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numbers of objects with from 1 to 3 or 2 to 6 objects in each
picture. The experiments provide evidence that nursery school aged
children can learn simple mathematical concepts and learn them very
rapidly. Children generally found the concept of "more than" more
easily understood than the concept of "less than". Problems for
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Introduction

The series of experimente desciibed in this final report

are all concerned with the topic of mrthematical concept learning
by the young child. The concept given particular attention is

that of inequalities, a concept important in iteelf ae basic to
mathematice and important aleo because it is one to which the child
is commonly introduced at the firet grade or even the kindergarten
level. Piaget maintains that the understanding of mathematical
concepte develops at an age many yeare beyond that of the children
who are the S& in the preesent experimente. But it has been point-
ed out that Piaget's conclusione are drawn from evidence of the
child's verbal facility in dealing with mathematical concepts. For
many peychologiste -and educators- the child'e ability to use a

mat hematical concept (even if he cannot define it nor talk about

it correctly and, in particular, to use it in a new eituation--
transfer) ies sufficient evidence that he has acquired the concept.
In the experiments summarized in this report, effective transfer

is considered acceptable evidence that concept acquiesition hae

been established.

In fact from the evidence presented here, it- is clear that
the normal three-year-old can, rather quickly, acquire the concept
of "more than" and demonstrate gsuch acquieition by succeesful
transfer to an otherwise extremely difficult situation. All the
Se in fact, from 3 to 5) yeare old, show little difficulty in
acquiring the mathematical concepte presented. The exneriments
oresented here establish such capacity, and also examine reversal
shift, the effect of verbal instructions, the advantage of
pre-training, certain methodolopical asvects (overt correction vs.
non-correction), and briefly investigate the effectiveness of the
pedagogical method in mathematical concept learning of the very
young child.

Five rather coneiderable exvreriments have been run during
the veriod of the nresent grant. Thesge are: 1) acnuieition of
mathematical concepte in the a) experimental situation and
b) traditional vedagogical esituation, 2) cued ve. non-cued
inetructions in the learning of inequalities by three-year-olds,
3) "more than", "less than" and reversal learning, 4) correction
ve. non-correction, and 5) effect of pre-training and cued
reversal training. ‘I'he experimente have not necessarily been run
succeesively in the numbered order. For example, Experiment 1
-which includee a pedagogical esession- was run eeparately from,
but concurrently with, Experimente 2 and 3. Experimente 2, 3,

b and 5 are an integrated group of experiments in which supportive
resulte are provided acroes experimente and from which firm
conclusions may be drawn.

To clarify the presentation of the experiments, the design,
procedure and analyeies of each will be presented separately in
eummarized form (the detaile have been given in previous Progress
Reporte) and will be followed by a final integrative discusaion,




Stimuli

The stimulus material used in all the experimente was
deescribed in detail in the first Progress Report. In brief the
gtimuli for the experimental situation are made up of paire of
pictures of varying numbers of objecte with from 1l te 3 or 2 to
6 objecte in each picture. The objecte are black line drawinge
on a white background and -most importantly- may be either
"gimple" (striated balle) or “complex" (all objecte in any one
picture are different from each other). An example of both
"gimple" and '""complex" etimuli is vpreesented in Figure 1.

= ®
"Simple" Stimuli ® e @
®
1 @
"Complex" Stimuli A «
&>

Figure 1. Examples of paire of pictures used a= etimuli.(l)

(l)A set of etimuli used in any one exverimental eseseion ie made
up of 42 pairs of picturee, eo that S ie presented with a different
pair of picturee on each trial. '
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Experiment 1

In Experiment 1, nureery echool children learn a series of
mathematical concepte- one group with and one without pre-train-
ing. A third eroup learns the same concevts by the pedagogical
method. All the children are gubsequently given the same paper
and pencil test.

Part 1

In the firet part of the experiment, 45 nursery school child-
ren (4=4 to 5-3 years old) in tnree groupe of 15 each were re-
quired to learn a eeries of four number concerte: "more than",
"lese than", "equipollence" and "non-equirollence'". '"More than"
and "lese than" involve eeparate taeks - the child is preeented
with a pair of pictures containing different numbers of objecte
and the child muet reepond to the picture with "more'" or "lece"
objecte- depending upon the task required. On the other hand S
acquires both equipollence and non-equirollence via a tingle task =
he ie presented with a pair of rictures and must make one responce
if there are an equal number of objecte in both picturee = the
alternative resvponee if the number of ohjecte are not equal.

Both Group 1 and 2 Se were taken individually through 42 triale
per day for a maximum of two daye or to a criterion of eight out
of 10 correct resvonsee on each of the three learning tacke.
Group 1 s learned the concept firet with "eimple" etimuli and
then were transferred to the "complex" egtimuli. Grour 2 8s
learned the concepte ueing the "complex" etimuli only. Grour 3
Se were tausht the four concepte in a group eitvation by the
traditional pedagogical method and the succese of the method wase
evaluated by the group performance on a paver and pencil test.
Group 1 and 2 $8, after reaching criterion on the four concerpts
by the experimental method, were priven {(without any further train-
inpg) the same paper and pencil test.

