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ABSTRACT

Key elements in the construction of an operation were
an integral part of an empiracal study designed to test practaical,
pedagogical implications of the Piagetian model of cognitaive growth.
A total of 49 kindergarten children were pretested to determine thear
levels of seriation and classification operations. Pretests were
conducted with a battery of Piagetian tasks that had been refined in
a pilot study ainvolving 50 additional children. Subjects were
observed in a classroom where a learning center was equipped with a
manipulative number board designed to foster seriation and
classaification skills. The number board was available in a
free-choice format during a "free-play" activaity hour, 4 days a week
for a total of 15 days. Children were then posttested. It was
predicted that childrenh in transitaional phases of constructing
logical operations would freely choose to use the board more than
children would who had aiready constructed these operations or were
not close to constructing them. Decalage, which was based on how much
variability existed among test sores measuring the same operation,
was used as an index tc determine which children were experiencing
internal cognitive conflict. As predicted, children with the highest
decalage scores used the manipulative number board significantly more
cften and with greater variety than did their low decalage
counterparts. Board use was found to be significantly associated with
gain in seriation scores. (RH)
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RESEARCH ABSTRACT

Thlc- study is based on Plaget’s equillbration model which
implies that Internal cognltive conflict {l.e., disequllibrium
motivates a child to Investigate the external environment in hopes of
resolving his or her Internal conflict. The result of this conflict,
investigation and resolullon !s cognitive growth . It was predicted
that chiidren in this study who were In transitional phases of
constructing loglcal operations (l.e., seriation, classification an1
conservation) would freely choose to use a manipulative number boarz
offering seriation, classificztion and ronservation experiences more
than children who had already constructed these operations or were noct
close to constructing them. Decalage, based on how much variablility
exlsted amung test scores measuring the same operation, was used as an
inciex to determine which children were experiencing Intenal cognitive
cunflict. As predicted, those children with the highest decalage
scores used the manipulative number board significantly more often and
with greater var! .ty than their low decalage counterparts. As a
corollary to the main research question, a positive relationshlp
petween board use and pre-to-posttest change was predicted. Board use

was found to be significantly associated with gain In Seriation

gcores.




The question, what !s learning and how can it be promoted. has
been pondered by people for centurles. Since Jean Plaget's theory of
cognitive development first became known in this country,
psychologists, educators and parents have enthusiastical!ly sought to
make It the answer to that question. The relationship of structured
experience to the construction of logical operations described by
Plaget (e.g., serlation, classification and number conservatlion) lIs
continually Investigated. By examining the transitional phase between
not having and having constructed these operations, researchers may
discover ways to facllitate learning. For example, research by
Siegler (1981) Indicates children pass through several phases of
understanding as they construct the concept of number conservation.
Siegler found that chlildren use up to thrse strategles (l.e.,
counting, one-to-one correspondence and analysis of the
transformatlon) to perform number conservation tasks. Strategy
preferences are presumed to be related to the quallty of the child’s
thinking. As teachers of young chlldren learn abcut this gradual,
multiple-step process, they are more likely to offer their students
number actlivities based on transitional stages rather than on any
ultimate objective. Counting activities would occur less often as a
rote exerclse 1f a teacher were sensitive to the many levels of a
child’s thinking that precede the simultaneous cocordination of
cardination and ordination Involved in counting to 10. Research that
examines transitional thought processes could reveal an optimum time
or phase when a loglcal operation would most likely be constructed by
the child. Information such as this would be especially useful to
educators.

Plaget’s theory (193§/1952) impllies that Internal cognltive
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conflict (i.e., disequilibriuu; motivates children tc ponder, to
consider, to examine :l.e., to think). This Inte-~nal conflict remains
until some vind ot resclution 18 reached ard the irnternal cognitive
conflict resclved (i.e., equilibriun 18 restored). The resolution can
be logical or {llogical by adult staudards. Jowever, if it is
acceptable to the child, the Internal conflict eases, albeit
temporarily if that rescluvtion is not logical. The most powerful
pedagogical point %o be drawn from Plaget’s theury of equ:libration ls
that a child In a transitional pha3e, betore an intellectua: structure
is formed, i3 capable of inciedible Intellectua! breakthrougnhs. For
example, a chlld who lnmperfec.ly perterms a logical operation
(mismatching pairs of dinosaur3) when confronted with evidence of
hie her error (the last twe dinnsaurs do not match) may vigorous™ -
seek out objects in the environment that wiil help him construct a
higher level of coordination (recheck other dincsaur rairs). If
proper objects are found, the result is a better coordination of the
partially constructed relationehip. 1In this marner. counitive growth
ensues.

