different
sentences, with'tuanty different corresponding respbnses on the part of

the child; and (3) using twenty different books with the same oingie sentence
and response used in method (1). The test was to "pick a book" in an array
of books and other toys. The children exposed to the twenty contexts did

the best; the children exposed to twenty books did next best; and the group
exposed to oae context and one book fared very badly indeed. Olson (1968)
concindes from this and other evidence that "semantic mesning is advanced more

by the definition of words by words and by using words in an appropriste

ERIC
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lisiguistic context than by exposure to the referents." In terms of
education, éspecially compensatcry education, this conclusion would
favor methods emphasizing lingristic rather than experiential enrich~
ment. Beré;Cter and Engelmands (1966) academically-oriented preschool
éﬁr ve;y deprived children is one example, as Olson points out.

Although the evidence points to the value of a variety of
linguistic contexts on the 95?99;“? gide and a variety of action contexts
on thg_responée'bid; In)teaching conceptsﬂéf.éil”éétts;.expgrinental
;;;k has been restricted to object names; no cne has investigated this
variable in relation to learning analytic or attribute concepts. Tﬁe
study to be described assessed the effect of variety of context on learn-
ing the meaning of the geopetfic term ''square."”

The role of verbal contrast in fostering conceptual learning
was the othgr issue taken_up by this study. The discussions of
Brown (1958), Werner (1948), and Vygotsky (1962) s;gg.st that "true"
concepts are a synthesis of discrimination and generalization. In
terms of the stimuli or examples of a concept given in a learning
situation, this principle is tacitly assumed: the learner is exposed to
both positive and negative instances of the concept in question.

Within 1linguistics the role of contrast is more central and more
explicit in its relation to language learning. On the phonological
level, for example, the functional sounq units, phonemes, are
traditionally definéd by oppositional pairs. When a difference between
-phonetically similar sonnds can make a difference in mganing, then

the linguist knows these sounds belong to different phonemes. For

example, the existence of the pair of words "pit" and "kit" is proof that

.J
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/p/ and /b/ are two separate phonemes in English. This kind of

contrast is postulited to be as imnortant in original language learning as in

technical linguistic discovery. Clearly the contrast case defines the
boundary of the phoneme concept and thus is as crucial to its precise
definition as the positive instance is. From a logical point of view,
this is true of anv concept. The function of contrast in conceptual
definition is but another way of affirming Van de Geer and -Jaspers'

idea that "having a concept implieg that one has more than oné concept ;
it.implies a conceptual system"(1964, p. 149). In perception,we know
from the work of Garner (1966) that the array or contrasting items in
which a particular item is found is critical to its identification.
There are indications from work in West Africa (Greenfield, 1966: Price-
Williams, 1962) that éhe nature of the contrast cases can be critical
in detérmining whether or not a certain classificatory principle is
brought into play at all and that this is more the case the less various
classificatory principles are integrated into a single unified system .
Similarly it is clear from the work of Lantz and Stefilre (1964) that
the value of a particular linguistic encoding for identifying or
remembering a stimulus dencnds on the array in which the stimulus is

foupd, or more accurately, on whether there are contrasting ways of

encoding the other stimuli in the array. 1Is it also the case, then,
that the ease with which a conceptual label can be learned and applied

to concrete examples depends on the existence of contrasting terms

to denote the contrasting stimuli in the arrav? This question has never
been asked experimentally. Bereiter and Engelmann (Osborn, 1969) have,

nevertheless, exploited the idea of a system of contrasting terms in
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teaching dieddvantaged preschool children, for they present attribute
labels from the outset in the company of their polar opposites.
Ciaparﬁde (Olson, 1968) proved experimentally that dissimilarity leads
to awareness. if contrast along a superordinate dimension is the
essence of a conceptual system, then the embedddng of a single concept
within a larger system would be requisite to conscious awareness of
that concept. This line of thinking leads Vygotsky to the conclusion
that"a concept can be subject to consciousness and deliberate control
only when it 1s part of a system" (1962, p. 92). Thus, one might

hypothesize that contrasting terms would be of value not only in

promoting the bare learning of a particular concept but also in fostering the

sort of conceptual knowledge which could most readily be put to use by
the learner for his own purposes. |

The study to be described incorporated contrastive terms into
the correction procedure and tested the value of doing this for teaching
the neaning of "square" to two- and three-year-olds. The particular
contrastive terms used were therefore dependent on a particular child's
errors and on the stimulus array. The way in which this worked in
poactice wili become clear when the teaching sequence and procedure is
described in detail.

The Children

All the children in the study were attending the Children's
Center in Syracuse, New York. The Center, organized and run by Dr.
Bettye M. Caldwell, is a school for €hildren fromthe age of six months

until kindergarten age. Children attend school every day for either

a full- or half-day. The Center is for the enrichment of lower-tlass
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children, but about one-third of the children are from middle-class
omes. The project being described served as an experimental
supplement to the gegular program, described in detail by Caldwell,
(Caldwell and Richmond, 1967). It contrasted with this program in that
instruction was given individually rather than in small groups.

The children in this stﬁdy vere drawn from the-two-classrooms
containing the age span f;dm two years, six months to three years ten
months. Because of the small aumbers available there was in fact mno
sampling. All the children availgble for the duration of the study
were used unless they had a sibling in the study or already knew the concept
"gquare”as evidence& by a perfegt score on the pretest. Four childreﬁ
a;tained perfect scores; their average age was three years, seven
months. The average age for the eighteen children in the study
was three years, 1 month. This contrast in age indicates that the
concept was in fact developing in the group as a whole, although not
at the same rate for everyone; there were children of exactly-the
gsame age who made errors on the pretest.

_ As for the social makeup of the groups, three of the four who
had the concept-at the outset were middle-class white children. The
fourih was a lower-class Negro. TIn the group who failed to achieve a
perfect score, only two out of eighteen were middle-class, one yhite ~
and one black. Of the remaining'sixteen lower~class children, teﬂ
were White and six were Black. Thus, class background made a big and
statigtieqlly significant difference in initial level of kpowledge of the

concept (Fisher Test, p. <.05). Putting this finding together with

I?.
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the first one, we may conclude that, on the whole, middle class’
children were developing i the concept "square" as they grew older

(within the age range of the study) , whereas lower-class children

were not.