Groupe 1 and 2. Apvaratue. a) Inequalities. keeentially the
apparatus wag a box with two plexiglaeses windowe= on the side facing
S. On each trial, r ineserted in a =lot on the side of the
avvaratue a preseboard frame containing two pictures, each stamped
on a 4-inch esquare of tranelucent vlastic. rressure on tne window
containing thne correct picture caused the picture to light up.

b) Equipollerce and non-equipollence. The apparatus consisted
of a wooden screen with two windows approximately at the young
child'e eye-level when he was seated on a low chair. One inch
beneath each window on S'c side wae a reinforcement light and one
inch below each reinforcement light wams a responee button. The
stimulue (a picture in each window) wae presented on each trial by
ineerting an 8 x 11 inch card. 1If S made a correct reeponce

(preseed the correct button), the reinforcement light above that
button went on.

Procedure. When presented on each trial with a pair of
picturee for a) "more than" or "less than'", the child wae required

3
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to vrees the picture which contained "more" or "less'" objects.

If he preseed the correct window the picture behind it 1it up. 1If
he pressed the incorrect window, nothing happened and he wae
required to make an overt correction responee. Vhen presented with
a pair of picturee b) in which there were or there were not an
equal number of objects, the child was required to prees one of the
two reesponse buttone. If there were an equal number of objects

in the two pictures, the child preesed one button. If the number
was not equal, he preesed the other button. Following a correct
button prees, the reinforcement light above the button went on.
Following an incorrect responese, the child wae required to make

an overt correction response.

Each child in Group 1 received a different randomization of
paire of stimulue picturee and the randomization waes matched across
the two groups. 1In the inetructione given to the child for each
tack, the worde "more than", "lese than', "the same number" or
"not the same number' were used, a# appropriate. To help the
child in making the amsociation between the verbal symbol and the
concept, a verbal reinforcement wae given every fourth trial. For
example, in the inequalities task "more than", E said, following
"the correct response, "Yee, that picture hae more balls". In a
different task E might eay "Yes, thoee pictures have the same
number of balle - they are equal'.

Group 3. The pedagogical method refere to a tyvical claessroom
procedure in which the concepte are explained to the children at
‘the outset and are demonetrated with the use of teaching aids,

and in which the children are given practice using the concepts
with paper and pencil taske. A "good" credentialled teacher was
choeen for thie group and Se were taupht in subgroupe of eight or
seven with the teacher epending eix half-hour sessione with each
of the two subgroups. The concepte to be taught were explained to
the teacher and ehe was arked to uee from one to three objects in
each eet of objects and to use like and unlike objects in her
demonetrations. Otherwisge she wae given total latitude ae to the
methode ueed. She ueed ae teaching aide chalk board, flannel
board, work book sheets, crayons and a variety of objects for
demonstratione. The teacher also made use of informal work sheets
and had the children draw the correct number of objecte to
demonetrate the concepte, #o that Group 3 Se had practice with
pencil and vaver taske. The teacher, finding that it wae difficult
for a child to learn a concept usging unlike objects only, also
taupght each concept firet with like objecte, then with unlike
objects, thus duplicating the Group 1 experimental situation even
though this procedure nad not been supgeeted to her.

Paper and Pencil Task. The final paper and pencil task i
consieted of an eight page booklet. On the firet four pages of

the boollet the four concente were precented in the order they were i
learned, i.e., "more than", "lese than", "equal to" and "not equal
to". Two of the examples were vresented on each page. On the last
four vagee the concepte were preeented in a different order, aleo
two to a pare. All the children, in eubgroupe of 7 or 8, were
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given the paper and pencil test on the same day. The E demon-
etrated at the blackboard now each page was to be responded to

for the firet four vapes. No demonstration was given for the last
fcur rages. Eseentially, the child was asked to look at botn
pictures on each nage, one at a time, and mark the one which
demonstrated a narticular concept. The rnarer and pencil task took
approximately one half hour for each gubgroup.

Regulte. Groups 1 and 2. All 15 S in Group 1 reached criterion
on the "more than" and “"less than" tasks. But only 13 and 12
learned "equal to" and "not eoual to" with the simple and complex
gtimuli respectively. In Group 2 all 15 Ss learned 'more than",
but 4 Se were lost on the "less than' taek and 2 more on 'equal
to" and "not equal to", making £ix in all who were non-learners.
mean trials to criterion for the two groupe are nresented graph=
ically in Figure 2.

‘Group 1 (pre-training)

eeeeee== Group 2 (no pre-training)

60
50
Mean
trials 4o
to
crit- 30
erion
20
10 —_ -
i | i 'l
unlike more unlike less unlike equipollence

and non-equipollence
Taske (Concepts)

Figure 2. Mean triale to criterion on three concepte by
Groups 1 and 2.

It seems clear from Figure 2 that there ie little difference
between the two groups on the 'more than'" and "leee than'' tasks,
but a considerable difference on the more difficult taek of equi-
pollence and non-equipollence. An analysis of variance performed
on triale to criterion on the three learning taeke with the
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complex stimuli only, showed no eignificant difference between the
| groupe due to pre=training, but a significant taek and interaction
: (task by pre-training)- a result which confirme statistically the
graphic preesentation of Figure 2. The difference between the mean
trials to criterion of the two groups on the third task is highly
eignificant. An examination of the mean errore to criterion on
the complex task for the two groups gave much the same results.
The difference between the means ie not significant for either
"more than' or "lese than“, but for "equipollence'" and '""non-equi-
pollence” the difference between the mean errore was highly
eignificant.

Test Results. The mean number of correct responses on the three
concerte from the paper and pencil test given to the three groupe
are precented grarhically in Figure 3. From Figure 3 it can be
seen that there is little difference between the meane of the
three froups in any of the three concepts and an analysie of
variance confirme thie observation in that there ies no significant
difference between the groups.