Research on conservation training has been carried out by

investigators who seek crucial experiences that could nudge

non-conservers into ccnservation. An early Study by Wohlwill and Lowe
(1962) examined the effects of relnforced practice, of biasing
perceptual cuss and of addition and subtractlion on the acqui=ition of
congervation. A more recent review of inducing success on
concrete-operational tasks by Gelman and Balllargeon {1983), examines
the effects of tralner modeling of more mature problem-solving
behavior, adult Instruction in which contradictions In the child’s

logic is pointed out and a correct explanation is offered, repeated
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experiences In counting and matching, and memory training which heips
the child remember the component parts of the probiem. They argue
that “to the extent that preschoolers can be shown to benefit from
training on some concrete-operational task, then to the same extent 1
they can be assumed to possess (at least part of the) structural
capacities relevant to this task" (p. 175). Plaget (1964), In
commenting specifically on Wolhwill‘s researcn, acknowledged that
wolhwill was able "to ortain a certalin learning effect' (p. 17).
Pilaget explained this by saying that learning was made possible by
basing more complex structures on simpler structures, "that is, when
there 1s a natural relationship and development of Structures and not
simply an external reinforcemert® (p. 17). Plaget stressed that
learning le subordinate to development. He was skeptical of research
done in which the investigators have claimed success In the teaching
of operational structures. He belleved that the Internal process of
equillibration cannot be manipulated externally. Plaget, 1964, asked
three questions of investigators purporting to have developed a
successful conservation tralning procedure: (a) ie this learning
lasting? (b) how much generalization Is possible? and (c) are the
appropriate simple structures, upon which the more complei'structures
are based, a part of the child’s cognitive functioning level? Gelman
and Balilargeon assume if children are receptive to training of
complex structures then the necessary simple, underlying structures
are present by definition. Piaget’s other two questions are rarely

addressed in operational task tralning experiments.

1f, as Piaget believed, the internal process of equilibration
cannot be manipulated externally, then researchers who conduct

empirical studies on the training of Plagetian tasks must be cautious
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In their claims i1f they have falled to consider that internal process
In thelr research design. The very nature of an experiment on
training logical operatiora! abilitles places the chlld (i.e.,
subject) In a situation that s/he has not freely chosen. If the
Internal process of equillbration is to function, It wiil . t be
bec.use an experimenter wishes it so. It will be because the child
freely experiences internal conflict and seeks to resolve it. A
random selection of young children ¢i.e., subjects) may Include some
children who are experliencing internal conflict related to the
operation in question, but many, and perhaps most, would not. There
are several other eiements that are often lacking In operational task
tralning experiments. Plaget and others have noted that the child is
more attractec to moderately novel objects and situations than to
famlllar ones. This attraction has been noted In Infants as young as
several days, through ali the stages of early chlildhood and Intu tater
childhood (Berlyne, 1960; Kagan, 1970; Plaget, 1972). Human learning
takes place best when it is somehow related to what the child already
knows, yet is novel enough to create interest and disequillbrium.
Once that internal mechanlsm starts to function, the child will
wrestle wi.h the incongru.ties until they are resolved and equilibrium
Is established. Again, what is both novel and related > what is
already known for one child ¢l.e, subject) may not be for the next.
Without con3ideration of the individual Subject’s past experiences,
internal cognitive conflict can not reasonably be predicted to occur.
The construction of an operatlon occurs slowly. It ltakes time. It
does not "happen® In a one-shot training session. Many experiences,

repeated again and again, contribute to the construction of multiple

phases prerequisite to the construction of the operation. In addition
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to time, there must be repeated opportunities to apply a newly
master'ed concept before moving on to more advanced levels (David
Elkind, 1974, u=es the term “"horizonal elaboration® to refer to this
process).

Key to the construction of a logical operation, vet lacking in
most training experiments are these four basic elements: (a)
free-cholce of the child to follow his/her internal schedule of
construction through the process of equillbration, (b) experiences
and/or materials that are moderately novel to the child, (¢) time for
the child to test and retest the operation to see if it IS indeed a
logical structure, and (d) experimental opportunities that promote
horizontal elaboration rather than vertical push.

