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INTRODUCTION

The studies repcrted here are part of a program of research
exploring the instructional implications of Jean Piaget's genetic-ep-
istemological position, Piaget and his group at Gezeva have developed
an enormous body of knowledge awout the conditions which contribute
to cognitive development among children., The explicit intent of thiz
study has been tc look to this body of knowledge, and to extensions of
it, for variables which may be amenable to manipuiaiion i ithe
instructional setting,

Numercus siudies report attempts to accelerate the child's
attainment of complex numbexr- and science~related concepts.

Recently, a method has been developed which has been both successful
and soundly founded ixn theory, while at the same time holding consider-
able promice for wide applicability. Briefly, this method consists of
the experimental inducement of cognitive conflicts, One means by
which this may be accomplished is to make use cf knowledge of the
individual's misconceptions, and to introduce events which, when
coupled with these misconceptions, give rise to coniradictions. Such f
conflicts may prompt cognitive reorganization, whereby earlier,

mistaken conceptions are displaced and new concepts are attained.

Not all forms of conflict resclution may be so constructive, however. ‘ ]




Individuals may often rescrt to varicus forms of pseudo~explanation,
deny or fabricate data, or plead ignorance,

X the cognitive progress of children may be accelerated through

their zesolution of cognitive conflicts, then we need to know by what

. yarious means such conflicts may be produced, Moreover, if the

‘cognitive progress of some childrer is impeded by nonconstructive
forms of conflict resolution, then we need to identify these forms so
that, hopefully, we may train children to aveid them,

The presen: study is a report of two investigations related to
these problems. The first explores the effectiveness of three different
Procedures for producing cognitive conflicts, Each of these three is
designed tc prompt ﬁrat;grade children to attain the concept of con-
servation of number. The second investigation has three purposes,

The firat is to explore the effectiveness of a conﬂict:producing event

in prompting first-grade children to discard a more obvious, but
izrelevant, variable i~ a situation, and to consider alte~native variables
which are iess obvisus, The second is to identify nonconstructive medes
of cailict resolution occarring both with this and with a second conflict.
producing event, which is considerably more difficu. .or ﬁro@-grade
children to resolve constructively, The third purpose is to compare

the relative ircidence of various modes of conflict resolution occurring

between t40 groups of Srst-grade children that differ on certain social

and intellectual background characteristics,
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BACKGROUND OF THECRY AND RELATED RESEARCH

An Interpretation of Piaget's Equilibration Position

Since the present study is based largely upon an interpretation
and extension of the genetic-epistemological position of Jean Piaget,
certzin relevant conceptions from his position will be reviewed brieily,
Particular emphasis will be placed ox that aspect of his position concerned
with the equilibration process, According to Piaget (10), assimilation and
accommodation are the invariant functions in the process of adaptation,
The process of cognitive adaptation involves the assimilation of the
externally given to the individualls preexisting cognitive structure, and
the acceinmodation of the Preexisting structure to that which is being
assimilated. In this view, increasing differentiation of the cognitive
structures arises through a succession of equilibrations between
assimilation and accommodation, Robert S, Woodworth provides an
instructvz example of agsimilation and accommodation:
A chili on first seeing a squirrel called it a
“funny kitty,"! The new was assimilated to
to the old-«yet not completely since the new
animal wes "funny" (15, p. 469).
Let us place this instance ip developmental perspective,

fclloving Piaget'e position, At a somewbat earlier Jevel, the child may
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have detected no discrepancy between his concept of tkitty* and his

perceived attributes of the squirrel. He may have called the squirrel T

simply "kitty." In the absence of such discrepancy, the child would be
said t< have attained equilibrium between assimilation and accommoia-
tion, but at a very low level of conceptual differentiation, Assumedly,
the somewhat older child of Woodworth's anecdote first detected a
discrepancy between his preexisting concept of tkitty* and his perce ved
attributes of the referent, and in order to reconcile this discrepancy
modified the reference category to *funny kitty,' a category which for
him would accommodate the referent, As at the earlier level, the child
may again be said to have attained equilibrium, but at a new level,
associated with greater conceptual differentiation, Stili later, and at
least in part through further equilibrations, more complete differentia~-
tions may occur,

Some aspects of this position may now be summarized, First,
the position holds that there are many end states to the equil’ Hraﬁo;z
procegs, This is to say that there are many possible levels of equili-
brium, Secondly, since each successive zwi state represents a hizgher
level of cognitive differentiation, it corresponds to a higher level of
sttainment, Thus, the position holds not that a fully adeguate, veridical
concepiualization will result frum each equilibration, but, rather, that
compliex concepts may be attained by successive approximations, Each

successive equilibration is viewed here as the end state of a process
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consisting of several arbitrarily distinguishable phases. The starting

point may be no more than the vague impression that something is amiss,
or it mﬁy involve an outright contradiction, The effact of either ig to
produce 2 state of disequilibrivin,or conflict. This is held to be an
aversive state, which may lead, elther through further irquiry oz
directly, to cognitive reorganizaticn, This zeorganization resulis in
increased cognitive differentiation, In that this reorganizaiion resclves
the initial conflict, it also resulis in a new level of equilii;rimn; The
inquiry phase of this process may be clarified in terms of the earlier
illustration, It would répresem' any attempt the child might make to
secure additional information about the referent that could be of use

in satisfactorily categorizing it,

This process is general, applying not only to the construction
and modification of simple reference categories, but also to the
construction of more complex concepts or principles, For instance,
inhelder and Piaget (8) studied the course of attainment of the law of
floating b<dies, and concluded that in order for the subject to construct
it empirically be first has to eliminate 2 series of contradictions.
Piaget's account of the mechanisms involved in the "normal' acquisition
of such highly general concepts and principles serves ag a common

reference for a rapidly increasing number of studies, all exploring ways

to accelerate the cognitive progress of children,
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Investiyations Related to the Equilibration Position

Among the misconceptions characteristic of children at an early
level of deveiopment are these concerning the effects of deformatiora
performed on obiects or sets of ebjects, For iastance, they may f:il to
realize that the arnount of substance contained in an objsct is invariant,
or conserved; under deformations of the object, Similarly, they may
fail to conserve the properties of weight, rumber, 1engt13', surface area,
and the like, when objects or sets of objects are deformed,

Jan Smedslund was the first to explore the effectiveness of
experimentally-produced cognitive conflicts in prompting children to
atiain conservation concepts (12; 13}, By this means he succeeded, in
the absence of external reinforcement, in prompting children te attain
the concepts of conservation of continuocus and dis:ontimuous subatance."'

In a typical test of conservation of contiruous substance, one of
two balls of plasticine, or clay, which the child has agreed to contain
the same amount, is rolled out, in full view of the child, into the
elongate form of a sausage, The child is asked whether it now ;&om:’mé
more, the same amount,. or less clay tian the ball, Piaget's position

is that the noncernserver "ce:nters." oﬂ, or takes into account, only one
dimension of the deformed object, Thus, if he notices only that i$ is
longer, he will say it contains more, while if he potices only that it is

thinner, he will say it contains less, Piaget also holds that the child
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may atiain conservation when the zchemn of additing/subtraction

becomes dnrninant over these raluleacling figural cues. That is, the
child may come to hold that since no clay was added or taker away, the
amonnt muyt be the same,

Smedslund's procedure for produciag c¢:gnitive corfiicts followed
from Piaget's interpretation, It consisted of prompting nonconservzzs,
whese mistaken conclusions were presumably based oo figural cues, to
bring the addition/svbiraciion schema to bear, His position was that
taken jointly the figural cues and the addition/#ubtraction schema would
give rise to contradictory conclusions, but thst afier the child brought
the latter to bear, it wonld eventually come to be the dominant, or
preferred basis of conclusion, Smedslund's procedure was too cornpli-
cated to review here in detail, but, essentixlly, it consisted of presenting
two objecis {ox sets of objects), where one of the two wzs variously
deformed over a series of transformations, and repeatedly calling for
a comparison of the amounis as small bits of substance were added or
taken away fxom one of the objects, This was intended to prompt the
children to bring the addition/eubtraction schema to bear in subsequent
tests of conservation, involving similar comparisons. While he reports
data indicating that children submitted to this procedure out-performed
a ~outral group, Smedslund tells us nothing of the children's disposition

of the mistaken figurally-based conclusion iuvolvud in the contradiction,

A frequexit cornment zpaatancously offered by children who are being




tested for cepservation éa illumineting in thie regard. Thay will ofien say
that the éwc objects or sete of objects really coniain the same amount
out that they only look different,

The notinn that cognitivs progress way be prompted by conflict-
producing events has been proposed eisewhere by both educators and
psychologists alike. Dewey, in 1910, for instance, observed that