Group 1
eeecceccee= Group 2
375 —— —— = Group 3
AN
350
Mean 3.25
number
cor=- 3,00
rect
2.75
2.50 .
| - I
more lees equipollence and
non-equipollence

Taasks \Concepte)

Fipure 3. Mean number correct on three concepts from the paper
and pencil teet by Grouve 1, 2 and 3.




Part 2

Although the children in the experimental Grouve 1 and 2 did
a8 well on the vaper and pencil teet as the children trained
vedagogically who had parer and rencil practice throughout the
nedagogical =easione, neverthelese, the teet results may in fact
have been a function of competence with a paner and nencil rather
then evidence of effective acauisition of the number concente.
‘‘herefore, a further group of children at the zame age level were
taken through the Grouv 1 vrocedure and tnen riven 1C minutes paver
and nencil rractice with work sheete eimilar to those used by the
teacher in the vedagorical groun. Subsequently the same paper and
vencil taesk was given as in part 1. The scorees made by the child-
ren in this vart of the experiment were practically perfect. Seven
of the 12 children made a perfect score oa all three tasks. No

. child made a score of less than 14 out of 16 on all three taskse.

Clearly the few minutes of paver and pencil training had been
highly effective and had enabled all the children to demonstrate
acquieition of the experimental conceptes.

Discuesion

The results of the present experiment indicates unequivocally
that children of nuresery school age can learn a short seriee of
number concepts which are presented successively. In fact,
presentation of the number concepts apparently are not limited to
a particular method eince succeeseful acquieition followed all
three procedures.

"More than" and "lese than" were clearly concepte =0 simple
with the stimuli used, i.e., from one to three objecte in any pair
of picturee, that the pre=training provided no advantage. The
fact that the vpre-training group (Group 1) took eignificantly more
triales and made significantly more errore to criterion in acquiring
"equal to" and "not eaual to" seemes puzzling. But theese results
may have been a function of the number of triale which the Group 1
and Group 2 S§= were taken tnrough to acauire the inequalities
concepte. Ae Group 1 had first to go throuph the esimple and then
the complex stimuli, each to a minimum of 8 out of 10 trisle, each
learner in Group 1 had a minimum of 40 trials ae compared to a
minimum of 20 triale for Group 2 on the ineoualities apparatus.

In a sense, Se in Grour 1 overlearned, acquiring at the esame time
a resvonce eet to respond to the etimulue containing more (or
lese) objecte. "hen S reached the equivollence and non=-enui-
pollence eituation, such a response set would interfere with
acquieition. Every non-equivollent pair of picturee (and half of
the stimuli with which he dealt with were non-equipollent) pres-
ented S with a situation in which he could respond either to the
picture with more or to the picture with lese objecte in it,
whereas the correct response would have been to prees the button
indicating an unequal number of objects. 1In support of the gver-
learning hyprotieaie, it was noticed during the experimental
eeeseion that several of the cnildren when they were learning equi-
pollence and non-equipollence coneietently reeponded (and

7
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verbalized that they did so) to the pictures with more objecte
when pregented with non-equipollent stimuli, despite repeated
verbalization by E of the different concept to be learned.

Whereas it is clear tnat the concepts described here can be
learned by any of the methode ueed, experimental or pedagogical,
the reesulte of Group 4 indicate that the experimental method
follcaed by a very brief veriod of training with paver and pencil
will be followed by virtually perfect performance. The fact that
in Group 4 a small amount of training with paver and pencil after
acquieition of the four concente had been established wae sufficient
for the child to perforu effectively on the teet and that the Group
1l and Group 2 children, ‘'without any paper and pencil training,
still performed as well as the pedagogically trained children
wno had had continuous training with paper and pencil ie particu-
larly interesting. It ie often amsumed in pedagogical circles
tnat proficiency with paver and pencil snould be well established
before abetract concents of the kind presented in thie study are
introduced. But the results described here suggest that if the
concepte are firmly established (ae in the experimental Groups
1l and 2), the child will transfer to a paver and pencil situation
quite adequately without any nrevious training.
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Experiment 2

in the present experiment very young children, three- and
four-year-olde, learn "more than'" = half with pre-training, the
other half with no pre-training and performance on the final
"more than" tzek ie compared acroes groups. The effect of cued
instructions ie aleo examined acroee Ss.

There were 84 nursery school Se ranging in age from 36
to 41 monthe with a mean of 35.14 months represent the three-
year-olde and 48 children ranging in age from 42 to 52 monthe
with a mean age of 46.67 monthe, the four-year-olde.

All the children viere reaquired to learn "more than" on the
complex atimuli with from 1 to 3 objects in each victure of a
rair of victuree presented on each trial. Each child was taken
through 36 trisle a day to a criterion of eiwht succeeeive
correct responses or a maximum of 1C8 triale. Half of the child-
ren at each age level were fiven pre-training triale on the
eimple stimuli, i.e., the victureszs were all made up of striated
balls., Half the children at each age level were given cued
instructions (the word *more" waes included in the instructions).
The other half of the children at each age level were eimply
required to press one of the pictures preesented to them. The
cued inetructions were:

"Look at the picturee; look at thie picture and
look at that picture (E pointe to each picture

in turn). rrees the nicture with more balles with
your fingers (E pointe to the correct picture

and the child subsequently presees that picture).
‘'he lipht went on; that wae the ripght picture.
Preee the other picture; no light;. it must be the
wrong picture. Press the other picture, the one
with more dballe, again. Yes, the light went on.
That ie the right picture. Let's look at another
picture,"

On the second trial, E again saye, "Look at thie
picture, look at that victure (and voints to
each picture in turn). Prees the one with more
balle; make the light go on." If S reeponde
incorrectly, E says, "Try the other picture",

The design described above is presented in Table 1.