If, as Plaget believes, a youngster experiencing
disequilibrium will wrestle with the conflict until it is resolved and
equilibrium is reestablished, then it should follow that youngsters in
confllct (caused by disequilibrium) will éeek out exveriences and/or
materials which offer them an opportunity for confllic" resolution. If
this is true, then specific learning opportunitites wou'd be
especially attractive to partlcﬁlar youngsters and of little interest
to others. What is termed disequilibrium by Plaget could be
considered each child’s most "teachable moment," that optimum time
when a logical omeration would most likely be constructed by the
child.

To test practical, pedagogical Implications of the Plagztian
model of cognitive growth, an empirical study was designed in which
the elements key tc the construction of an operation (i.e.,
free-choice, novelty, ample time, and horizonal elaboration) were an

intrical part of the research desigr. Ninty-nine kindergarten

S




page 6
children participated in this research. Flfty of these youngsters
provided pllot data that was used to refine and scale a battery of
Plagetian tasks (see note 1). Following this pilot research, the
remaining 49 children were pretested tc determine their leveils of
geriation (three scales) and classification (three scales) operations
with the refined instrument battery. The chlidren were then observed
In a classroom setting in which a learning center was equipped with a
manipulative number board designed to {cster seriation and
classification skills (Figure 1). This manlipulative number board,
which was the product of several years of development, provided
opportunities tor children to place a variety of objects (e.qg.,
marbles, golf tees, washers and cylinders) into various relations' ‘ps
(e.g., order, class, 1:1). The | _.d was avallable toc all the
children for 45 to 60 minutes per day. It was offered in a
free-choice format four days a week for a total of 15 days. Children
were neither encouraged to use nor were they instructed in how to use
the manipulative number board. One board was placed in each 2f two
kindergarten classrooms and was avallable, along with other
kindergarten materials, during the "free-play® activity time. The
duration and variety of board use for chlldren Judged to be in
‘cognitive transition® was compared to board use of other chilldren.
Finally, everyone was pos. ested on the Plagetian battery.

It was reasoned that children who were In cognitive transition
would display high decalage (i.e., high variability) across scales
designed to measure a common operation. Accordingly, each child was
assigned a decalage score for seriation operations on the basis of his
or her variance across the three seriation scales administered in the

pre-ieat, 3imilar decalage scores were assigned for claselfication.
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The chlldren were th2n grouped Into three categories: (Group A) those
children who dlsplayed little or no decalage (variabllity) for either
serlaticn or classiflcation operations (see note 2); (Group B) those
chilidren who displayed high decalage for one, but not the other, of
these operations (see note 3); (Group C) those children who displayed
high decalage for both operations (see note 4). It was predicted that
chiidren who were in cognitive transition (l.e., those in the highest
decalage group) would freely choose to use the number board more
frequently, for longer time periods and witn more varic . than their
peers who were not in transition.

The results were in accord with the predictions. Although
very few youngsters (there were four) were found who exhibited high
decalage In both serlatlon and ciassiflcation simultaneously, chilaren
of thia kind (l.e., those in Group C)> clocked, on the average, £6.9
minutes each on the number board; their low decaiage counterparts
(l.e., those In Group A) only clocked 20.3 minutes each. (See Table
1.) While these reselts were slgnlficant (decalage tends to aftfect
board use, p‘< .01), It may be most useful to discuss what practical,
general purpose thls knowledge serves.

The fact that so few children were in the high decalage group
(four out of 49) indicates that teacner-directed lessons and/or |ike
asaignments for the entire klndergarten class would be an
Inappropriate use of time (see note 5). Too few children may be in a
receptive perlod for any one "lesson” to warrant requiring the

attentlion of the whole group. Yet, while seeking a kindergarten

setting for this research, "he senlor researcher encountered

resistance from a school administrator who was afraid that the

*free-play” teriod required roc the research would deprive children of




valuable instruction time. One of the two kindergacten teachers
expressed concern about giving up classtime which she felt was nzeded
to teach the reguired reading and math readiness skilis. Because of
these concerns, the free-play period permitted (none was regularly
scheduled previous to this request) for the research was reducec irom
the requested 60 minutes to 45 minutes per day, and from five days per
week to four. Plaget (1964) showed that concept development cannot be
directed externally. Children are not passive recipients of
Information. There must bz internal challenge before the external

environment is investigated and lasting learning occurs. The best

teacher can not gjye her students this internal challenge. However,
the teacher can create an appropriate setting for each student to use
the cognitive conflict 8/he |s experiencing in the most productive
way. By allowing the key elements of free-cholce, novelty, ample time
and horizonal elaboration to function in the kindergarten environment,
the teacher Is best able to enhance the development of the chlld.
In this study the major research question was the relationship