+++ the orvigin of thinking is some perplexity, ccnfusion,
or doubt, Thinking is not a case of spontaneous combus-
tion; it does not occur just on "general principles.’
There is something specific which cccasions or svokes
it. General appeals to a child (or to & grown-up) to
think, irrespective of the existence in his own expezience
of soine difficulty which troubles him and disturbs his
equiliprium, are as futile as advice to lift hirnself by
his boct-straps (5, p. 12).
One of the major conclusions enumerated by Humphrey ia the conclusory
section of his book on thinking is that

« s A problem is a sitzation which for some zeason

appreciably holds up an organism in its efforts to reach

2 goal, In practice the problem often though not alwayz

contains coatrvadictory factors, which have to be

reconciled (7, p. 312).

gt tACo T




o, Pl

B

s
Ve

,ﬂoﬂ\\'\_.\ . S ._.}‘HI [EET. PN

ARt
Pkecad

- o - o “Nd W A W, T £ M R 4 S - M. Ly il A, 1 o TR o1, 2N ST

More recerntly, Berlyne (2), and Fizget and Boriyne {i1), have
explored condi'ions ard constructs which relate to the equilibration
pesition, Beriyne has scught 4o extend aud reists the Piagetiax and
Hulifan positions, He holds that |

We roay reinterpret Piaget's view by regarding what
ae calls equilibriom as & class of hithaxto overlooked
souzces of drive azd reward propelling the lerning
process that give rise to generalized habits of
perception snd thought, The drive states that are
formesnied - by disequilitzinm arise not out of viscernl
disturbancen or avernive extermsl stimuli, but out of
unsatisfactory relations between the subject's own
responses, Changes in belavior that remove dis-
equilibrium are ones that avert surprise and
uacertainty (2. pp. 370-379).
In a more receat book, Berlync (3) provides a more extensive treatment
of this topic, including » section which treats it in terms of the currently
popular concepts of information theory.

Suchman (14), investigating the effects = inquiry training,
employed conflict-producing events for thz purpose of initiating inguiry
among children. Thile his investigation dealt principally with the trans-
fer of inquiry skills, it did cleazly demonstiate the effectivences of

conflict-producing events in prorapting Jnguiry,
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The present writar (9) has revi-%wed some of the instructiosal
implicaticns deriving fzom: Piaget's position on equiiibration, Particular
emghasis was givern o the neod for developing instructionsl materials
and procedurss capable of prompting inquiry and cognitive reorganiza-
tien, Two principnl means for preducing resolvable cognitive conflicts
are most often sugigestad, The Hrsi 38 to provide for direct confroata-
tions between the individualy and the coptent. However, these emcounters
should vot be haphazard. Ieather, they should be czrefully 2tructed so
as o previde evidepee which cannot be assimilnzed without inquizry and
cognltive reorganization, The second iz to arrange for communication
between individunls whe bring different corceplions to bear i consider-
ing an event, ard consequently arrive at conclasions which must be
reconciled by inquiry and cognitive reorganization,

Two experimenters have recently attempted to accelerate the
attainment of conservation concepts other than these with which
Smedslund dealt, employing adaptations of his procedure, Gruen £6)
expsrimented swith the conservation of number. He established two
groups, one of whichk received the conflict treatment, and one of which
did not. He further divided each of these groups into two, one of which
received pretreining in the discrimination of the concepts of 'mumber?
and 'length, ' and one of which did not, In» typigal test of conservation
of number', first two correspezdiing rows of objects are presented, then

one rew is deformed. Gruen held that in comparing the deformed and
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nondeformed rows, childrer often refer nct fo the relative number of
objscts but to the relative lengths of the rows, and consequently deny
ithat they have the "same,'" The protraining was intended to remove
this confusion. Hic results showed significantly greater attainment of
conservation of murnber in the pretvaining-plus-confiict group than in
the group which received neither pretraining nor conflict. Neither the
prefzaining alon- nor the conflict alone resuited in significant gair.,
Beilin {1} provided ¢{raining in the conservation of number and
in the connervation of length using four different procedures, oae of the
four heing an adaptatior: of an early procedure employed by Smedslund,
This adaptation wag not basad on the proceriure of the study
reviewed above, in which Sinedslund succeeded iv fraining children on
conservation of substance, but on the procedure of an earlier study,
Beilin began with tvvo corresponding sete of objects, then verformed
2 series of deformations ¢n one set, as had Smedslund, However, he did
not add to or subtract from either set in any of the states in which it
appeared. Recall that it was this addition and subtracticn which
Smedslund held to be the effective facter in eliciting the addition/
subtraction scherau, and hence in producing the cogmitive conflict.
Beilin reports ao significant improvement for the conflict group in his
study. However, it is poszible to devise a procedure moxe closely
correaponding to that which Smedslurnd employed successfully. Further

research is needad iz order to determine whether such a procedure,
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more clearly capable of producing cognitive conflicts, will prompt
the attainment af conservation of mumber and length where Beilin's did

not,
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FHASE I: THREE CONFLICT-PRODUCING
PROCEDURES AND THEIR EFFECTIVENESS
IN ACCELERATING THE ATTAINMENT OF
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Problem

The first experiment of .the presznt stady deals with three
separate precedures for producing cognitive conflicts, and with their
effectiveness in accelerating the attainment of the concept of conser-
vation of number among children, There are two main conceptions
generaily heid to underlie the conclusions given by children when they
are ptusented with the test of conservation of nurnbher, The non-
conserver is held to base his conciusion on the notion that more
extended arrays contain a greater number of el. ments. The attain-
ment of conservation is taken to require both that the additicn/
subtraction schemsa be brought to bear, and that it become the dominant,
or preferred, basis for conclusion, Brumer (4) comsiders the cffects
on categorization of the relative avzilability of reference categories,
He maintains that there iz an ordering of reference categories in terms
of their accessibility, Simnilarly, we may assume an ordering of the

accessibility of the reapective Lases for nonconservation and consexva=

tion, Bruner (4) also holds that the greater the accessibility of a

13
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particular category, the more likely categories which provide a better

or egually good fit will be me:ivd, In a like manner. the child's
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is viewed here as one which may mask +the addition/subtraction schema,

Accordingly, any coatradiction of the conclusion based on the former
may increase the availability of the latter, and give rise to conserva-
tion, Stnedslund's conflict-producing procedure (13) operated moze
directly to increase the availability of the addition/subtraction schems.
Presumably, the practice his subjects received in comparing objects

of different shapes @s additions and subtractions were being madle

promiiad thez: ¢o bring the addition/sublraction shem» ¢o bear oa

ol

hin

posttests of conservation, wherc no additions or subtracticos were
The three conflict-producing procedures employed in the first

experiment are all held to be capable of altering the relative availability

of the premises upon which conservation and nonconservaiion of muraber
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are based. To clarify the first of these three procedures, it will be

o

helpful to review the test of conservation of number, Typically, two

sets of objects are first presented in corresponding arrangements, &0

that the child will agree that they contain the same mumber. This may

e P e T s

be referred to as a "noncritical" state of the objects. Then one of the
two sets is deformed, and the child is again called upon to corxpare the i

number of cbjects they contain, This state of the objects may be )
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referred to as a "critical" state, in that it provides figural cues which

promipt many children to conclude that one set now contains a greater
mimhber, Clearly, any numhber of noncritical gtates may int
between an initial, non-critical state and a final, critical state. To
arrive at noncritical intervening states, it is necessary to transform
both sets simultaneously in such a way as to preserve the correspondence
in their arrangements, The first conflict-producing procedure (the St
Effect) will consist of presenting initial nonconservers with an extended
ceries of noncritical states, After each transformation, they will be
called upon to compare the number >f objects contained in the two sets,
The purpose of this prééedure is to establish a set, or tendency, to
give "same" conclusions following transformations., Then a transfor-
mation 1..ding to a critical state will be made. It is intended that
jointly these procedures will give rise to competing conclusions, thereby
producing a siate of cognitive conflict, The resalt may be to reduce the
masking effect associated with the figurally-bzsed conclusion, and
thereby to prompt the attainment of conservation. ‘The emphasie on
oncritical transformations may in itself contribute to the attaini..ent of
conservation, In‘noncritical transformations, both sets of objects are
rearranged, and it i3 comparatively obvious that the rearrangement
results in no change in the number of objects. This coricept of conger-
vation under correapouding transformations of the two sets of objects may

transfer to the situation in which only one of the two sets is transformed.
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The second experimental procedure (tize Surprise Effect) is an
attempt {0 produce cognitive conflicts by giving a verbal expreasion of
surprise when the nonconserver of number conclndes that the deformed
set contains a greater or a smaller number of objects. The corrective
influence of others may affect the individual'as simple categorizaticns
and his more complex conceptions in a similar manner, With regard
to simple categorizations, a child may observe a squirrel and label it
"kitty, ! due to the high availability of that particular category. If
an ther individual were to express surprise, or otherwise indicate to
the child that this is not an appropriate categorization, he might select
an alternative categ;:ry not initially so high in availability, Similarly,
another individual may express surprise when the nonconserver of
number concludee that the deformed set contains a greater or a smaller
number of objects, If the child interprets this as a contradiction of his
conclusion, ke may bring to bear awn iaitially less available basis for
conclusion, such as the addition/subtraction schema, and consequently
attain conservation,

The third experiment:al procedure (the Peer Effect) is an
attempt to produce conflicts by exposing nonconservers of number to
the contradictory conclusions of their Peers who are conservers. This
procedure is held to operate in the same way as an expression of
surprise. However, where surprise is a more indirect expression of

contradiction, exposure to the contrary conclusions of one's peers
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constitutes a more direct contradiction. One may inquire whether euch
2 situation will create conflicts not only fcr the nonconservers, but
also for the conservers, resulting in change among both, Piaget holds
that, in general, higher levels of equilihrium are more stable,
implying that they are nicrs resistant to change, than lower levels.
Following this position, nonconserve-s are expected te change more

readily than conservers.