Table 1

Experimental Design (3-year-old §a)(1)

Groups N Stimulue Conditiones Instructione
1 8 simple complex cued
2 8 complex cued
3 8 gimple complex no verbal cue
4 8 complex no verbal cue
(1)

The design is repeated exactly for the 48 four-year-olde
with 12 Se in eaca group.

Results

Three-year-olde. Of the three-year-olde in Group 1, all 8
reached criterion on the vnre-training task, and 7 reached
criterion when transferring to the complex stimuli task. In
Group 2 only three of the eight children reached criterion on
the complex taek without any pre-training. Both Group 1 and 2
children received the cued instructione. Of the two non=-cued
groune, six of the eipght three~year-olde in Group 3 reached
criterion on the pre-training task and five esubsequently
transferred succeesfully to the complex stimuli eituation.

In Group 4 only two of the eight children reached criterion
on the complex etimuli with no pre-training.

Four-vear-oldg. In Group 1, all 12 of the four-year-olds met
clPiterion on the pre-training taek and succeessfully transferred
to the more complex =timuli. In Group 2 only eight of the

12 four-year-olde met criterion on the complex task without

any vre-training. pMoth Grouo 1 and Group 2 hed cued inetructions.
Of the other two pgroupe of four-year-olds with non-cued
inetructions, 11 of the 12 S» in Group 3 reached criterion on
pre-training task and succeszefully traneferred to the more
comnlex etimuli. In Group 4 seven of the 12 children reached
criterion with complex stimuli with no pre-training.

Table 2 describes the number of Ss reaching criterion in
each of the eight groups.

10
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Table 2

Number of S# Reaching Criterion
in 8 Groupe of 3- and 4-Year-01d Children

3-year-old Se h-year-old 8es
Tyve of Group Simple Complex Group Simple Complex
m Stimul Stimuli Stimul
cued 1 (N28)| 8 ? 1 (N=12)} 12 12
cued 2 (N=8) 3 2 (N=12 8
non-cued 3 (N=8) 6 5 3 (N=12) 11 11
non-cued 4 (N=8) 2 4 (N=12) 7

Mean triale to criterion and mean errore between pre-training
and no- pre-training grouvre in transfer are eignificantly different
at each age level and under both cued and non-cued conditione,
with performance of the pre-training groupe always the zuperior.
Triale to criterion and errore for all eight groupe are
presented in Table 3 and Table 4, respectively.

Table 3

Mean Triale to Criterion for the Learners
in 8 Grouve of 3- and L-Year-01ld Children

3-year-old Se l-year-old Se
Tyve of Group Simple Complex Group Simple Complex
Instructione Stimuli Stimuli Stimuli Stimuli
cued 1l 33063 30000 1l 1305 1}.6?
cued 2 61.67 2 29.88
non=-cued 3 2505 1606 3 32 . 91 18036
non=-cued 4 : 28.5 4 30.86
Table &
Mean Errore to Criterion for the Learnere
in 8 Groupe of 3- and 4-Year-0ld Children
3-year-old Se b-year-old Se
Type of Group Simple Complex Group Simple Complex
, Inetructions _Stimuli Stimuli Stimuli Stimuli
cued 1 { 11.25 7.14 1 2.0 2.33
cued 2 23.0 2 9.75
non-cued 3 7.66 4,2 3 10.27 3.27
non=cued 4 1105 4 11.14

The three-year old Se in the cued no pre-training group
(Group 2) take very many more triale to criterion and make more

11
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errors than the non-cued no pre-training group (Group 4). But
there are, of courese, only 3 and 2 learners in Groupe 2 and &4,
respectively.

Diescuesion

It ie clear from the present results that children as young
aes three and four years old can acquire the concept “"wore than",
even when the stimuli presented to them are of the complex type .
described here, and that the effecte of pre-training with eimple
stimuli facilitate subesequent transfer at both age levels.

In the caese of the three-year-o0ld, facilitation applies both
to performance of thoese S£ who reach criterion and to the number
of esucceeseful learners, i.o.. in Groups 2 and 4 (no pre-training)
only 3 and 2 Se, reepectively, met criterion in Task 2. The
four-year-0ld learneres, on the other hand, in the pre-training
groupe took fewer trials and made lese errors to criterion, but
the number of Ss who traneferred esuccessfully, although lese, was
not notably different from the no pre-training groupe (Table 3).

The effects of including a verbal cue in the instructions has
little effect at the four-year-old level, but for the three-year-
olds the effect seeme to be very considerable. Verbal asesistance
apparently retarde learning. W%ith so few learners in both groups,
however, ro final statement can be made.

12
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rxperiment 3

ln Experiment 2, three- and four-year=olde succeesfully
acquired "more than" when the stimuli preeented to them con-
eieted of 1 to 3 objecte in a sget of objecte. In the present
experiment the five-year-old child ie reaquired to leara both
"more than" and '"leee than" with stimuli made up of paire of
picturee with 2 to 6 ob'jecte in each picture. In thie caee the
following questione are vosed: 1) Can the five-year-old succees-
fully acavire inenualities under the exprerimental conditions
described? 2) Are the concepte "more than" and ‘'leee than" of
equal difficulty? 3) Does rre-training facilitate acquisition of
the concepte? 4) What training situation, “"more than" or "less
than", moet facilitates a subeequent reversal ehift?