Design of the Study

Eighteen children who did not. demonstrate perfect knowledge
of the meaning of "square" on the pretest participated in the study.
The total group of eighteen children was divided into three age
levels. Within a ;giwven level, children were randomly assigned to
one of the five groups comprising the study. One-third of these
children vere in a control gvoup. These children were nct taught
the concept'hquaref.but they were given the "square" test twice --
at the same interval as the tweive children who were exposed to one

of four types of experimental teaching.

All four groups who were exposed to some form of experimentai
teaching received the same sequence of instructional materials |
presented in different ways. Basically all these children were
given'practice in picking out the square stimulus from arrays which
became increasingly difficult as the instructional sequence progressed.
The procedure and sequence are described in detail below. The word
"square" was used in every 1nstruct1ena1 condition, and ehery child
handled the square stimuli with corrective feedback at least some of
the time. In other words, all four teaching methods were variants

what
on/the "round" experiment had shown to be the iost promising approach.

Cooncnn e L0
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The first variable was variety of context. Half of the twelve
children were breseptad the word "square" in a sin31e~verba1
and action context. For example, if the task was to find a piece
to fit a squére hole, the child would be told "The square piece
just fits in here(teacher pointing to hole). Can you find it
and put it in?" The other half of the children were presented
the word "square" in multiple verbaim:;ﬁéé;égt'iﬁaﬂéﬁﬁiéﬁuent}y
manipulated the square stimulus in a variety of ways. For
these children, eight of the twenty-thréeitnetructional arrays
were presented using the type of instructional sentence just
described. But two other types of verbal contexts were also
1nttoducéd: "put the square piece in this can." and "Give me
the square piece." The corresponding action contexts are clear,
but it should be noted that éhey {nvolve no corrective feedback;
any pie;e {n the array would "fit" equally well into the can or

the teacher's hand. These two contexts appeared eight and seven

times respectively in the jpatructional sequence.

Each of the two {nstructional groups was also divided in
half according to the type of correction prodedure used. For
half of each group the correction procedure involved labeling
the shape of the stimulus that had been wrongly picked. This
was the "contrastive terms* gpoup; The other half of the group
was corrected the same way except that the contrastive label was
omitted. For example; a child iz presented with an array con-
sisting of a square piece, & round piecgjand a square hole; and
he is told "The square piece just fits in this hole. Can you

find it and put it in?" He responds by choosing the round piece.

A A ml
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If he 18 in the "contrastive terms" group, he is told® '"No, .this
one(teacher points to it) is round. This(teacher points to it) is
the square one. Can you put it in?" 1If the child is not in the
"contrastive terms" group, ?ﬁ,?’ simply told "No, this(teacher

points to it) is the square one. Can yousﬁﬁg"it in?"

Thus, four instructional groups are generated. They can be

described as follows:

Group 1: the word "square" is presented in a variety of
verbal contexts, and errors are corrected by using

a term contrastive to "squarej"

, is presented
Group 2: the word "square'Xin a variety of verbal contexts,

and errors are corrected without introducing any

oontrastive terms.

Group 3: the word "aqdare" is presented in a single verbal
context and errors are corrected by using .a term

. contrastive to "square."

Group 4: the word "square" is presented in a single verbal
context and errors are corrected without introducing

any contrastive terms.

Procedﬁre and Instructional Sequence

Jesting the concept '‘square",
All the children except one(who was added to the study later

because two children stopped coming to schocl) were given the

sqgare"preteot individually by one of the regular teachers in the
school whom the children all knew. The one exception was tested
by the author. The same form was administered as a posstest by

the author. The procedure was the same both times. Eight of the
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twelve children who were taught the meaning of 'square' were reéested
the day after their training was completed. ~ The maximum interval from
teaching to posttest was eight days. The control group was re:esteq
at the same time. '

When a child arrived, he sat down at a little.table with the
teacher-experimenter and was told 'We are going to play a little game.
When we're all finished I yill give you this cup of raisins."” A little
cup of raisins was then put on the table within the child's sight but out of
his reach. Raigins were necessary for the posttest in order to avoid
a letdown after the teaching phase in which a raisin was contingent upon
correct responses. The reason for using material reinforcers as well as
verbal feedback Bas alreédy been discussed! But if raisins were to be
given on the posttest, it seemed better also to provide them on the
pretest,so that improvement from pre- to posttest could not be attributed
to the differential strength of the two reward conditions.

Followihg this introduction, the child was given a warmup task
in which he was given practice in taking the test without having to

disc fg ng;e shapes. A 1/4" thick black wooden oval frame like this

,} * was set out on the table alcng with a 1 7/8" square pilece
4 .

of the same thickness taken from the Playskool Form Board and painted red.

The child was asked "Can you put this piece in here?" (the frame) and
he was praised when he did so. The test proper then began. It
comprised seventeen items arranged in a random order. In each one
the task was to pick out the square element from an array and place

it in the frame which was large enough sc that all items fit equally

well. The seventeen arrays varied along several different dimensioni)

ARG
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as can be aeen’ftom Figure 1 in which the test is pictured. One dimension
~ was Ehe form of the object from'which-the shapes had to be abstracted. The
form was either a flat shape, like the square piece just described, or a hole
of the same size and shape set in a black frame, as in Itém 1, or a cup,.
as in Item 2. Similar objects were used for the contrasting shapes, like
“round" ;nd “triangular." . A;ghigd_ygz;gklg-of the displays ;;s color. In

some arrays, the various shapes were all the siﬁgwéélors. In others, they

wece different. A fourth variable was the particular shapes with which

square was contrasted. Altogether, nine other shapes were used, ranging

- N
P

from round to cloveileaf. How these were distributed throughout the test

should be clear from Figure 1. Finally, some of the displays (humbere 4;

11,112, 13, 16 and 17) later appeared in the teaching materials, while all

the rest (numbers 1-3, 5-10, 14-15) were to be found only on the test.
As for the mnt;rialo, all the two-dimensional red ohabee and black

! holes were adapted from the Playskool Form Board. The two-dimensional

blue shapes weee CZeatide Playthings Pattern Learning Forms. -Europlastic
Building Beakers and Building Cubes (distributed by Creative Playthings)
supplied the round and square cups; The hexagonal cups came from the Child
Guidance Learaing Tower.
The instructions went 1like this:
The square piece (or "hole" or "cup") goes in
here (pointing to the large oval hold). Can
you find it here (indicating the physical scope
of the array gesturally) and put it in?
The exact words could be varied but the key elements -- 'square’
used as an adjective, and a gestural indication of the extent of the array
and vhere the ptece was to be put -- were kept constant throughout. General

encouragement could be given but specific information about whether a

response was right or wrong was not allowed. A child was allowed to
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change his mind and was given a chance to start over if he picked out
more than'one stimulus. The orientation of the figures was exactly

as it is presented in Figure’l.