Methods

Sample.~The Ss were two hundred first-grade children with a
mean age of 6-7, 'm,ey were drawn from two uzrban schools, serving
predominantly families of the middie and (to a lesser extent) lower
socioeconomic leveis.,

Experimental Design.-The Ss were randomly assigned to four
groups, following a table of random numbers, with the restriction that
each grou, contain equal numbers of boys and girls. Three of these
groups received experimental treatments, and the fourth served as s
conirol, Table 1 shows the four groups, as well as the time sequence
of pretests, treatments, and posttests administered to each, The
parpose of the delayad posttests was to make it possible to evaluate ..
the stability of any changes due to the treatments, This procedure.also
made it possible to evaluate the extent to which any change following

the tveatments represented merely psendo-conservation, For instance,
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Table 1
Design of the Experiment
Immediately Two Weeks Two Months
Following Foliowing Foilowing
Treatments Treatments Treaments
Pretest Treatment 1 Posttest Posttest Posttest
(Set Eifect)
Pretest Treatment I Posttest Posttest Posttest
(Surpzise Effect)
Pretest Treatment III Posttest Y osttest - Posttest
{Peer Effect)
Pretest Control Posttest Posttest Posttest
(Interpolated
Activity)

under the Set Effect, it was considered possible for some Ss to come

to say "'same" in comparing the two sets of objects, but due only to the

set to say "same, "' and not due to the resolution of cognitive conflict,

However, it was considered very unlikely that this set would last for

two weeks or for two months, especially in light of the fact that on

these delayed posttests the figural cues which prompt nonconservation

would be present, and would tend to work in opposition to any residual

set effect, Similarly, the delayed posttests make it possible to evaluate

any pseudo-conservatior following the Surprise and Peer Effects, where

changes could reflect only conformity to the conclusions implied or
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expressed by others, and not the attainment of a iogically certain and
lasting conc2pt of conservation, |

Four Es weze involved in the administration of the pretesis,
experimental treatments, and posttests. All tested approximately the
same total number of S, individuaily, Mozxeover, each tested and
administered treatments to exactly the same number of Ss in each of
the four éroupe (with the exception of the Peer Effect group, -in which

the treatment was administsred to the Ss by groups).

Testing.-The Sg of ecach group received the same two-item test
of conservation of mumber immediately preceding the experimental
treatments and on each of the thres posttests, These items were

administered as follows:

The E laid out a row of black chips spaced about
one chip-width apart, The Ss were given eight red
chips, and instructed as follows: "This is a row of
bisck chips. Can you make a row of red chips right
beside it so that you have one red chip for each
black chip? ©' The Ss werc assisied as necessary,
The two extra red chips were removed with the
explanation that they would not be needed, and so

would be put away, Then E asked, "Now, do we

have just the 2ame mumber of red chips and black
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chips?" Upon obtaining agreement, the E said,
"Now watch whkat I do te the black chips." The
black chips were btunched into a ama.ll; circular
group, The E then asked, '"Now, are there more
black chipe, the same nurzﬁer of klack and red
chips, or more red chips?' The Ss received a
score of one if they said "same, ' indicating
congervation, and a score of zero otherwise,

At this poins, the set of black chips was arranged
into a row alongside the red row, but about fifty
per cent longer, The E then said, "Now, let's
pretend. Let's pretend that these (poianting to the
black row) are piecer of chocolate candy wrapped
in black paper, and that these (pointing to the red
row) are pieces of chocolate candy wrapped in
red paper. If you took all the red ones and 1
took all the black ones, would you have waore
pieces of candy than me, the same number of
pieces as me, or less pieces of candy than me?"
Again, the Ss received a score of one if they said

"same, !' and a ocore of zero otherwise.
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Procedures--The first experimental group (Group 1: Set

Effect) received a treatment designed to produce a set to say t'same"
following each of a series of 'moncritical" transformations (i.e.,
transformations leading to no deformation of cither row relative to
the other). The series of noncritical transformations was followed by
a single "critical” transformation, leading tc the deformation of one
row relative to the other, Figure 1 shows the total series of trans-

formations in the order of actual presentation, The procedure was

1. XXXXXX 2, XXXXZXX
000000
000000
3. X X X X X X 4, X X X X X X
(O I ) O

© ¢ 0O 0O 0O

x ¥ £ x
x X X 5
X X

X X
5«00 6. .Qo

°© o o ooo

o 0

7. ¥ X X X X X 8. X X X X X X

O 00 OO0 O o6

o0

o

Figure 1, =-The Transformations Performed urdexr the Set
Effect,
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such that "'same'' responses were elicited with progressively increasing f
rapldity over the series of noncritical transformations, This was
accomplished by progressively decreasing both the period between :T;
transformations and the length of the questions asked, as follows:
24

With the checkers arranged in the first position ;

shown in Figure 1, the Ss were asked, "Are there m

more red chips; the same number of red and ?"

black chips, or more black chips? For position :«

number 2, they were asked the very same ;;

question. For position 3, they were asked, "Are i:

there more red, the same, or more black?'" For g:

positions 4 through 8, the question was simply, “'

"more red, the same, or more black?" A i;

record was kept of Ss who failed to say "'saine" g

consistently over the series of moncritical
transformations., Also, responses following r

the final, critical transformation wcae rezennded.

]

The second experimental treatment (Group Il: Surzrise Effect) %
consisted of expressing surprise at the responses of * -onservers of E
number. The procedure for this group was &s follrwu: %
If the S had been scored as nonconserver on the ’:‘

first item of the pretest, the E said, ""Now, ‘ ‘

remember that when we first started we hrd1a ;
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row of black chips like this {iaying out a row of
bisck chips) and 2 row of red chips like this
{laying out a row of red chips). You told me

there was the same pumber of red and black chips,

P T N

didn't you? Then when we &id this to the black
chips {bunching up the blazk chips), you said there
were more (red,black) ones. I was very surprised
when you said there were more (red, black) ones. "
If the S had been a nonconsezver on item two of the
pretest, the E said, "When we were pretending
that the chips were candy, we had one row made of
black pieces of candy, like this (laying out a zow of
black chips) and another row made of red pieces of
candy right beside it, like this (laying out a shorter
row of red chips). You told me there were more
{red, black) ones, didn't you? I was very
gurprised when you said there were more (red,

black) ones. "

9

The St received ocne, the other. or both of thece aurprise
Koty ’ - &

treatments, depending on whether they were initially norconservers on
ome, the cther, or both items of the pretest., Immediately following

the Surprise Treatment, all Ss were posttested with the same two-item

test used for pretesting.
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The third experimental ireatment {(Group Ili: Peer Effect) was
administered separately ¢o ¢two subgroups, =ach drawn from one of the
two schools involved, and ccataining nearly equal aumbers of
conservere and nonconservers, Immediately following individual
pretesting, the Ss were agsembied in & semi-circular arrangement, 80
that each S could clearly obsaxrve the experimental procedure. Each £
was provided with a pencil and with a three- by five-inch card containing
two small circles, ome red and one blue, The Peer-Effect treatment
was as follows:

The S8 weze told, "We are going to play a game
with these chips. The game is sometllaing like the
one you played earlier today, except that we must
follow some new rules. Here are the rules, When
I ask a quection and tell you to answer out loud, 1
want all of you tc say your answer out loud. When
I agk a question and tell you to write your answers,
I want you to write your answers on the little cards
we have given you. You must be caref;ﬂ not to say
your answers cut loud when I have told you tc write
them., That is part of the game. Okay? I will show
you how to write your answers when the time comes.