Subjects

The Sz, 60 nureery echool cnildren 4¥% to 5% years old, with
a mean age of 58 monthe, were randomly assipned to four groupe.

Design

Half the Ss firet learned the concept ''more than", the other
half "leee than". All Se reversed to the alternate concept- the
“"more thane'" to '"less than''; the "leses thane" to ''‘more than".
Half of the "more thane" had a "more than" pre-training task
and half of the "lees thane" had a "less than" pre-training
task; tne othera had no pre-training.

Bach taek, "more than' or "lees than", had two parte, the
child first being taken to criterion on “eimple" and then on
?complex" etimuli. These two parte, easy to hard, conatitute
one task. All Se after reaching criterion on both kinde of
etimuli, reveree to the alternative concept. Again on the rever-
eal they go to criterion on the simple stimuli and then on the
complex etimuli. Half of the Ss also experienced pre-training.
Table 5 preeente conditions for each of the four groups.

Table S

Deeign - Experiment 3

Taek 1 Taek 2 = Reversal
Group 1 Fre-training "
Group 2 | No Pre-training Learn "more than Learn "leege than"
Group 3 Fre=training ' ' "
Group 4 No Pre-training Learn "lese than" Learn "more than

In pre-training the etimuli uesed contain from 1 to 3 objecte
in each picture of any pair of picturee, whereas during the
training proper, each picture containe from 2 to 6 objecte. An
example of both kinde of etimuli are presented in ligure 4.

13
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Figure 4. Examplee of stimuli used in pre-training and Taeke
1l and 2.

The conceprts to be learned, "more than" and "lees than",
were not verbalized for § who wae simply told to look at =ach of
the two picturee, preese a picture, and make the light come on.
The child wae given 42 trials per day to a criterion of 8 out of
10 correct reeponees or a maximum of 126 triales on either part
of the tagk. An overt correction procedure was ueed throughout.

Results

1) Fifty-eight Se learned the vre-training and/or the pre-
reversal tagk. Seven Se were unable to make a reversal ehift.
Figures 5 and 6 show the mean number of triale to criterion for
training and each task (each data point including two eete of
criterion triale from the simple and complex varts of each task).
The range of triale to criterion on each rart of every task was
from 10 to 40 trials, which includee a criterion of 10 trials.
There iz no doubt that children can learn the concepte and quite
rapidly.

2) The quemstion of which concept, "more than" or *“leee than",.
ie easier for the young child ie anewered very clearly by the data
presented in Figure 5. 1In the preesent experiment at least it is
much eagier for a five-year-old child to learn “more than*. The
children who initially learned "“more than" and later were re-
veresed to "less than, in fact took significantly fewer triale and
made lees errors than the "lese than' groupe acrose all taske.

3) In previoue expzrimental work by the writer with different
and more difficult taske than tho=e presently used, nre-training
not only facilitated learning, but wam absolutely eessential for
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many children in order for them to learn. 1t avrears here,
however, that the first part of learning task 1 (simple stimuli)
was sufficiently easy for the five-year-olde 20 that pre-train-

ing did not make a significant difference in subsequent per-
formance. :

4) Perhape the most interesting and certainly most unex-
pected regulte of the preeent experiment are those which show that
the children who learned on "less than' not only took longer on the
initial diecrimination, but also took longer to reverse to '"more
than" (experimentally shown to be the easier concept) than the
children who reversed to the more difficult concepts, "leee than".
Apparently starting with “"more than" was more facilitating
throughout all learning in the preesent experimental situation.

“"More Than"

70 eveweseceee "Less Than"
- ”"
60 -
,’
/7
Mean /
7
triale to 50 Y
criterion \ /)
4o
20
20
~
o7, X .
Pre-training Task 1 Taek 2
Reversal

Figure 5. Mean triale to criterion on "more than" and "leee than".




Pre-training
cscececceece NO Pre-training
60
50
Mean 40
triale to
criterion
30
20
& |
0 7 . \ N
Pre=-training Task 1 Taek 2

Reversal

Figure 6. Mean triale to criterion by groups with pre-training
and no pre-training.
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Experiment &

The five-year-old Se of Experiment 3 learned "more than"
quite eaerily, even with stimuli made up of paire of pictures with
from 2 to 6 objecte in each picture. However in that experiment
all the children were first taken to criterion on the "eimple"
and then transferred to "complex" gtimuli. In Experiment 4 the
etimuli used are again made up of from 2 to 6 objecte in each eet
and performance of the same age children is compared between
those given and thoese not given pre-=training with the "eimple"
gtimuli. In addition the effect of the overt correction vs.
the non-correction method is examined.

Design

Sixty subjecte between the ages of 4% to S5¥% years old were
randomly aseigned toc four groupe- two of which received pre-train-
ing with the simple etimuli and subeequently traneferred to
complex estimuli- the other two groupe receiving no pre-training.
The number of objects in each pair of picturee presented on any
trial ranged from two to six. Half the children in the pre-train-
ing and half in the no pre-training groups were required to make
an overt correction responce, the other half did not. The deeign
is presented in Table 6.