between decalage and the use of a manipulative number board. Whiie a
signlficant positive relationon.p was found (children experiencing

alage tended to make use of the manipulative number board), the
corollary research question s of particular interest to advocates of
free-play for young children. Children who freely chose to use the
number board showed significant gains on their posttest, seriation
scores when compared wih those who did not make use of the board {see
note 6 and Table 2). Children experiencing disequilibrium seek
conflict resolution by acting upon the materials they find in their

environment. In thls Study, they gravitated toward the manipulative

number board. This was in keepling with the research prediction and
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reaffirms the Plagetian model of cognitive growth. Seriatlon,
pre-posttest, gain scores indicate that gain is significantly (p <
.05) assoclated with board use. Not =nly do children initlaie
confllict resolution by actively seeking out and interacting with
materials In their envircoment, but measureable, coanitive growth ls
likely to result from this Interaction. Certainly these findings make
a strong case for providing young children with regular periods of

free-cholice during which they are free to interact and experiment with

materials as they explore. invent and construct theilr own knowledge.




NOTES

1 Three Plagetian tasks for each of the operations were scaled using
a Guttmzn Sca:-~gram Analysis. A copy of the test battery may be

obtained by writing the genior author.

2. Group A children had consistent!y high scores or consistently low
scores for hoth operations. There was no evidence of decalage whlcé4
was used to Indicate the possibility of rognitive conflict. ‘Thus,

Group A chlldren showed no evidence of being in a period of cognitlive

confllct in elither serliation or claaslflicatlion.

3. Group B chlidren had scores that were lnconsistent on one of the
two operations. The respon3es of children In this group Indicate that
thinking was logical some but not all of the time on aope of the
cperations. The inconsistency Indicates horizonal decalage on either
serlation or clagsification and s assoclated with cognitive confllict

In that one operation.

4. Group C children had scores that were inconsistent on both of the
operations indicating that these children were experiencing high
cognitive confiict. Thus, Group C children were in a period of

cognitive transition for both serliation and classification cperatliors.

5. The other 45 chlldren vere likely experiencing varying degrees of
cognltlive conflict as they constructed other operations and sought
other materials to explore (e.q., blocks, house-':eeping, puzzles,

etc.) and which were avallable during the free-cholce activity perlod.

o
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The polint Is that children are busy thinking about and acting upon

what 12 of Interest to them,

6. There were no Signiflcant galns on clasai{ication posttest score.
This may Indicate that the children were not seeking the board for
classificatioun opportunities or it may Indicate that the
classification scales were not difficult enough to reglster
potentially higher posttest scores. Testing for decalage scores
requires a different instrument from the ususai pre-posttest

instrument.




TABLE L

Means, Standard Deviations, F-ratios, and a-priori comparison t-
ratios for Board Use, Board Use Adjusted for Attendance, and

Variety as a Function of Decalage Group Membership (See Notes)

Decalage
variable F-ratio t-ratio

Group C Groﬁp B Group A
(9= 4) (N= 15) (N= 30)

49.5C 18.93 18.93
Board Use 4.48* 2,93**
(25.17) (20.08) (18.65)

Board Use 56.90 21.96 20.26
Adjusted for 4,.74%* 3.06**
At+-endance (29.72) (25.41) (20.02)

2.53 1.17 1.15
Variety 2.55 2.22*
{1.20) (1.25) (1.12)

*p < .05 0

**p< ,01

Note 1. Group A included all subjects who displayed little
or no decalage for either seriation or classification operations;
Group B included those who displayed high decalage for one, but
not the other,‘ of these operations; Group C included those wvho
displayed high decalage for both operations.

Note 2. Board use scores represent the cumulative number of

minutes child attended to the manipulative number board;
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TABLE 2

Mean Pre- Posttcest Gains on Seriation, Classification, and Con-
servation, and Correlatirms of Gain scotes with Board Use (BU),

poard Use Adjusted for Attencance .BUADS), and variety (V)

Mean Gain correlation
variable .
(standard peviation)
BU BUADJ v
.08
Seriation .26% .23 .31
(1.00)
.81
Classification -.10 -.09 -.06
(2.25)
1.08
conservation -.06 .03 .00
t1.74)
*p < .05

Note 1. Board use scores represent the cumulative number of
minutes a child attended to the manipulative number board;

variety scores represent the number of ways a child used the

board.




Figure 1

Manipulative Number Board
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