Firei, I'll make a row of black chips, like this,

(Construct a row of six black chips). ''Now, I'il put
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ona rad chip right beside each black chip, so there
will o the sanse aumnbes of zod chips and black chips."
(Consgrusi = row of red ching). "Now, I'm going to
ask a question, and I want you to say your answer

out loud, Are there more red chi;;a. the same number
of red and black chips, or more black chips? What is
your answer?'' The next step in the procedure wae t2
make a nopcritical transformation, leaving neither row
deformed, as in the procedure for the Set Effect. The
Ss were then ssked, "Now, out loud again, are there
more red chips, the same number of red and black
chips, or more black chips?" A critical transforma-
tion, which consisted of bunching up the black ¢hips,
followed, after which the E said, "This time, I want
you to answer by writing your answer. Be sure that
you do not answer out loud. There are two circles on
the cards you are holding. Everyone find the red
circle and the blue circle, Noew, if you think there
are moze red chips, mark an 'x' like this {demonsirating
on the chalk board) inside the red circle, If you think
there are the same number of red and black chips.
mark and 'x' in the blue circle. Be sure to make your

marks without iooking tu #2s wwhat anyone else is doing.
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Make just one 'x', Put it in the red circle if you think
there are more xed chips, or put it in the blue circle if
you think there are the same number of black and zed
chips. ' After the Ss had marked the circle of their
choice, they were instructed to hold up their cards and
compare marks, It wae pointed out to them that some
chose "more, "' and others "same." However, no adult
present either affirmed or disaffirmed any S's choice.
The Ss were allowed to interact freely for about two
minutes after they had revealed their choices, but xone
of the adulis present observed any discussicn on their
part of the bases for their choices. Immediately
followizg the treatment session, the children were
returned to their usual classes, then conservers and
nonconservers alike were drawn individu=ally, at random,

from their classrooms for posttesting.
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Results

The first results to Le presented will be an analysis of variance
of gain scores between pretest and first posttest, For the present
analysis, the Ss were scored ''zero" if they pyssed neither item on
the test of conservation of number, “one' if they passed one or the
other item, and "two'" if they passed both. Gain scores were derived
by subtracting each S's pretest score from his score on the firot post-
test., The analysis of variance, even tliough the assumption of interval-
level measurement could not be met, was used for the present analysis,
and for this analysis only, This analysis made possible a comparison
of the mean gains due tv the three experimental treatments, of the
relative gaia between boys and girls, and of interaction, which if
significant, would indicate & differential degree of gain between boys
and giris across the three treatments,

Table 2 presents the mean gains by sex and treatment groups. !
The means for the control group are shown in this table, but do not
enter in the analysis of variance to f~llow. Table 3 presentc the

results of the analysis of variance, We may conclude that there is no

significant difference iz mean gain between the three treatments.

!'Initially, twenty-five Ss were assigrzd to each of the cight (four
groups by two sexes) cells. Attrition due to absences or moving left
only twenty-two subjects in two of these cells. For convenience, Ss
were randomly discarded from the remaining cells, in order to obtain
equal cell frequencies,




8
Table 2

Mean Gains by Sex and Treatinent Groupsa

i

: Group 1 Group II Group 1II Group IV

’ Set Effect Surprise Effest - Peer Effect Control

. Boys 0.50 0.55 0.45 0.18
Girls -0, 09 0.09 0.27 0. 00

%N = 22 in each cell.

4
E

Table 3

Analysis of Variance: Treatments by Sex

Source DF Mean Square E
) Treatments 2 0. 296 NS
ok
Sex 1 5. 538 12, 6
Interaction 2 0. 531 NS
, Within 126 0. 44

*¥gignificant at p ¢ .01,

Neither is there a significant interaction. Howewar, the mean gain
for boys is significantly greater than for girls,

The preceding analysis dces not indicate whether treatinent
gaivs are significantly greater than those for the comtrol group. To
compare the relative gains between each troatment group and the
control group, a series of Mann-Whitney U tests were run. A

correction for ties was applied to all these tests, It should be noted




29

that since not all these comparisons are independent, the over-all level
of significance, taking 2ll comparisons jointly, must be considered to be
somewunat 1ower than the . 05 critical region seiected for individuai
comparisons. Scores for these tests were derived in the same manuer
as for the analysis of variance above.

For the comparison of Group I (Set Effect) with controls, where
the results for boys and girle are combined, the Mann-Whitney U test
yields Z = 1,13, which is not significant at the , 05 level, However,
since the previous analysis of variance indicated a significantly greater
gain for boys than girls, and since in the immediately preceding
anzlysis girls contributed negatively under the Set Effect (i. e., their
posttest mean was lower than their pretest mean), it seems reasonable
to compare Group I boys with boys in the control group separately. For
tais comparison, & Mann-Whitney U test yields Z = 1,79; p <.05.

Boys unlar the Set Effect thus showed significantly greater gain than

those in tae control group. Due to the a posteriori nature of this com-

parisom, it should be cross-validated by further rescarch.
A Mann-Whitney U test comparing the Surprise Effect with con-
trols, ior boya and girls combined, yields Z= 1.94; p ¢ .05 The

group receiving the Surprise Effoct made significantly greater gain

than controls.

Again using the Mann-Whitney U test, comparing the Peer Effect

with coutrols, and combining boys and girls, Z is equal t0 2.24; p .02,

.
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The gain due to the Peer Effect is significantly greater than that for
controls,

All three experimental treatments were designed as atizmpts to
produce cogritive conflicts which, if constructively resolved, would

give rise to the concept of conservation of number, The experimental

N i i s —=T

1ade possible s guite direct

evaluation of the effectiveness with which the set, and hence the cogai-
give conflict, was produced, During the attempts to produce the set, a
record was kept indicating which Ss consistently responded "same"

when noncriticzl transformations were made, and which alternated betweer
"same' and either “more' or "less' on such transformations. It was
beld that if a child did not undexrstand that the numbe~ of checkers
remsined constant in the two rows when their relative arrangement
remained the same, he would almost certainly fail to show conservation
on critical trials, where their relative arrangement was changed, It.
was predicted that those who failed to demonstrate an understanding of -
the terme “"more," "same, " and "less, " in that they failed to develop

a get to say "samé, " would experience no cognitive conflict, and so
would remain nonconservers of number, ".t"able 4 shows ihe relstive
extent to wkich gain from the pretest to thé -first posttest occurred
between Ss in whom the set presumably was produced and those in whom
it clearly was not, Only one S among the eleven in whom the get was not

produced showed a gain, The exact one-tailed probability of this
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Table 4

Effect on Gain of Inducement
and Non-inducement of the Set Effect

Did Not Gain Ciained
Set Induced 5 : 17
Set Net Induced 10 i

L4

‘- 1
ten~-to-cne split under the binomial expansion {P = ,50) is , 006, On the
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other hand, eleven of the sixteen in whom the set presumably was produced
showed a gain, Clearly, where the set was not produzed, there was a

rmarked failure to gain,

It was predicted that the ability ¢o detect the contradiction involved

in jointly asserting "more" and "same" is prerequisite to the attainment

of any of the conservation concepts. To test this prediction, a separate
test of the ability to detect this coniradiction was given to all the children
in the present experiment, This test was given following the third posttest.
The results of this test were used in an attempt to “aredict" whether the
child gained or failed to gain due to the experimental treatment to which
ke had been exposed two months previously. Following is the test proce-
dure. Each S was presented two equivaient rows of six black and six red

chipg, in corresponding positions, After the Ss had agreed that there were

the same number of red and black chips, and without any deformation of

either row, they were asked, "If two rows have just the same number
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of chips, does that mean that maybe one row has more chips than the

other one? Yes, or no?" Those who responded aifirmatively were

interpreted ae having failed to integrate the conceptes ‘more! and
'same,! They apparently failzd to understand, in their own te~ms,
that the azsertion of "more" strictly img;lies the negation of "same, "
Subjects who were conservers on both items of the first pretest were
excluded from the present analysis, leaving only those ;vhb were
"'free to gain" due to the experimental treatments, For all three
treatment groups combined, seventy Ss were free to gain, Twenty-

two of these failed on the test of 'more’ and 'aame.' Of the tweaty-two,

sixteen failed to gain, and only six gained. The exact one-tailed
probability of this sixteen-to-six split is . 026. Of the fifty-eight

who passed the 'same'-'more’ test, twenty-five, failed to gain, and
thirty-three gained, Clearly, those who failed to integrate the concepts
'same’ and 'more' showed a marked failure to gain due to experimantal
treatments,

Second and third posttests of conservation of number were
administered two weeks and two months, respectively, after the
training sessions. The results whick follow are concerned with the
stability of experimentally produced gtins, as indiczted by performance
on these posttests. As in the previous analyses, the scores involved
kere were derived from the two items of the conservation test aivan