Teaching the concept "square". The teaching occurred about five weeks 7

' aftér“the testing. (The only exception after the testing was the one

child added to the study late who was trained two days after being tested).

Nine of the children mastered the 1nstructional materiala in one session,

two required two sessions, and one child took three sessiona to master

the sequence. None faileq.

1 ¥hen the child and teacher-experimenter (the auther) arrived at the
same table and cﬁairs ugsed for the testing, the teacher introduced the
instructional seéstpn like this: '"We are going to play a geme. EQery
time &ou are right I will put’a raisin in yowr ‘cup. When you make a

mistake, I will take a raisin avay'and put it in my cup. O.K.?" A

suecessful atteﬁpt was made not to let the child have any raisins to | )
eat until the very end. On the_laat'tgial the child was told. "If you ‘
get this one, you can have all the raisins.”

; : Tﬁe sequence of materials, which was the same for all four experimental

groups, comprised five sections, each of which had to be mastered before '

{ proceeding to the next, theoretically more difficult, one. The total

| sequen;e 18 pictured in Figure 2. Each section was made up of a set of

related stimulus array; from which the square item had to be selected.

The procedural elements which varied from group to group will be described

later.

In Section A, the "two-dimensional” red squate piece used in the




bt e = S LA T R D * L A L LR RN O T

. o 21,

pretest wgs concrasted with one other flat red shape at a time -- first
kidney, then round, and finally triengular. This order was based on the
euggestion from the earlier "round" study that the easiest contrast is
between regular and irregular figures (square-kidney), the next easiest
is between afra&ght and curve&’(anare-r&hndj,”;;d the'most difficult is
between two straight line figures vith_different numbers of sides (square-
' triangular)f Each pair of figures was preaérted*tvice with position
counterbalanced. The chidd went through all six items in the‘order shown
in Bigure 2.. Then the teacher went back to each pair in which an error
had occurred. A given pair was repeated until the child got both nﬁmbera
right in the .original order.

The oeconazggtggsféd of three arrays in which the ssme "two-dimensional®
' shapes were pfesgnted three at a time. Thus the necessar& component skills
had,'ln pfinciple; already been mastered in Section A. Esch shspe appeared
1n'tno out of the three arrays, and th? position of the square piece
was oystematicaily varied. The resulting sequence appears sos section B
in Biﬁufe 2. 1t vas repeated until the child could do all three items
correctly in their original order.

. The third‘aectiou was analogous to the first. btut here the shapes
were in the form of holes cut out of black wooden rectangles, The results
of teaching "round” had suggested that these "negative" shepes were more
difficult than the “pé.itive" ones of sections A and B. The stimulus
arrays are presented as section C in Bifure 2 and the criterion for mastery
vacithe same as for the first section.

The fourth section was composed of arrays in which color became a
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misleading sttribute, In sll four displays, a "two-dimensionnl"™ tghsngle
was contrasted with 8 "two-dimensionsl" square The two shapes were slways
green and yellow. The correct chééce, the square onc, elternsted between
the two colors. Thus, if color was used as a cue,.it would lesd:'to error
halé the time. The position of color end shppe was codnterbnlanced
yielding the sequence pictured as section D of Figure 2. The froudd"

study had indicated that the misleading 1ntroduct£on of color made & -
geometric distinction more difficult. Other research (Meyer, 1968-

Osler, 1966; Piaget, 1952) hed elso shown that the introduction of 1rt‘16v;nt
dimensions ;akea s given concept more difficult to attein. If eny errors
vere made, the section was repested until the child got ell fbué items
right in the original order.

In.theffifth section, the arrays were three-dimensionsl and consisted
of peirs of cups. One cup was round; the other was square. As in section
D,'color.uno introduced as a misleading varisgble and the position of color
ond'shppa was counterbalanced. The resulting’sequence is pictured as
gection E of Figure 2. The "round" results had indiceted that the demesnd
of abstracting the two-dimensional shepe from @ three-dimensional context
vould make this section the most difficult of ell.

For the groups being presented the instructionsl tesk in a single
verbal context, each display in sections A, B and D would be 1ntroducld}‘
as follows:

The square piece just #its in there (pointing to
the square hols). Can you find it end put it in?

The displays of section C, in which it wes s mstter of finding the square

holg, were introduced in persllel fashion:
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This piece (pointing to the squire) just fits in the
square hole. Can you find it and put it in?

Similarly,. ;hglhisplaya of Section E vhiich involved cups were presented
as follows: |

The square cup just fits in this one (pointing to crnothe:
_cup set off to the side). Can you find it erd put i Inf

Por the groups who were exposed to a variety of verbal ccntents, chout
one-third of the displays vcore presented im the ctove vway. Ca enother
third of the items the children were asked to "Put the square picce (hole,
crp) in this cea.” The contexts vere ronlomly essigned to the tweaty-threo
items in the instrvétional sequence with the restriction that each confext
had to eppear in each of the five sections at least once and that they wcza
each to appear in the total sequence the sece nurber of times, £o far as
possible. The actual arrangement of the thrce contexts is indicated in
Figure 2 by the letters a, b, and ¢ in front of each item.