Table 6
Design - Experiment 4

Group Response Method FPre-training (Taek 1) Transfer (Task 2)

1 Correction Simple stimuli Complex stimuli |

2 Non=correction Simple stimuli Complex gtimuli

3 Correction Complex etimuli

4 Non-correction Complex stimuli
Results

Table 7 presents the number of learners and mean triale to
criterion for each of the four groupe. '

Table ?7

Triale to Criterion and Number of Se Meeting Criterion
in Four Groupe of Five-fear-Olde (N=15 in Each Group)

Group Mean T/C - Number of Mean T/C Number of
Simple Stimuli Learners  Complex Stimuli Learners
1l Correction 20.60 15 12.73 15
2 Non-correction| 37.71 14 18.92 12
3 Correction o 24,36 11
4 Non-correction| 38. 40 10
17




, . /
/'/

The results presented in Table 7 are very clear. Briefly:
a) The non-correction Se (Group 2) take significantly more trials
: to criterion during pre-training with the /aimple" etimuli than

the correction group (Group 1). ©b) In tranefer ("complex"

etimuli) there ics no eignificant dlffereqce in trials to crit-
erion between correction and non-correction Groups 1 and 2 but
the correction no pre-training Se (Group 3) take significantly
lese triale to criterion than the non=-correction no pre-training
Se (Group 4). c) Following pre-training Ss take significantly
less triale to criterion than the no Yre=training groupe, both
under correction and under non-corrﬁ?tion procedures.

Discussion

In this somewhat more difficult task (2to 6 objects per set,
rather than the original 1 to 3),/pre-training appears to be
helpful in that significantly more triale are needed by the no
pre=training groupe in the complex stimuli eituaticn and at the
gsame time 9 learners are lost in that eituation as compared to 3
in the pre-training groups. Apparently aleo the task is sufficiently
difficult to make the overt correction method facilitative at the
pre=training level in Groups 1 and 2 and at the complex estimuli
level in Grouve 3 and 4. The number of learners however, in the
present experiment, is not much affected by the response method
employed.

Experiment 4 Follow-up

As a matter of intereet, and as 6 of the 9 non-learnere in
Groups 3 and 4 (no pre-training) remained available, all 6
children were subsequently taken through the '"eimple'" pre-train-
ing task and then, if they met criterion, transferred once more
to the "complex" stimuli. Two of theese six ''non-learners" were
from Group 4 (non-correction) and four were from Group 3
(correction). The same response procedures were maintained in
the new egituation.

Results. Five of the gix children met criterion in pre-training
and all S transferred succesefully. There was a very large
difference between the children of the original pre-training.
groups (28.86) and the present Se (59.0) in mean triale to
criterion on -the "eimple: stimuli, but the transfer means were
very close (15.48 and 12.6, reepectively). Apparently the pre-
training seseion clarifies the concept very succes~afully for the -
young child = although the unsucceseful experienc: with the
complex stimuli for our originally "non-learning"” Ss may have,
in coneideration of the number of trials taken in pre-trnining,
interfered considerably with eubsequent performance.




Experiment S

Experiment 5= although a follow=up of one of the exveri-
mental probleme describhed here (cued inetructions)- presents a
somewhat epecial gituation ae the nopulation cannot be con-
sidered identical with those of tne previour four experiments.
in the preeeri came although the socio-economic background of the
Se ie not different from that of the other groupe reported- the
source school ie a college echool ueed to train nursery school
teachers and had a first-class teaching zituation. The population
ia aleo quite stable- all the children taken through the experi-
mental procedure had been attending the school for approximately
one year- the other nureery achoole from which Se have been
obtaired are not often =stable in thie senee, children tending to
come and go during the echool year. Finally, and moet importante-
ly, Experiment S5 was run in the final month, may, after the
children had been exposed to at least a year at a ®chool with
unueually high teachine standarde. The Se in thie Experiment
therefore, are initially better trained and more used to the
learning eituation than any of the Ss vpreviously run.

The problem presently investigated wae that of cued
instructions. 1In Experiment 2 when three~year-olds were in-
etructed to prees the picture with "more" balls, Se did less well
than when eimply told to "preee a picture" - without any verbal
restrictions on which picture should be chosen. In Experiment 5
the effect of verbal cues ie examined with five-year-olds. 1In
the present esituation however, as it ie clear from the resulte
of Experiment 4 that the five-year-old can acquire "more than'
quite eaeily- even with 2 to 6 objecte in each set of objects
pregented to him=- without verbal cuee, the verbal cues are given
only at the point at which experimental evidence indicates that
the task is likely to be more difficult. The child first learns
"more than" without any verhal cuee and ie then given reveresal
cues and traneferred to "less than".

Twenty-eight Se ranging from 4% to 5% years old were random-
ly assigned to four groups. Fourteen Se received pre-training
("more than") on the eimple stimuli, 1% did not. All were re-
quired to learn "more than" on the complex etimuli. Malf of the
pre=training and half of the no ore-training groups were given cued
reversal inetructions, i.e., “Now the other picture makes the
light come on" (theee instructions were repeated between the firet
few trials if the S nushed the incorrect picture). After the
revereal inetructions Se were required to learn "lese than" on
the complex stimuli. The remainine Se were taken through the
tame procedure without the cued reveresal instructions. Each
child waes given 42 trials ver day to a criterion of eight out of
ten correct or a maximum of three dayes. Table 8 vreeents the
Deaign.
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Table 8
(1)
Design = Experiment 5

Group Pre=-training Taek 1 Tack 2 Reversal
(*more than") ("more than") ("leese than")

1 (N=?) Simple stimuli | Complex stimuli | Complex stimuli Verbdal cue
2 (N=?) Simple stimuli | Complex stimuli | Complex etimuli No cue

3 (N=7) Complex stimuli | Complex stimuli Verbal cue
4 (N=7) Complex stimuli | Complex etimuli No cue
(1)

All stimuli are made up of from 2 to 6 objects per individual
ricture.