- a" - Al

ai pretest: and again at each posttest, Each S received a combined
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score for the two items of zero, one, or two, The increases and
decreases shown in the tables below represeat the frequencies of
gains and losses {rom pretest tc sach of the posttests, and do not take
into account the magnitude of the gains or locsses. Table 5 shows the

number of increases and the number of décreasea from the pretest to

Table 5

Increases and Decreases in Conservation of Number
between Pretest and First Posttest®

Group 1 Group II Group I Group 1V -
Set Effect Surprise Effect Peer Effect Contzrol
B & 2 & B & B &
Increases 11 2 6 3 8 6 3 1
Decreases 2 3 0 1 0 2 1 1

2Each column shows the relative frecuency of increases and

decreases for twenty-two Ss,

the first ioosttest. immediately following trainiag, These outcomnes

are shown only to indicete the frequencies of gains and losses follewing

treatments. No significance tests wiil be reported on these data, since

Mann-Whitney U tesis, taking into 2ccount not only gaing and losses,

but also the relative magnitudes of each, have been reported above,
Table 6 shov:vs the frequency of increases and decreases from

the first posttest, -irznmediately following treatments, to the second

y
3 7 ! .
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Table 6

Ir_xcreases and Decreases in Conservation of Ngmber
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Group 1 Group I Group 11 Group IV

Set Effect  Surprise Effect . Peer Effect Control

B & B2 & B G B &
Increagses 3 4 0 4 r4 o £ 3
Decreases 3 0 2 0 0 2 0o 2

2Each coiumn shows the relative number of increases and

decreases for twenty-two Ss over a two-week period,
posttest, two weeks later. Some increase and decrease is normally
expeciad due to possible unrcliability, The number of de..reases shown
in this table is of suificiently small magnitude, relative to the number
of increases due tc treatmext as shown in the previous table, to
warrani the conclusion that gains due to treatments are lasting over
2 two-week nericd,

Table 7 similarly shows the increases ani decreases from the
first posttest to the third posttest, two months following threatments,
Again, the number of decreases is too small to suggest any marked
losu of previous gaing due to treatments.

One further resuit, shown in Table 8, is relevant in evaluating
the stability of gains. The "Increase/Decrease' row shows the number

of Ss who showed aa increase from pretest to first posttest and also a
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Table 7

Increzses 2ad Decreases in Consezvation of Number
botwaer Firet and Third Poatteata®

AN DAY P RS & WY

Group I Group U Group I Group IV

Set Effect  Surprise Effect Peer Effect Control
2 & 2 & 2 &G B &
Ineronses 2 3 0 4 2 1 4 4
Decreases 2 ¢ 1 0 1 3‘ | 0 0

8Fach column shows the relative number of increases and
decreases for twenty-two Ss over a two-month period.

Table 8

Decreases From First to Third Posttests for all Subjects, and
for Subjects Who Had Previously Gained Due to
Experimental Treatments

Group 1 Group I Group 1II
Set Effect  Surprise Effect Peex Fifect
2 & B &G 2 &
Incresse/Decrease 2 0 0o O 1 3

Total Decrease 2 0 1 0 1 3
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decrease from first posttest to third posttest, The "Total Decrease"
row shows the total number of S8 who showed a loss from the first to
the third posttests. Of the total of seven Ss who showed a decrease
from the first to the third posttest, it may be seen that six of these
were S8 who had previously shown 2 gain foliowing treatments. The
exact one-tailed probability of this six-to-ome split under the binomial
expansion (P =, 50) is .062. Thus there is not significantly more loss
among thos; who had previously gained due to treatment than among

other Ss. However, due to the small number of Ss involved in the

test, this must be considered 2 tentative conclusion.




PHASE II: THE RESOLUTION OF CCGNITIVE

FEAAATIES T T
CONFLICTS AMCNC SELECTED URBAN

AND RURAL CHILDREN
Problem

The second phase of the present study is largely expleratory.
It is principally concerned with the identification of various non-
constructive forms of conflict resolution among children, and with a
comparison of such forms among two groups of children that differ in
certain social and intellectual background characteristics.

A state of uncertainty, or conflict, is held to be an aversive
state capable of piompting inquiry and cognitive reorganization.
Moreover, it is held that inquiry and cognitive reorgenization will
terminate either when the individual evaluates his efforts as édequate.
or when he feels he has exhausted his intellectual resources. Pre-
sumably; the individual's criteria for evaluating the adequacy of his
explanations are acquired largely through a process of social
transmission, although other factors, intellectual, developmental,
and the like, are no doubt involved also. If the child's parents, peers,
or even his teachers accept or typically offer inadequate explanations,
then it seems likely that he will adopt corresponding standards of

adequacy. On the other hand, if he is more characteristically

conironted with higher standards of adequacy, through the corrective
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influence of others, then presumnably he will interiorize these higher

standarda. The criteria. or g of adeauacy held by an

in&ividua.l are taken here to be determinants of the extent tc which he
will carry inquiry and cognitive reorganization. Hence, they are held
to bear on the cognitive progress which will result from the individual's
day-to-day encounters with events which give rise to perplexities,
conflicts, confusions, and doubts.

Each of two groups of fifst-grade children, one a selected
urban and the other a rural group, will be presented with two events
designed to produce cognitive conflicts. These two events differ
considerably in difficulty, so that one is much more likely than the
other to be resolved constructively. The leas difficult task,

accordingly, will make possible a comparison of the moxe construc-

tive forms of conflict resolution between the two groups, while the

more difficult task will provide more information concerning noncon-

structive forms of resolution. The general hypothesis to be tested is

that the forms of conflict resolution in the selected urban group will

be more constructive than those in the rural gzoup.

Methods

Sample--The selecied urban group consisted of the total first-

grade enrollment of a demonstration school located in an urban

community, There were forty-seven Ss in this group, @1l of whom
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had attended kindergarter previously, Eighty-two percent of the fathers
of these children had completed some schooling beyond high school.
Forty-seven percert held Doctorates. Average age of the Ss was 6-6.
it must be emphasized that this is a selected, and by no means a
typical, group of urban children, The purpose of the selection was

to provide for the clear identification of differences in the forms of
conflict resoluticn occurring among chilren. The rural group
consisted of the ccmbined first-grade enrollments of tw . rural schools,
serving predominantly lower-class families, There were forty-four
Se in this group., Only eight of the fathers of these Ss had completed
high school, and only four had any college training. The average age

wasg 65,

Procedures--The following procedures were followed with each

S individually:
Two identical bowls were presented, one cont2ining
salt water, and the other an equal amount of plain
water. The Ss were not informed of any differences
between the media, and none was apparent. Two egg-
shaped objects made of a silicone substance which
floats in salt water but sinks in plain ware used, One

contained about twice as much substance " s the other,

The Ss were asked to pretend that these cbjxcts were
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eggs. Tl > large object was dropped into the plain IL

water, and the small one into the salt water. It was
pointed out that one object sank, or went down, while
the other one floated, or stayed up. The Ss were asked,
"Why éic‘. this egg (pointing to larger object) go down and
that one (pointing tc smaller object) stay up?' The
explanations were recorded verbatim, At this point,

the E removed the two objects, held them suspended
over opposite containers, and said, "Now, I'm going

to take this egg and dxop it into that bowl, and I'm

going to take that egg and drop it into this bowl., Point
to the egg that you tk*uk will sink, or go down. Point

to the egg that you think will float, or stay up. ' The
objects were dropped as 'indicated. The Ss were asked,

"What happered? The first time, this egg (pointing %o

the larger object) went down, but this time it stayed up.
Why did that happen?*' Again the explanatiéns were
recorded verbatim, The eggs were temporarily set ' E
aside, while the contents of the two comtainers were
poured into a larger container and stirred. The Ss
were- told, "I'mpouring all of thie (pointing to one bowl)

and all of this (pointing to the other) into ‘ore big howl.