When the children erred and chose a nonsquare stimulvs, btalf of each
group were verbally corrected in a way that included the use of a cortrastives
geometrical term to label the stimulus that had been wrongly chcsea. For
ex.nple; 1f a child picked out a ttia;;le, the teacher-expericexzter wourld
point to the chosen stimulus and say, "No, this one is trisrgular. Thls
(pointing) is the square one. Can you put it in? The othexr half of each
group would be corrected wiihout being introduced to a contrestive term!
"No, this (pointing) is the cqrare onme. Con you put it in?"

As has alreasdy been menticned, there were some features of the.feed-
back situation that were constant ACross groups:

(1) gétting a raisin for each correct response;
(2) losing a raisin for each incorrect response;
(3) verbal acknowledgment of each correct response;

(4) self-correction,
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Statistical Analysis

The main analytic tool was an analysis of variance and of co-
varisnce (Steel and Torrie, 1960) in which the dependent variable was
the change in test scores from pretest to posttest. Initial level of
knowledge of the concept square, as: diaplayed on the pretest, served as
the covarinble. It wvas thought that the use of 1n1t1a1 score as a
covariasble would increase accwracy in determining the effectiveness of the
various instructional methods by taking into account the ”lcw of
initial values': the more initial errors, the more "room" for improvement.

This turned out to be the case. There was a correlation of .27 between

number of:iinitial errors and amount of improvement. A comparison suggasted
by Steel and Torrie (1960) of the treatment variance before and after
ad justment for 1n1£1a1 level indicated that the introduction of the covarisble
into the analysis yielded a 9% gain in precision.

fha basic anilysis dealt with five treatment groups, each compossd &£
three age levels.
Results. .

-

: {
Age was not a significant factor in determiniug either initial score

or improvement. Thus, the objective of comparing various instructional
techniques in terms of their effect for a single age group could be puzsued,

and 252 was not taken into account in the remaining analyses. It must be

remembered that the children spanned only the range from two years three
months to three years ten months; and, in fact, the expected trend for older

children to start out with higher dcores did appear.




25.

The basic fact about the instruct ional procedures vas that t:hey wvere
oucceioful. The average pretest score for the entire group of eighteen
children was sbout 50% correct or 8.2 out of & total of 17 items. The
control group showed, on the average, no change on the posttest in their ,, .
knowledge of the concept square. In contrast, the four i{nstructional f

groups eli.nimtod an aveuge of 5.3 errors. These groups had started a =

1ittle lower that the conttol group “with-an avcugo of 9.5 errors per

child. In other vordo, training eli.-i.nltod 56% of all errors. The
anslysis of covariance, om—ri.zod in Table 1, indicated that the

E - .
; various tratement groups, including the control group, did reliably. L

differ from each other in amount of change from pre- to posttest, comtrolling

ke £ 4

for initial score. This overall effect attained the .005 level of statistical
significance. Even without statistical control of inttial level, how-

ever, the groups demonstrated relisbly different amounts of improvesent.

The nilynu of variance of the change scores yielded an oversll difference

that wes staciscically significant at the .01 level (F = 5.68; df = 4,13).

Pantdalilisdas § 2

Pre- and posttest scores:in terms of percentage correct are presented

i {n Table 2.. The largest improvemsnt was registered by the group vho were

; exposed botit to the term "square" in a variety of verbal and asction
contexts an'd to contrastive terms when they made errors. This group had

i ' oliminated 96.4% of its errors upon retesting. Dunnett's test for

making & series of comparisons with the mean of" s single control group
showed that this group was reliably different from the control group at the
.01 level of statistical significance. As in the remsining results to

be zeported, this cownrt-'on relates to change scores corrected for ifanitial

level of competence.
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The two grouﬁs who were not exposed to-contrastive terms showed
almost identical improvement. Of these two, the one which had been
expﬁaed to a variety of verbal and action contexts eliminated 63.6% of
its errors; the one that had recieved the term "square" in a single
context eliminated 57.7% of its errors. Both these changes were reliably
different (at the .05 level of significance) from the total aﬁaence of
chq;éénégﬁiéieiédfﬁi the ‘control group.

The fourth instructional gr;up, fhe one exposed to the term
"square" in a single contest and to contrastive terms in the correction
procedure eliminated only 21.11.of its errors. This improvement vas
not large enough to differ from zero in a statistically significant
fashion.

Leg us no:. compare the four instructional groups with each otheg,rather
than with the.control groug)in order to see precisely how the two
1ns£ructiona1 variables: were  operatidyg..

Variety of context exerted a strong positive influence on learning the
concept. A one-tailed ¢-test indicated that the offect.of this factor
vas statistically significant at the .025 level (t = 2.4; df = 7). On the
average, scores (corrected for initial level) improved 7.25 points wore for
children exposed to square in a variety of contexts than for those exposed to
the concept in & aingleicontext.

The use of contrastive terms did not, in itself, affect learning the
concept. There was, however, a sizeable interaction between the :‘two
factors such that the use of contrastive terms in the correction procedure did
facilitate learning when it was used in combination with a variety of
contexts. A two-tailed t-test indicated that this interaction effect

achieved statistical significarce at the .05 level (t = 2.4; df = 7). One

PO
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may conclude that contrastive terms are of use under some conditions but not
others. A look beyond the number of errors to the nature of errors provides
some interesting insights into the cognitive processes involved in utilizing
' & contrastive term to learn.a given verbal concept.

Lgt us first look at the a;rora on the pretest. The ultimate goal
of th}a.gpg}yg}gmqi}L:bq_g? show how the preexisting semantic system
of conceptually related terms é;é;}ﬁiﬁhb”the effect of contrastive terms in
1earning a concept.

The analysis of errors on the 'round test in the earlier study supported
the idea that identifying an example of the concept became more difficuit
when the number 6f items in the array got larger and when it was necessary
to abstract the two-dimensional shape from a three-dimensional object.