Rerulte and Discussjon

There wae virtually no differences in triale to criterion
between the cvre=training and no ore-training S8e, but a highly
gignificant difference between the cued and non-cued on reversal
(Table 9). Only two children failed to learn all tasks, and both
were lost on the reversal task, one in Group 1 and one in Group 3.

Table 9

Mean Triale to Criterion for Five-Year-Olde in Experiment 5

Group Pre=training Task 1 Task 2 Reversal
Sisple Stimuli  Complex Stimuli

| 17.57 18.14 38.50 . cue

] 21.00 21.71 26.00 no cue

3 20.00 41.67 cue

4 2‘..29 : 26.“) no cue

Ae expected the experience of Sa in the present experiment
had a profound effect upon the "pro-training ve. no pre-training"
resulte. In Experiment 4 pre-training facilitated performance on
Taek 1 = in the present Experiment trials to criterion are almoat
identical for Task 1 acrose all four groups.

The resulte in respect to the '"cue" independent variadble are
varticularly striking in view of the comparative "eophietication"
of the present Ss, confirming as they do the earlier resulte of
Experiment 2 with the younger children. Ae with the three-year-
olde the more explicit inetructions appear to interfere with the
child®'s learning efficiency. Vith no cue given (Groups 2 and &)
the children reverse to "lese than" and take almost the same
nuaber of triale as in acquiring "more than" (unlike all of the
earlier and less well-prepared 83). Given a 2imple cue on the
other hand (Groupe 1 and 3) Ss take significantly more trials to
acquire "lese than" than they did "more then".
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General Diecueseion and Some Conclueions

The experiments described here nrovide overwhelming evidence
that nursery school aged children can learn simnle mathematical
concepte and, moreover, learn tnem very rapidly. An experimental
trial takee no longer than 5 seconde, hence a day's eeeeion of L2
triale- including the child's introduction to the apparatue and
gzeneral inetructione- does not exceed 10 minutes. And a sizeable
number of the children learned a concept in one eeesion, that ie,
within ten minutes.

There cen be little doubt that a child who recognizee eix
objecte -all different- arranged, for example, in non-parallel
lines as more than five objects -again all different- arranged in
a etar pattern, is reesponding to the number characteristic of the
eete of objecte. Especially =0 ae he will on a later trial have
to choose the same five objecte in tne same star vattern ae the

picture, in a nair of victuree, with the more objecta. The complex

gtimuli, where the objects in each picture are from two to six,
preeent even to the adult a rather complex appearance. A new
experimenter in the eituation is alwaye surprieed at the speed
with which the child will correctly reepond to the paire of
picturee presented to him on each trial.

And when, having acquired "more than", the five-year-old
child reversee to "leee than' hie capacity to comprehend the
quantitative aspecte of hie environment cannot be in doubt.

The comparative difficulty of "more than" and "lese than"
(the naive young child finds the former a much eacier concept than
the latter) is intereeting, but verhape not surprieing in view of
even the emalleet child'e exposure to the word "more" in his
everyday life, WVhat is, however, of particular intereest ie the
fact that if the child firet learne the eacsier concent '"more than"
and then reverees to “leee than", he will take leee triales to
acquire the eecond concept than »ill the child who learne in the
reveree order. Thies finding can be coneidered another confir-
mation of Lawrence's "eaey to hard" naradigm, a procedure ueed
coneietently in the vreeent exmerimentz wnere the children are
taken from "eimple' to '"complex'" etimuli. FEseentially one ensures
. that the child is presented firet with aberolutely clear examplee
which represent uniquely the concept to be learned. Once that
eituation is establimhed, tranefer, even to a revereal situation,
geems to follow quite eaeily.

The vre-training condition (on "mimnle" gtimuli) wae found
escential for tranefer to complex etimuli, for the three-year-old
child. And the five-vear-o]d, oreeented with picturee containing
2 to 6 objecte per picture did coneiderably better when firet
pre-trained with the eimple stimuli. The apge level at which
pre-training ie advantageous cannot, of course, be absolutely
establiehed but can be expected to chanpe with changes in
educational practice. In the yeare during which the preeent
writer hae performed experimental work with young children, the
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child's resronse to number concente appears to have accelerated
cont iderably- probably an effect of the increased numbere of
children exvoeed to early education, vlue such outside effects as
those of television's Sesame Street.

The question ie whether pre-training with the simplest
atimuli available, should necessarily be given. Given the
experimental results presented here, plue those remorted pre-
viously (Grant no. OEG-U-7-0700C7=-2891), it eeeme that in the
practical eituation it would be entirely advantageous to include
such pre-training at least for the preechool and first grade
child. There iz no question that with the more difficult concepts
euch as equipollence and non-equipollence of setes, pre-training
is very important and even with the easier concepte ("more than")
pre-training is essential with the very young child. But it will
be noticed that in all the experimente reported here, more children
reach criterion in the pre-training than the non-pre-training
groupe. Although in each experiment (except for the three-year-
0old group) there is no astatistical difference between numbers of
learnere in tne vre-training versue no pre-training groups;
neverthelese, there are always more learners following pre-training
and thie goes along with fewer triale and errores to criterion.
There egeems no reason to omit pre-training if there is a chance
that more learners may be picked up, particularly in view of the
fact that at thie early age even the child who learne most quickly
enjoye tremendouely all parte of the "game" - both simple and
complex gessions. We have never, in fact, in these experiments
ohgerved boredom in the young child.