-
. [kt
“ .
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What dc you think the eggs will do if I drop them into
this one big bowl? " The predictions were recorded.
The second conflict-arousing event entziled the use of
an ordinary, partiaily filled water tumbler and a plastic
disc somewhat greater in diameter than the mouth of the
tumbler. The disc was placed over the mouth of the
tumbler, which was then inverted, The Ss were asked,
"What will happen if I hold the glass just this high, and
take my bottom hand away? What will the water do?"
The hand holding the disc was removed, and the Se
observed that the water remained in tl;e tumbler, Tkey
were asked; "Why did that happen?? Their respcases

were recorded verbatim,
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Results

Immediatecly after the twe "eggs" weze dropped into the bowrle
for the first time, the Ss were agked to explain why one "stayed up"
and the other "went down." Only one S, from the selected urban
group, mentioned any differencce between the media, All the rest
appealed to differences in the sizes, the weights, or (very rarely) the
amonris of air in the two objects. Following the reversal of the objects,
the Ss were again asked ¢to explain why one floated and one sank, Their
responges were acored as follows: Highly Constructive (HC), if they
appealed to any difference in kinds of media; Comtmcﬁve (C), if
tllley appealed tc any difference ir the amounts of water;z and non-
constructive (NC), if they completely failed to recognize that some
difference between the media was necessary to account for the
obgerved effects. Table 9 shows the relative frequency of these
responszs for the twe groups. A test of significance yields Chi-Square
equg.l tc 13.9; p ¢.001, The responses of the two groups differ signi-
ficantly, with the selected urban group temnding to regolve the conflict

more constructively,

2Obviouely, the notion that differences in the amounts of water bear
on floating and sirking is not accurate. Nevertheless, this iz more
constructive than an explanation which persistently centers on object
differences and ignores other possible variables, This position is
consistent with the view that complex concepts are often attained

gradually, by successive equilibratiouns,
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Table 9

Constructivencss of Response for Seiected Urban and
Ruept]l Children

Highly Non-
Constructive Constructive Constructive
Selected Urtan 10 30 7
Rural 3 19 22

As 2 routine procedure, witk no clear theoretical basis, the
performances of boys and girls on this task were compared. The NC, C,
and HC responses were treated as ordinal data, and a Mann-Whitaey U
test, corrected for ties, was run. The initial groups were combined, 3o
that the comparison involves a total of ninety-one Ss, thirty-three of them
girls, and fifty-eight of them boys. The Mazan-Whitney U test yieided a
value of Z equal to 2.64; p ¢ .005, The boys resolved the conflict
significantly more constractively than the girls, Table 10 shows a
classification of the types of nonconstructive responses. Most frequent
among these was noncongervation, thch is claseified here as a fabzicated
effect. Eleven Ss in all, three from the selected urban group and eight
frormn the rural grouyp, said the amounts, sizes, or weights of the objects
had changed after they reverscd (e. g., "Mow the other egg is heavier').

Thig ie counted as a fabricsted effect, in that even casual obsezvation

reveals it to have been nonpresens, (Recaii ihat one ouvjsct obviously

S are
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Table 10

Categories of Nonconstructive Responses to the
Flouting-Sinking Task

Selected Urban Rural

Pseudo-expianation 1
Fabricated 2ffects 3 - 8
Pleas of Ignorance 1 : 5

Other 2 -3

contained about twice as much substance as the othez, and that on the
first occasion this cbject sank, while on the rext it fleated. ) Mext most
frequent were pseudo-explanations {e. g., "'You switched them avound').
Pgeudo-explanations are appeals to necessary, but insufficient, and only
trivially relevant, conditions., This catzgory was foilowed in frequency
by pleas of ignorance, or simply "I don't know'" respouses. Only two

Ss gave accounts which were outxight inconsistent with the effects

observed, both holding that something was inside the same one of the

two objects before as well as after the revorsal., Also, only two gave
what appear to be animistic eppeals. One szid, “The water brought g
one piece back u,"; the other, "The weter makes one piece stay up. "
After the Ss bad given their firat explanations, they were asked
to chserve while the objects were removed, reversed, and held suspended ' B

above opposite containers. Thanthey were asked to prazdict what would . B
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happen if the objects were placed into the containers, Their predictions
were scored as either coz;sistent or not comsistent with their previous
explanations, E,g., if the S had previonsly suid one piece sank because
it wae heavier, he was scored "consistent" if he now held that the same
piece would sink, and "incomsisient" otherwige, It was predicted that the
Ss of the sclected urbar group would give a significantly greater propor-
tion of consistent predictions, Table 11 shows the resulis of this com-
parison, Contrary to the predicted outcome, a greater proportion of

consistent predictions was cbtained in the rural group.

Tabile 11

The Consistency of Children's Predictions on the
Floating-Sinking Task

Selected Urban Rural
Consistent 27 1.3
Inconsistent 20 9

After the Ss had given their explanations of the reversal effect,
the contents of both bowls were poured into a large container, and
stirred. The Sa were asked to predict what would happen if the objects
were now placed into this conteiner, This procedure was such that it
would be impossible for the Ss to know definitely what the outcome would
be. Consequently, disjunctive predictions, indicating, for exampie,

that either the objects would sink or they would float, were considered
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to be more constructive than definite predictione. It was predicted that
the selected urban group would give a relatively greater frequency of
disjunctive predictions than the rural group, Table 12 shows the results
relevant to this prediction, A test of significance yiclds Chi-square
equal to 3,01, which is not significant at the , 05 level. The hypothesis
thet the selected urban group will show & greuter frequency of disjunctive

predictions is not confirmed.

Table 12

Frequency of Disjunctive and Definite Predictions
on the Floating-Sinking Task

]

Selected Urban Rural

Disjunctive Predictions 9 3

Definite Predictions 38 41

A second conflict event, considered too difficult foxr any of the
Ss to explain constructively, was sresented, The purpose was to elicit
a great number of nonconstructive responses, 80 that categories of such
responses could be more clearly established, and any differences
between the two groups observed, This conflict event cousisted of invertin,
a partially-filled tumbler of water which had a thin plastic disc placed
over the opening. The children were asked first to predict what would

hapgpen when the E's hand, which wae holding the disc firmly over the
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opening, was - mowid. Ouly one § from the telected urban group and

three from the ruval group predicieqd that the wa.er would remain in ti »

tumbler, After the hand which was ?mlding' the disc w»g removed, the
Ss ware asked to explain why the water id not apill out, Table 13
presents the categories into which the x jponses were plac<?. along

with the relative frequency of their occurrence for the two groups.

Table 13

Categories of Constructive and Nonconstructive Responses
en the Inverted- Tumbler Task

Selecied Urban Rural
Constructive explanation 2 G
Pseudo-explanation 14 - 2%
Quasi-scientific ac;count 17 | 12
Fabricated effects 5 4
Pleas of Ignorance 5 3

Unclassified 4 4

Pseudo-~-explanations and quasi-scientific accounte were the two
most frequently occurring categories of response, with the selected
urban group giving somewhat more of the latter, and the rural group
giving somewhat more of the fcmﬁer. Again, pseudo-explanations state

conditions which are necessary, but not sufficient, and which are only

trivially relevant in accounting for the observed effects (e. g., "Because
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the 1id is there, " or '"because the lid stayed on'). Quasi-scientific
accounts corsist of appeals to scientific or to "scientific sounding"
principles which either are irrelevant or have a remotz relevance which
is clearly not undersftood by the subjects (e.g., water suction, gr“avity,
wet things stick), Fabricated effects consist of responses which propose
devices that are not present, and that even casual obser‘vati'on clearly
reveals to be nonpresent (e, g., glue, tape, a little magnet, or a
mechanical attachment between the plastic disc and the tumbler)., Pleas
of ignorance are simply "I don't krow' responses. Two Ss from the
selected urban group gave responses which were categosized as con-
structive, Both said that becat;se no air coul” get into the glass, the
lid couid not conie cofi, This response cieariy reveals the concept of
conservation of the total, or joint, quantities contained in an enclosed
space: that for a quantity of water to be removed, a quantity of air
would have {o take its place. It also reveals the ability to deal in

proportions,

Additional Findings--As a part of a separate exploratory study,
ran concurrently with the present one, each preéiction and each explina-
tion the Ss gave was followed by a2 question designed to measure how
certain they were that their answers were right. For this purpose they
were pretrained to respond both to a set of verbally-presented response

alternatives, and to a corresponding set of graphically-presented
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response alternatives, in the form of simply-drawn faces. The verbal

‘ alternatives and their graphic counterparts, respectively, were: "I
amm very sure my answer is right" (smiling face); "My answer may be
right, but I am not se gure" {slightly smiling face); and '"My answer
is probably wreng" (slightly unhappy face). The purpose of this proce-
dure was primarily to proyide an index of equilibrium- disequilibrium,
A state of cognitive conflict is viewed here as a state of dis equilibrium.
An attempt at conflict resolution, if considered by the individual to be K.
guccessful, results ina new equilibrium. The position is taken that
when the individual feels certain about his explanation, he will be rid
of the aversive effect of the conflict, and the inquiry process will
terminate. If he is less than certain, then the aversive residue either
may prompt further inquiry, or it may be displaced by some noncon-
atructive means.

On the assumption that the 88 of the present experiment possessed

R
>

. some ability to evaluate their explanztions, it was predicted that

RS g Xy S ahyf "
NN

explanations which were more constructive would be held with greater |
certainty than those which were less constructive. An examination of
she data clearly revealed that this prediction did not hold for the task 5

involving floating and sinking. Thus, nonconserving responses,

4.