An anniyaio of errors on the square pretest indicated that thesevfacgori
were much less pﬁearful. Instead, a tendency to confuse round and square
emerged as the greatest source of error. In ofder to understand the
underlying reasons for error, it is necessary to look at the relativs
difficulty of various sorts of array after differential chance ratee of
success hhva'been statistically controlled. The larger the array, the
lower the chance rate of success. The difference between the observed and -
the chance rates of success for a given item can be used as a measure of
relative difficulty.. It is clear from Table 3 that the inclusion of a
round stimulus makes an array more difficult. This difference is
statistically significant at the .01 level according to a Fisher test
(two-tailed). In fact if we shift vantage points from item difficulty to
the nature of errors, 50% of the total of 160 errors consisted of

picking out the round stimulus instead of the square one.
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What is the significance of this tendency to confuse round and square?
Is it simply attributable to the ‘fact that certain children (randomly
distributed among gioups) were exposed to the concept round in the earlier
study? This is not the case, fog both the "experienced" and the "inexperienced"
group average batween four and f;ve of these errors per chilﬁ on the pre-
tesf. The ?ﬂ?}#f? experience with round does not affect total errors
either: .th; experi;nc;a‘gréﬁi"iﬁeragggh?.z pretest errors out of 17 items,
while the inexperienced group averages 8.5;. Thus it appears that, some-
how, round is the more basic, perhaps the ummarked concept in this particular
situation.

The application of the unmarked-marked distinction originated by
Jakobson (1969) would lead to the following hypothesis: the unmarked
g@omaérical shape -- round -- will be the first to be recognized as such
by the child and he may take for granted that all geometric.terms refer to
this category. This initial hypothesis must then be corrected through
appropriate feedback.

This arguﬁent is based on the notion of a predetermined or natural
‘order of concept acéuisition. The only other possibility is that the

round-square confusion reflects the influence of earlier geometrical teaching.

Since twelve of the eighteen children in this study had been in a previous'

systematic study of geometrical discrimination conducted by Henning and
Rayweiser (1968), anhave some evidence that bears upon this pcint. In

that study the children were to learn a circle-triangle disceimination.

First they had to learn to choose the arm of a t-maze containing a large
triangular stimulus. Then the reqagded stizulus was reversed and the children

had to learn to choose the '"round arm" of the magze. Since all the children




29.

_had more experience with the iriangle as the positive stimulus than with
the circle and since only thr=e¢ out of the tvelve ever mastered the
conceﬁt round in the reversal situationm, this nonverbal experience éhould,
if anything, have worked in the direction of diminishing the tendencf to
choose a round stimulus. Therefore, their results tend to discredit |
specific expariences as the critical factor in generating the terderncy to
round-square confusions. Henning and Rayweiser (Henning, personal communtcatiqn
19695'fOuﬁd”'ﬁb?ééﬁ&f;qtﬁét“tﬁers-was a definite tendency to start out in
- their learnina procedure by choosing the arm of th=a maze containieg the
gound stimulus even though it appeared on the opposite side from ‘the child s

previously determined preferred position. Thus, the shape rcund saemed

perceptually dominant for a substantial group of these very scce
children even a year or more before the present study vas begnn!
1 . What is interesting is the way in which prcvicus experience with the

term "round" determines the effect of using contrastive terms in tha cor-

T O N X AT T T PO

rection procedure. It turns out that contrastive terms do effectively reduce
confusion betwcen ﬁround" and “square" if the child has been éyGCemacically

’ -oxposcd to the semantics of"round" in th; study reported cbove. Without
prévious ;xpoaure to the term "round" the introduction of contrastive terms
haQ a negative effest. This'rclationship is illustrated in Tablc 4, TFrom

the table, it ccems as though foilure to mention the term “"reund" ic es

effective for the "inexpericnced" child as is the "rourd"-"square” centrast
for the "erpericnced" child. This makes scmse in terms of the hypothesis that
round is the unmarked class. If this class is vnlabeled, then a single .
label ("equare') suffices to mark a new subdivision. In cuch 8 case,
introduction of a second term simply means that tiro things must be lecrned

at once, an edditional cognitive Eﬁrdga. If, bovover, the unmarlked class
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is already labeled ("round'), then this label tends to assimilate new.
labels to it semantically. In this case, ezplic;t contrast between the
names uged to denote the two categories is needed to subdivide the
generalized ?oncept of round into round and square..

The effect of contrastive terms in the correction procedure is specific

td'thé“fduﬁdlgqﬁiie”ﬁbnfusion.,uCQQEQQtlon involving verbal contrast does
not redu?e other types of error, even‘£;£*E§;“"expgyien;ed" children.

This result is certainly logical, for even the experienced children had not
been systematically exposed to contrastive terms other than "round". In
practice, moreover, tha introduction of contrastive terms meant primarily
contrasting "square" with “romid", for 56% of errors during:the teaching ]

phase consisted of mistaking round for square. i

From these data, emerges the idea of appropriate and inappropriate

introduction of contrastive terms. Contrastive terms really:means the

single term "round" here. '"Appropriate" applies both t:0 the case where the

term "ro;nd" is not introduced because of lack of requisite semantic

; experience and to the case where the term is introduced because the relevant
experience has beeq acqﬁired. Having redefined the contrastive term
vlriable; we can noé\se; whether it 1is in fact a aignificant factor in
learning the concept o?ﬁare. Tﬂe next step was to do new analyses uhetg
childezen were place& én groups aécording to whether or not they were exposed
to multiple contexts 4nd appropriately introduced to contrastive terms in the

!
correction procedure. ' Since appropriateness cf the correction procedure

seemed to affect round-square confusions exclusively, reduction of this type

t

of error was sepnratedXout from reduction of all other types of confusion.

i

The two instructional variables -- variety of context and appropriateness
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of introducing contraativa terms into the correction procedure -- vere
assessed separately for their effect in reducing "round"-"cquare" cone.
fusions and in reducing all other types of error.