Ferhaps a more pertinent queetion in the educational senee,
ie whether one should include a "complex" situation of the kind
introduced in the experiments reported here. Again I would
emphatically say "yes" in that transfer to a complex situation
provides unarguable evidence of the child'e acquisition of the
concept. The ordinary kind of teste become unneceeeary if the child
can demonetrate euch transfer- and one can detect, without giving

the child any senee of failure, those who have not acquired the
concept.

That the child i=s not given a senese of failure is considered
a rarticular virtue of the method described here where the overt
correction procedure is used. The experimental gituation in fact
provides a rame situation for the child and with the overt
correction procedure the correct picture lighte up at the end of
each trial- #o that the child ie alwaye, finally, succeessful.
In fact, children who have not done at all well during the
ceceion have expresced delight with their succese in dealing with
the task and "making the light come on'. And the illusion of
succese doee not interfere with acquisition of the concept in
later seseione, as the results of Experiment 4 indicate.

In Experiment 4 the effect of the overt correction procedure
wae to facilitate learning with the initial "eimple"™ etimuli-
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once eatablished there was no significant difference between
correction and non-correction reeponse groups in transfer. In
the groupes without pre-~training the difference in mean triale and
mean errors to criterion was highly eignificant. In previous
experimentse run by the preeent writer, with elightly older children
(five and £ix year olde) and difficult number tasks, the same
kind of facilitation of learning was found. Where the concept is
very easy for the child and he acquires it immediately, requiring
an overt correction response is not likely to improve performance
noticeably. Nevertheless, as there is evidence of facilitation,
and none whatsoever that the overt correction procedure hinders
learning in any way and as it ie not poesible at the outset to
categorize taske into "easy'" and "difficult", it would seem
reasonable to include an overt correction responee at least at
the pre-echool level. From observation the correction response
aprears beneficial in that it draws the child's attention to the
characteristice of the correct response while at the esame time,
as pointed out, finishing each trial with a succees experience
for the child.

From the results of Experiment 1 it is reaseuring to find that
the pre-=school child can learn at least the mathematical concepts
pregented here via the pedagogical method. The difficulty with
the pedagegical method is, of course, that success depends very
strongly indeed at this age level unon the adequacy of the
teacher. The experimental method, on the other hand, depends only
upon following routine steps~ steps which can be performed by
almost anyone given half an hour's appropriate training- teacher's
aide, parent, college student. The advantage of the experimental
method ie probably largely that the experience given (42 trials
per day to a maximum of 126 trials) ies so much more for the
individual child than is poseible with any other method, and
consequently the child is exposed to a great many different
examplee of the concept to be learned. The amount of experience
provided for each child plue the procedural advantages-~ contiguity
of stimulus, reeponee and reinforcement; immediate feedback; and
individval attention explaine its effectivenese. This, plus
eaege of administration and the brevity of the period needed (10 ;
minute seseions per child over a few days) suggest that it might :
provide a very powerful teaching aide in the practical situation.

SR

From the results deecribed here, three probleme arise which
‘deserve to be followed up to a more final conclusion. These are:

1) From the resulte of Experiment 1. Should paper and
pencil activity with the concept to be learned be held back until
the concept is firmly eetablished? 1In Experiment 1 the child who
firet learned the four concepts required by the experimental
method was able to deal quite well with the vencil and paper test
without prior worksheet experience. Where the child did receive ]
minimal training with worksheets, following acquisition via the ;
experimental method, hie performance on paper and pencil test was i
virtually perfect.
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2) From Experiments 2 and 5. Should verbal activity with
the concept to be learned be held back until the concept is
firmly established? In Exverimente 2 and 5 giving a verbal cue
to the child '"Prese the picture with more balls" or "Now the
other picture makes the light come on" were both found to elow
down acquisition. Thie is 20 surprieing a result (at least
heyond the three-year-old level) that the effecte of eimple
cueing must be re-examined most carefully.,

3) Experiment 2. In the experimental eituation deecribed,
does the three-year-old, in fact, learn "more than" as a number
concept? It can, for example, be suggested that as the stimuli
presented to the child are made up of pictures of from 1 to 3
objecte only, the child may be learning to approach many objects
(2) and avoid a esingle object. But, in the first place ae each
number in the final task, is made up of different objecte arranged
in different patterne it seeme parsimonious to aseume that he
is at least responding to the number vproperty of the pictures
preeented. And secondly, as the older children gave the same
responges ae the three-year-olde, when presented with eimilar
stimuli in the first experiments, but demonstrated that they were
indeed acquiring "more than" when vresented with stimuli made
up of two to egix objecte, it seemes reasonahle to assume that the
three-year-old ies learning the eame concept. It is, in fact,
difficult to deviee eituations for the three-year-old which are
not too difficult for him and which will indicate unequivocally
what he ie learning. rerhare the beet invesetigation of thie
quecstion would be a follow-up of the present three-year-olds
where, at a later age, their esuccess and epeed in acquiring
inequalitiee with stimuli involving at least 2 to 6 objecte are
compared with naive children of the same age.