Ve

indicating that the objects had changed in weight, size, or amount, and

pseudo-explanations, jndicating that the observed events were due to the

s M
N
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reversal of the objecté, were held with no less certainty than construc-
tive resnonsges,

It was also predicted that, since the inverted-tumbler task was
mere difficult to explain than the floating-sinking task, certainty would
be lower for explanations of the former than for those of the latter. To
test this prediction, the number of Ss who showed increases in certainty
from the former to the latter task was compared with the number who
showed decrcases., Decreases in certainty were expected to exceed
increases. An examination of the data revealed the outcome to be just
the contrary, Only fifteen decreases in certainty were obtained, while
twenty-five So showed increases. A more detailed examination of the
data shows that this outcome is largely due to the high degree of
certainty associated with pseudo-explanations, the most frequent
category of explanation on the inverted-tumbier task,

It is possible, of course, that the Ss were unable to evaluate
their subjective certainties, and that consequently no confidence can
be placed in the certainty measure., To evaluate the construct validity
of the measure of certainty, it was applied in additional situations,
where clear directional predictions of certainty could be made. For |
instance, one hundred and eleven first-grade children were given a two-
item teat of conservation of number, It wae predicted t‘ha.i‘: consistent

consexrvers would be more certain of their conclusions than either

consistent nonconservera or transitionals (those who alternated between
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conservation and noncongervation over the two itemns of the test), It was
also predisted that nonconservers would be more certain of their conclu-
sions than transitionsls, The certainty scores associated with the two

items of the consepvation test were added together, and the results for

the twenty=-eight nonconservers, iweaty-four irangitionals, and thirty-

nine conservers were compared. A Kruskal-Wallis one-way analysis

of variance yielded H equal to 128; p £ .00%, Individual comparisons

between groups were made with Mznn.-Whitney ¥ tests, corrected for
iT[ ties, Comparing congervers and nonconservers, this yieided Z equal to
ot 3.112; p& . 001, Comsezvers expressed significantly greater certainty

than noncomsarvess, For the comparison of transitionals with consexvexrs,

"” Z was equal to 3.32; p & 001, Cormservers expressed siynificantly
5 greater certainty than transitionals, However, noncongervers di” not
express significantly greater certainty tﬁan tzfansitionala.

Two further comparisons were made for the purpose of evaluating

the construct validity of the certainty measure. On the task which

! involved fioating znd sinking objects, the Ss were asked to explain why

1 one object floated and the other sank upon first being placed in the two

~ { containers. Then they were asked to predict whick would sink and which
would float after the objects had been removed, reversed, and held

e suspended over opposite containers., These predictions were scored,

3 a8 discussed earilier, as either conmsistent or noi comsistent with the

preceding explanations, The explanations and the predictions were both
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fc.lowed by tests of certainty., It was predicted that lower certainty
Beores on the expiarationy would be associaied with less consistent
predictions, and higher certainty with more consistent predictions, A
Chi-Sguare tes?, crossging the two levels of consistency with the three
levels of czrtainty, yvielded Chi~Square equal to 7.7: p € .05. There

was & significant .endency for less certain explanations to be associated

with leas consistent pzedictions,

R

Finally, it waz held that on the inverted-tumbler task, the
meinbers of the selected urban group would be better capable of

evaluating the corvectness or incorrectnees of their explanations than

those of the rural group. And since practically none of the children of
either group were able to resolve the conflict associated with this task

constructively, it was predicted that subjective evaluations of certainty

TEFRINTANL S TIATI AN SR e

would be lower for the selected nrban than for the rural group. Tabie

FTBRPPIIPN

14 shows the frequency with which each level of certainty was expressed

R

in the two groups. An analysis of these resulis yields Chi-Square equal ,

o sty

to 8.22; p ¢ .025. Subjective certainty was significantly loweér for the

hedi

selected urban than for the zural group, as predicted.
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GENERAL SUMMARY AND CONCLUSIONS

A major finding of this study is that various means may be

employed for producing cognitive conflicts among children in order to

acseleraze their cognitive progress, In the first phase of the study,

N
X

PRV DN
-

g three conflict-producing procedures were employed, each desigrad to

-

3y prompt first-grade children to attain the concept of conservation of
Y ‘ number., The first of these was the Set Effect, It consisted of an attempt

to elicit two incompatible conclusions simultaneously, First, an attempt

' was made to establish in the children a2 set to say '"same'’ by repeatedly

AT Y
RO s s

calling for a comparison of the number of cbjects contained in two rows

SRR

as they underwent equivalent transformations, Then the objects in one

$31)

TR

)

row were deformed, prompting nonconsexrvers to conclude that it cone

tained "more' or "less, ' 7This procedurc resulied in significant
improvement for beys: however, the girls actually showed a slight

decrease in conservatior from prefess to yosttest.

o

The two other conflict-producing procedures both consisted of

AN,

exposing nonconzervers of number o the corrective influence of others,

; In one of the trestments the invaesztigator gave & verbal expression of &
N
- surpriss when 2 conclasion indicating nonconsexvation was given by a P
i ;
. chiid, In the other, noncomservers weie exposed to the contradictory E
£
\,\ %l
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conclusions of their peers whe were already conservers. The gains Gue

to each of these ireaiments were significantly greater than those achieved

¢ by the controls, Moreover, positests administered two weeks, and again

; two months after the treatments indicated that the experimentally-

produced gains were lasting,

\

- ' An additional finding was that under the Set Effect many children

i failed to conserve number even when the objects in both rows were trans-
formhed simultaneously, with no deforrnation of either row relative to the

other, These children obviously failed tc develop the set to say "same, "
And since the development of this set was held to be necessary for

s prompting the attainment of conservation, it was predicted that they

v would show significant failure to gain, This prediction was borne out by
» the results. In order to explore this éffect further, a separate test was
‘* ' given to the subjects of a1l three experimental groups. This test was
, desgigned to indicate whether the children understood that "more' and
""same' are mutually exclugive relations--i. e., that the aasertion of

one implies the negation of the other, Failure to integrate *ese concepts

e e N &\ ol e e e e

wyas associated with a significant failure to gain due to the experimental

LI .

g treatments. A rather obvious impiication for instruction is that coniiict-
;fé: ; ) ‘ ‘

X producing events will not be effective unless the subjects possess the

prerequisites for experiencing the intended conflicts,

This investigation was undertaken, not primarily as an attempt

.
to train children in conservation of aumber, but to explore the
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instructional imgplications of P:aget's poution on equilibration, Oue

purpose has been to test &e general hypothesm that the misconceptious

e b e
S S !

of children may be displaced 1 ny ‘providing evxdence whu.n, when coupled i
with these misconceptions, . gives rise to cognitive conflicts. The results,
in general, confirm this hypothesis. A second purpose has been to
expicxe wvarious means by which cognitive conflicts may be produced, In

| this regard, the emphasis has been on the dsvelopment of techniques
readily adapfa.‘bl‘a to the instructional situation, Feigned surprise is one

such technigue, It encourages chilldren to rethink a faulty position taken.

No doubt, it is a technique which already appears inthe repertory of

instzuctional devices employed by many teachers, Its most effective use

: would require considerable knowledge of the misc:oncepﬁons children

-

typically hold, and the careful manipulation of conditions for eliciting
them, In this regard, it is an approach reminiscent of the Socratic

method. Once a mistaken conclusion has beern expressed, it may require

no raore than an expression of surprize to cause the individual to reexamin

Ca e e am

o | his assumptions and discover theizr untenability,
There is also little question that in the normal course of inter-

action in the classroom, the contradictory conclusions of peers often

AN P St 0 £ V) AR Y

ceme inte contact, prompting a reconcillation of views, and cognitive
progress on the part of those whose views were in ervor. This toc is an

\
effect which may be employed most fruitfuliy when the conditions for its *
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oceurrence are carcfully designed and controlled, ¥Further research and

development are needed in order to explore the content aveas and the

conditions under which it may be most effective, -
One of the more striking outcomes of the present study was the

extent to which boy., cutperformed girls in resolving cognitive conflicts

cemgtructively, Over all three treatment groups of the first phase, and
in tae ﬂéatingoainking ta.gk of the second phase, boys perform,ed' signi-
ficantly higher than girle, With respect to the first ‘gah;tse, the

——

possibility that this outcome could Rave been an azrtifact of statistical

regieseion was considered. If, in spite of randomization, girls were
higher and boys lower on conservation of number at the cutset, the girls
corld have regressed negatively toward the mean, and the boys positively,
on posttests, However, ithere was no significant difference between
sexes on the pretest of consexvation of number, even though the sample
size involved in the comparison was large (nearly two hundred), If one
concludes that boys tend to be higher than girls in whatever sbilities
are necessary to attain conservation, and that this accounts for their
superior performance, then another question arises: Why did they not,
then, show significantly higher performance than girls on pretests? One
hypothesis suggested by these outcomes is that the prerequisites involved
- in the '"'normal" acquisition of conservation are not the same as those