Let us first:look at the effect of variety of contexts and apprepriate-
ness of the correction procedure oa the round-square confusion. The

relevant data are preaented in Teble 5. The two groups where presence oY

j experience show greater error-reduction than the two groups who were
corrected inappropriately in this respect. Summing data for the two groups
‘who were appropriately corrected, we find that 23. pretest errors were

corrected on the posttest, five errors remained, and three new ones eppeared

- e e o —

on thn postteat. By -contrast, in the two 1nappropriata1y corracted gfoupa,

2athiiuiaadeiia N —— avwmm— . JR——————_ —— ——ane

13 pretest errors were corrected, 10 errors remained, and three new

ones appeared'on the posttest. Table 5 shows that multiple contexts

have a somevhat smaller effect upon round-square confusions. The fact that
-uitiple contexts reduce rouﬁd-square errors less thin the hpprbpriate uss
of labels in the correction pfocedurc lends further support to'the idea

that the development of the meaning of "square” can be understood in part

as the superposition of lexical marking upon the unmerked concept "round?
Shifting now to all other types of error, we see:from Table 6 that

multiple contexts have a large effect on reducing those errors which consist

of confusing square with shapes other than round.‘ The appropriatenesi of

the correction procedure does not affect these errors, however. Multiple

contexts must, therefore, be functioning to help the child who is experjienced

with the label "round” to distinguish square from other shapes not yet labeled.

§
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As for the "inexperienced" child who has presumably not yet labeled even
round, multiple contexts may begin whiere simple labeling leaves off.
They may help the child to make finer distinctions between shapes that
are perceptuallj less distinctive. |

Apart from the effects of various teaching procedures, it is of
1nterest to take a closer look at what was happening while the children
were being !aught 1n order ‘to -obtain some direct information on the nature
of the learning process itself. Are certain of the 1nstrugtional variables
quer discussion conducive to fast learning and is fast learning really
effi&ient in terms of growth 48 kncwleage of thqconcept seing taught? \In
fact, there is tremendous individusl varisbility even within instructional
condidtions. Table 7, uhich presents the number of errors before nlstery-
for each child,.ahowa how individual variability in speed of learning tends
to be as large withip a given instructional éondition as from group to group.
Similarly, looﬁing at amﬁuht of improvement and rate of leaming in term;
of the\poasible_inﬁluence of social class, we note figst of all that the teach-
ing mathod succeeded with a predominantly lower-class group. Although éherc
were only two middle-cla;o children in the instructional groups, it is
1nteraat1ng.that, on the average, they improved virtually the same amount
(7.50 points) as did the comparably taught lower class children (6.75 points).
The two midd}e-class childgen Jid, however, master the instiuetional
sequence somevhat faster on the average (2.50 errors to criterion) than the
lower-class children (7.50 errors to criterion). These are desirable re;ults
from a pedagogical point of view, for they 1ﬁdicate that instruction has
truly adepted itself to individual variation in learning rate; vhatever

its origin, as well as to variation in initial level of nnstery;

et g AX
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Discussion
The overall success of the instructional methods are relevant'to '
a discusséon of the question of what modes of representation are most -

effective in teaching two- and throe-year-oldschlldfen. In oll cacec,i

the children being taught the meaning of "square" were presented during

the teaching phase with a representatiaon in three modes aimultaﬁeouglz -
‘the'enlctive, the ikonic, and the symbolic. The ensctive mode ;ntered
vhen the ch#ld,picked up the square object and did something with it.

For some children, the particular act varied from array to array.

The stimulus arrays themselvés furnished an ikonic rep:esentation both
of the class of square things and of contrasting classes of geometric
shapes. More important was Fhe fact that the solution to the problem
was represented in all three modes. The word "square" inserted into a
command p;ovided a symbolic representation of the solution. Tﬁere were
mnreover,.pe;cepthal cues and kineathgtic feedback on at least one-third
P " of the training icems én the form of somethingwwith which the square
thing would fit. This g@ditibnal square stimulus thus provided an ikonic
and enactive rupresentation of the solution to the problem of discovering
the r;fereﬁt of the term “'square." )

.The simultaneéus representation of the probdém in three modes

during teaching resulted in an ability to deal with the concept later on

in the posttest when prémarily different exemplars were presented in a new -
acflon‘contoxt with no ikonic or enactive cues to the solution. During
testing the only representstion of the solution was the symbolic temm

"gquare." These results suggest that the ideal sequence of representational
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modes for learning symbolic concepts can be imagined ss a gradusl peeling
away of enactive and ikonic support from sn originally trimodal representationsl
" structure.
Tﬁ§ con:rast between this experiment where th; child is faced with
- 8 trimodal representation contrasts with the first study of teaching "fat"
and"Chkéngy" There, although the child has visusl and kinesthetic

contact with exemplars, .the oolution, i.e., the concept, is really not

representcd in any mode at all. ' The "fat™ and "skinny” pouttest!, in 'bich
the solution was represented by a ‘label, demonstrated the effectiveness

of a verbal representation. The absence of any representation of the
lolution_tc what is usuglly mesnt by the term "discovery” learning. In .

the literature, it is opposed to directed tesching or to "guided" discovery.”

Evidence seems to be iccunnlating that pure discovery is the least suc-

cessful method for teaching cpecifié céncepts and that it does not
improve the transferability of & concept either (Kersh and Wittrock. 1967).
Diccévery methods seem to be useful when the ainm ic:to teach techniguec

of discovery, per se. If, however, thc task is so difficult that the
lesarnerddoes not succeed in discovering the concept. then th;;?:i:::::e_'ill
not be reinforced either (Kersh and Wittrock, 1957). The 1-po§aibility of.

. discovering the concepts "fat" snd "skinny" in theffirst experiment suggests .
the idea that other analytic concepts and,iideed, most concepts upon which
school focuses masy be too diffécult at young ages to be "di scovered”
successfully. if so, then the practice of'requiring discovery, as in the

methods used to teach "fat" and "ckinnzg not only fails to teach the

concept but mey alao_hiscourngo the development of theddiscovery process

iteelf.
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The methods used to teach "fat" and "slinny" contrasted with those
used to teach the concept square in a second respect: two or three
examples of the concept had to be mast.red simultaneously. The results

there indicated that the extra example actually hindered learning. In

. the methods vsed to teach the meaning of "square," a given example

(presented in positional permutations) was alwvays mastered before the
child was exposed to new examples. (Where it was a guestion of learning
that color was irrelevant, a single example actually consisted of two
displays.) A third difference from the earlier study was the absence
of prolonged repetition of stimulus displays. This time it was possible
to face each stimulus display only once, whereas in the earlier study

the ndnimun number of repetitions in t‘eylearntng sequences was four
uader two of tﬁe conditions. Repetition had had such a negative effect

on the children in the first study that it was almost impossible to

- complete this experiment. This was one of the motives for making variety

an explicit variasble in the final study.