. involved in its attainment through the resolution of experimentaily-
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produced cogaitive conflicte. However, it is in no way clear to the
present writer what the nature of any such differeaces could be,

The second phase of the present study wae largely exploratory,

ita focue was on the identification of noncpns’cr&ctive forme of confiict
resolution among children, following i:he position tha;t once these have
been identified, it may be possible to txain,cl;ildren to avoid them, A
second basic objective has been to evaluatelthe relative need for such -
training among chilidren who ﬁﬁer in certain social and intellectual
‘_naskgroumi characteristics., A main limitation of thig phase is that
while the selected urban .;and the rural children differed on numerous
antecedent variables, the design of the study did not make %t possible
either to igolate or to control any of these in ozrder to discover which

were determinants of the obtained differencee. The investigation was

undertaken with full knowledge of this limitation, however, and did

yield infozjmation consgistent with its tﬁree spccific purpeses, The first
of these was to prompt children to &iscard’ a more obvious, but irrelevant
variable in a situation, and to consider other possible variables which
were not £o obvious, In the floating-sinking task, nearly all the subjects
first sugéeeted that object differences, whick were obvicusly present,
accounted for the observed floating and 7inking effects. However, when
contradictory evidence was presented, most of them discarded this
;variable in favor of less obvious variables associated with the media, It

is worth noting that those who failed to do so tended to give explanations
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which, though inaccurate, were nevertheless consistent with the observed

effects, For instance, many held that the amounts, sizes, or weights of

&

the obiects changed when they were raveraed
had operated as the subjects apparently Asuppos‘ed, it would have accounted
for 2]l the effects observed, A limitation of this portion of the invesatiga-
tion is that thexe is no way to know how many of the subjects may have
discovered for the first time that differe_nces between media bear upon
floating and sinking, and How many may have had this concept prior to
their encouﬁter with the floating-~sinking tagk, However, in that the
most frequently mentioned property of the media was the amount of
water, and in that this property is not actually relevant to floating and
sinking, it seems reasonable to rule out specific previous instruction
for most of the sdbjecta involv;d.

The second purpose of this phase of the study was to identify
nonconstructive modes of conflict resolution, It was held that inquiry
and cognitive reorganization would terminate whenever an individuai
evaluated his own efforts at conflict resolution as adequate, or when he
felt he had exhausted his intellertual resources. Notably few among the
children's responses were appesls toc animism and artificialism, This
may have been in part due to the nature of the tasks, and in pairt due to
the nature of the culture, Other taske may have elicited a greater

number of such appeals on the part of the present sample of subjects,

or the same tasks may have clicited a greater numbex in another culture,
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Among the Eubjecte of this study, the most frequent forms of nonconstruc-
tive confli;:t resclution emploved were pseudc-explanations, quasi-
scientific accounts, and fabricated effects, There were also some pleas
of ignorance, indicating that the subjects felt they had exhausted their
intellectual resources,

The third purpose of thie phase of the study was to compare the
forms of conflict resolution employed iay gglected urban and rural
children. The general hiypothesis tested was that selected urban children
will resolve conflicts in thinking more constructively than will ruvsl
children, The results failed to provide unqualified support for this
hypothesis, In resolving the conflict associated with the floating-sinking
task, the members of the selected urban group performed significantly
higher than those of the rural g=.up., This wae shown by their greater
tendency to discard object differences as a relevant variable, and to
propose that some difference between the media was involved. In this
task, the objects were first placed in the media so that the small one
floated and the large one sank, After the subjects had attempted to
explain this event, they were asked to predict which object would float
and which would sink when they were removed, reversed, and placed
into opposite containers. These predictions were scored as either
congistent or not consistent with the immediately preceding explanations.

It was predicted that a greater frequency of consistent predictions would

occur in the selected urban than in the rural group., Contrary to this
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predicted outcome, Consistent predictions were more ﬁ;eqi'xent in the
rural group.

Obviously, the original hypothesis must be revised. One
possible line of revision proceeds from the possibility that the selected
urban children expected a '"trick, ' or at least an outcome associated
with less obvious rather than more obvious variables. If so, this
would be an instance of the well-known phenomenon of "test wiseness. "
It myy still be that the original hypothesis will hold for younger subjects
from similar groups., It may hold, for instance, where younger
selected urban children have attained a greater ability to maintain
consistency, but not yet an expectancy for less obvicus outcomes,

Following the reverual of the iwo objects, the ccatents of both
containers wer= mixed together, The subjecis were asked to prediui
what would happen if the objects were placed in this mixture, Since
they could not have known what would happen, disjunctive predicticng
(e. 2., "Either they wiil float or they will sink'') were scored as more
constructive than definite predictions., The results did not support the
prediction that the selected urban chi? “ren would give a significantly
greater frequency of disjunctive predictions. However, sirce the
obtained regults were in the predicted direction, and since tF~re were
so few disjunctive predictions offered, this hypothesis degserves to be

put to test in a situation which provides more variance,
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As an addition to the second phase of the study, the children
were reguired to éxpress the certainty with which they felt their uzswers
to be right, The construct validity of the measure of certainty was
reazonably well egtabliched by demnonstrating significant differences in

certainty in situations where suci: d:iferences would clearly be expected

K L] [ o

z on theoretical grounds, For instunce, consistent conservers of number

' expressed greater certainty than either traneitionsis {those who
alternated between conservation and nonconservation) or consistent

nonconservers. On the floating-ginking task, nearly all the subjects

4 held that object differences were involved when the objects were first
placed into the media. When asked what would happen when the oujects
wery placed in opposite containers, some gave predictions which were
consistent with their previous explanation, and some did not, Those
who had expresszd less certainty with their previous explanations
showed a greater tendency to give inconsistent predictions. Even

¥ though the certainty measure was thus shown to be reasonably wilid,

there were two comparisons in which significant differences were

.y ety

expected, but failed to occur. On the task which involved floating and‘
sinking, nonconstructive explanations wers held. with no less certainty
than constructive explanations. Also, certainty was no less for the
inverted-tumkbier than for the floating~-sinking task, even though the

= conflict associated with the former was considerably more difficult to

resolve constructively than that associated with the latter., It was
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observed that this outcome was largely due to the high c.rtainty expressed
by those who gave pseudo-explanations. For instance, on the floating-
sinking task, high certainty was expressed by those who held that the
observed effects occurred because the objects were "'switched around';
and, similarly, on the inverted-tumbler task, high certainty was
expressed by those who held that the water stayed in the glass '"Because
the plastic was there." Theoretically, there remains an aversive
residue of uncertainty whenever an indivi ual cannot resolve a couflict
to 2 degree waich he considers adequate, The preceding results
suggest that when left with such a residue of uncertainty, individuzls
may seek out certainty, and attain it by appealing to some trivial but
incontestable fact. Pseudo-explanations are appezls of this nature, In
that they refer to necessary (though trivially relevant) conditicns, they
may be held to be correct with a high degree of cestainty. And so long
as the individual is not concerned with theiz gufficiency, he may comnsider
them adeguate, and thus terminate inguiry anc cognitive reorganization.
This interpretation is consistent with the position of itkeider and Fiaget
(8)’ to the 2ffect that children in the early levels of the concrete opera-
tional stage of thinking may ofien be able to evaluate the necesgity of
certain conditions in explaining a phenomeaon, but are not concerncd
with evaluating their sufficiency.

There was some evidence to incicate that children from thc

selected urban group were more concerncd with evaluating the adequacy
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of their explanations than these from the rural group when asked to say

-how certain they were that their answers were right. On the inverted.

in either group were able to resolve the conflict constructively, since
the concent
the adequacy of the explanations given was controlled over the two groups:
both gave practically all nonconstructive, or inadequate explanations, It
was held that if the members of the selected urban group were more
capable of evaluating the adequacy of their explapations, they would
express less certainty in this situation, The results showed signifi-
cantly less certainty in the selected urban than in the rural group.
Appzrently, when asked how sure they were that their answers were
right, those in the selected urban group tended to interpret the question
in the broader sensge, and those in the rural group in the nasrower sense.

Farther research is needed in order to determinc whether those
who expresse 2 high degree of certainty in such situations tend to termi-
nate ingeiry and coguitive reorganization prematurely, This outcome
would be expectcd if an expression of high certainty indicates that the
individual has evaivated his ezplanation as adequate, Further research
is alzso nesded t» determine whether individuals car be trained in

evaluating the adequacy of their attempted explarations. In the present

study, it was assumed that standards of adeqguacy are socially transmitted,

and that those ir the selected urban group had interiorized generaily
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higher standarde then those in the 'rural group. It may well be possible
to train children to detect various forms of inadeguate explanations, with

the result that they become more persistent in their attempts to resolve
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conflicis through inguiry and cognitive reorganization. The benefits, in

terms of subsequent cognitive progress, would certainly carry beyond

the realrns of the classroom situation.
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