One feature that the two studies had in common was the use of both
material and verbal corrective feedback for right and wrong responses,
and self-correction for wrong responses. The results of the two experiments
clearly show tpat such theoretically optimal feedback is not a sufficient
conditién for learning a given concept, although it may be effective when
the pfoper representational éondiﬁions are met.

While it is interesting to compare the methods used in the tub studies,
the diiference in the succesc of their teaching techniques could be due
to any or all of‘thece three reasons and to some others besides. Never-
theless, it seems useful both for future research and for practical asppli-

cation to make these differences explicit.




Similerly, a comparison of the techniques used to teach sound
with those used to teach square suggests some interesting possibilities.
The varisble in the round study deslt with the forms of sction rgre;entut;gg .
and the timing of verbal representation. Neither seemed to ‘utéor very

much. In the square study the varisbles all involved the forms of werbal
Algo, the untsught

. répresentation, and the differences were much targer.
coutrol group showed some improvement in the round study whereas they did

pot in the square one. Perhaps it was natural to attach a label to the

? most perceptuslly dominant category of stimuli, the round ones, whereas

it demanded more specific experience to label the less dominent square
i:.topry. This result, If.heroforo, is snother piece of evidence in fevor
;:f the hypt;tbnu that round is the unmarked or more basic geometric
concept on which the square category is superposed. '

The experiment on teaching "gquare” actually varied the form of the

l verbal c.aontext in which the term "square" was pllcéd white holding ell

other factors constant. Psychologists have tended to devote a great desl

of energy to the question of whetlier verbel representation enters into

concept formation atzall and heve generally neglected the problems of
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what form this representation should take. It is, therefore, interesting

that varisbles relaténg to form of verbal representation should turn out -

to be such powsrful ones. This pbint is especislly interesting since the

children were so goung. Clearly, the originsl ides that p.uro sction

might be most suited to this developmentel level was exploded by the results

of several studies. The experiment on teaching square seems to indicaste

thet wvhat is said about a given concept label is ss important to the

Full Tt Provided by ERIC.
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development of the child's definition as whether the concept is labeled
at all. Tyn main effbcﬁ of a variety of verbal contexts on the stimulus
side seems to be in making exemplars of a given concept distinguishable
fron;contrasting stinnli vhich havo not yet -been organized into definite
categories. Once a contrasting category along a given dimension has been
orgnnized the effect of multiple contexts is much smaller. Such a
category tends to be over-gensralized to other stinuli.in that dimension
and the form of correcting this overgeneralization becomes crucial.
L;beling the category io be learndd is an ideal way to mark it if the
child has not yet labeled the overgeneralized contrast class. If he has,
however, then oféectiva teaching secas to require expliqit contrast
between the two labels in the correction procedure. |

The deleterioun effects of using a contrastive label to correct
children who do not already umderstand that label fairly well seems
analogous to the deleterious effects of adéing an extra exemplar in
the "fat"-"gkinny" study: there is too much to learn at once and
partial learning results in interference.

Note that multiple verbal contexts on the part of the experimenter
iavolved -nitiple action contexts on the part of the childse This latter
may be crucial to the effectiveness of a variety of contexté, although
speach and action factors cannot be disentangled in this experiment.

We may have found &8 more precise way of understanding the frequent
observation that children dé not learn vaat is irrelevant and that they
sometimes do not display their "true" abilities for want of motivation.

If one thinke of the action context as providing a goasl, then the meaning
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of a particular word included in the directions becomes a means to this ‘ ;
goal. One could say, _at. a molecular level, that the concept has

"relevance” fn a broader task structure and that the child now has a

"reason" to learn its nu.ning. Recent studies of nonverbal skill
dcvelopmi"ih'ggéot ‘that, indeed,. ,t_:!;g_;_oal precedes the means ontogcneucal-ly:

and that vhen a successful means first comes into being it is indis-

soluble from the goal vhich motivated its existence. Only graduslly
(Bruner; '1968).
does it beomnce a separate ent.ity)‘ 1If this is true for concept learning
as well, then the implication is that the breader the variety of ends
for which a given concept can be used, then the more likely it is to
achiewe an independent life of its own. Surely in everyday life these
concepts most important to action are the ones placed in the greatest
viticty of contexts and therefore learned the most thoveughly. If this

to learn _
is true, then NSNS -otivatianand the hierarchical structuring

of a task in terms of means-end relationships turn out to be one and t.hc'
- same thing. The role of familiarity then becomes that of providing a
higher order structure into which the unfamiliar can be fitted as a
necessary component. |

There are several types of variety in this ttudy,_and variety probably

it Lok i T

has several different effects. First of all, there is the variety or non--
repetitiveness of the stimulus Jisplays, a quality which contfasts
with the approach of the first study. Certainly this difference must
be partly responsibla for the much more enthusiastic response of the .
" children to the procedures used to teach the concept square. At the sams

time, we see that sheer variety can have adverse effects on luming' if




" that produced by a variety of referents. . ' , .
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it 1s associated with increasing the number of things to be measured j

simultaneously; One way to deal with this potential conflict is to

ot i ikdadn Al R

ensure mastery of each néw element as it arises. This was one strategy

in the square study. Another way is to provide a variety of ftqiliar
elements. The verbal and aﬁtion contexts 1p:uhidh square vas embedded
did exactly this.

All these types of variety -- stimulus arrays, words, and actions -- ' }
could be operating to 1upro§e'learn1ﬁg threugh enhancing attentionsl ' |
proceoaei; Certainly there 1s a great deal of evidence that variety has
this éffect (Fiske and Maddi, 1961). This effect ought to be opetattve 1n '
all kinds of variety, but it camnot explain wvhy a variety of verbal and

action contexts had a positive effect on learning that is much larger than

The variety of verbal and action contexta certainly ptonotea the

relevance of the concept, as has been discussed before. thtiplc verbal - . ]
contexts nny\alao’be particularly useful in {1lustrating the semantics
of t;rnn-uhidh have no stable relation to extralinguistic contexts, that
1s, to concrete referents. Some vocabulary test data indicate t@at it
is just iuch words which pose the greatest problems for lower-class
éhildteﬂ (Johﬁ'and Goldstein, 1964). This findin§ is consistent with
this line of reaaoning; for it is fairly well estabiished that lower-
class people tend to rely relatively more on e;ttalin;uiatic context

and relatively less on linguistic context in their use of language for

communication (Greznfield, 1967).
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The results of a study by Werner and Kaplan (1950) provide yet
another reaeson why multiple contexts might be more effective than a
aingle context in teaching a concept.. They found that younger children
do not differentiato a ubrd from 1:3 varbal context and may regard a
given word as carrying the maaning of the whole of a part of the context.
If this is so, then variable contexts may help in establishing the in-
variant prﬁpertiea of word and referent.

Inteniuu-of preacﬁool education, aid in particular, the results
of this series of studies seem to indicate that what is said about concrete
experience is wore important in the semantic development ofanalytic
terms than the nature of the experience itself. This conclusion seem
to support Ber‘iter and Engelmann's (1966) approach tq the education of
:severely depr;v;d p;edchool children, for they use a wide variety of state-
ment é;rms or logical relations in connection with a small variety of
concrete referents.’ On the other hand, if the action context constitutes
'é'gqnl vhich given relevance to the words embedded in a related oantoncdi
tﬁeﬁ use of a given concept in a wide variety of meaningful situations
could be a critical factor.

In general, these expariments support the liﬁguiotic approach to
semantics rather than_the-écfchological: "the relation of words to other

words appears more crucial in semantic development than the relation of

words to things. They also call for a rethinking of preschool 1notructional-

) and
lppronchec. These have emphasized direct experience with -ntorialoApav.

communicative
left unopecified thexfontext 4n which all such experience nust take

place. ‘nn ctuly of ways to.teach the meaning of the term "square" to
two- aai'thrto-y-oé-old. that has besn reported here ou'gocés th.t'i

systematic examination of this question may bear fruitful results.
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Table 3

Rate of Success on Pretest for -
Arrays with and without Round Stimuli

SR

Arrays wvith round stisuli Arrays without round stimuli

.
. .
L P L T T T T O TN, U T L Py

Oigh :nxpz:gc Jate
(from 287 to 112 above 1 7
s chance)

Low success rate ' :
{ (from 162 below chance 8 )
to 8% above chance) o :

*p (.01




Table &

Improvement in Making Round-Square Distinction from
Pretest to Posttest: Effect of Introducing the Contrastive
Term "Round"” with end without Previous Semantic Experience

Round {ntroduced as No contrastive temm
contrutivg term introduced

Previous experience

with sound -
+2 -1
Individual improvement +3 +1
+4 +4

Group Mean 3 , 1.3

No previous experience

+1 with round - +3
Individusl improvement +2 +4
: +3 +

Group Mean - 2 &




Akl § ) FURPETETEAN

3893380d uo SUOFeNJUO0D

1 4 1 1 sxenbs-punox Asu o xequny
38933scd uo
€ . L 0 S PO3IDB1100 JOU SUOFSNFUOD
saenbs-punox Jo xequny
38933s80d
9 L ol €1 UO PeIIVIIO0D SUOFSNIUOD
sxvabs-punoz Jo zequny
9INPID.
-0xd uo}3daL 3aNped 2INpad °INpId
«200 ?3®jxdoad -0oxd UOF3IDI220d =01d uO}3d29120d »~02d uUOj3IoNIX0D
-deuj~s3xe3 3387adoaddeus e3ejxdoadde ?3ejadoadde
~uod I1dyI1NK — IRXIJUOd I[Buls - 83XIJU0d ITYTITNN - JXIJU0D ITBuIs

SUOTITPUOC) TRUOFIINIISUL INOJ JIepun 3I88y3s0g 03 uumuou&

wWoxy suoysnjua) saunbg-punoy uy sSueyP

S o1qey

s

P M 3 o PO TN




A3 fem )

AL b L o Lo i)

RN A ik LS

1 '/ 1 L 3893380d uo 810119

Aasu jo lequNnN

39933s0d

4 g 0 L Uo pa3II31310d 3jOu

810329 JO 1IqunN

71 4 Sl 9 3s?33s80d uUo pPaId2AII0d

830119 jO aesqunp
sanp °Inpdd 2INpI °INpId
«02d UOFIO120d -02d uO}329120d «02d U0F3ION120d ~02d UO}3I29110d
s3ejadoaddeuy s3etadoaddeuy s39iadoadde s3ejadoadde

- 83x03u03 9TdIITW

< 3X93U00 918uUTS

. = 83%X03U09. 9TAFITNN

- 3R93U0d 9IBuTS

szenbg-punuy UCY3 IOYIQ $2022T IV UT SSuLHD

9 9198y

SUOTIFPUO) [PUOFISNIIEL] INOJ ISpun 38033804 ©3I 2893013 .WOXJ SUOTENIUC)




V
m
W

€°C €9 ‘9 ) saseyy dnox
L 1t el Le .
€ S Y 4 81301
0 € 0 0 10113 1eNpFAOUL
sanpadoad sanpadoxd sanpedoxd aowzvoocum
Uo}¥3I282300 Uu0}320110d Uo(3931109 Uo0}3I09110d
s3ejadoadde e383zdozddeusy 93e12doadde e3etxduaddeus

-3x9ju0d o13uly

-83x03u0d B[Suys ~83x93u0d 91d33 Y

~83xX93ucd 31d¥I

edusnbes (PUOCTIINIIBUY JO A10388K B2038g
PIIY. Y293 £q epesy sx01xy o zequny 1830%

e - -« TS vea

L 91q0]

- «

. wmem kg & e ta— x




S TR TR TR R R R AT T e

Displays for tcsting understanding of term "square"




:‘ ‘ Do
e LA
b. 2. B A
a. 3, A
a. 4. 3 ﬁ
%q’
E. .
b.
o..
c.
b.

RED
BLACK
BLUE
GREEN
YELLOW

BRBEON

VERBAL AND ACT!ON lCONTEXT'
a. Just fits g

b.In can

c. Give to- teacher

Fig. 2. Sequence of displays used to teach meaning of cerm "square"




