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Plaget's vtheoxr-y of cognitive development has received
renewed interest in recent years. Educators have been concerned
with the hnplications of his theory for classroom situations.
Several attempts at devalopins and mpleaenting materials mlated
| to rmental operations of particular stages have been made. Impli-
cations from Piaget's theory may be concerned with the dimensions
of action and social interaction in cognitive functiming. Upon
 exanining these dmensms and the behaviors defined by ma.set. for
particular stases of development. one might Megin to derim speci-
fic implications for ehildmn's elementarxy school experienees.

"This paper rwesents a description of an investigation
in Piaget's éoncepts of cmseﬁatim. The study was designed to
examine factors relevant to children's acquisition of the conser-
vation concepts. After a brief description of the purpose,
procedures, and results of the investigation, several questions
based on the results will be discussed.

The purpose of presenting this description and posing
questions is to stimulate further questionin~. It is hoped that
the reader will formulate additional questions related to this
research and to possible applications of Plaget's theoretical
system in elementary school curricula.

Research pertaining to elementary children's experiences
with Plaget's conservation concepts has identified several lssues
relevant to the present investigation. Several authors have
reported evidence of the effectiveness of verbtal tralning pro-
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cedures on consérvation and related skills (Sigel, Roeper, and
Hooper, 19663 ﬁouak. 1969). Gruen (1965) and Beilin (1965) also
reported findings indicating the effectiveness of vertal traini.g
methods in pwnducing conservation respOnsen. On the other hand,
Wohlwill and Lowe (1962) and. Smedslund (1961 c,d) fomd inprove-
ment in children‘s conservation responses uith‘non-verbalytxaining
procedures.

- Logical’necessiiy..compensétidh. and revﬁrsibility have
been defined by Plaget (1965) as justificatlon responses given by
children who are conservers. Several 1nvestigators have attempted
to classify ehildxen s resyonsea to conservation tasks’ accoxding to
these categories. Lovell and Ogilvie (1960) and Smedslund (1961 b)
found evidence of the-¢ response types_anong children who conserved.
Wallach, ¥all, and Anderson (1967) found these conservation responses
as a result of conservation training. Sigel (1968) suggested that
scoring children's conservation ability according to their justifi-
catlon responses was a reasonable procedure.

Some investigators have raised the gquestion of whether
the ability to conserve in one situation iransfers to other conser=
vation experiences.  Lovell and Ogilvie (1960) and Uzgiris (1954)
found 1ittle transfer between different tasks measuring the same
conservation concept. Other studies have indicated similar non~
transfer of children's conservation performance from one conserva-
tion concept to another (Wallach, Wall, and Anderson, 19673 Beilin,
19653 Gruen, 1965). Wohlwill (1960) suggested that children's
acquisition of a conservation concept might be attributed to more

cunmulative experiences with the conservation.



PURPOSE

This‘investigatioﬁ was concerned with the cognitive
processes acquired by children in»the»conc:ete Operational stage
- of development. ﬁt this level, children normally acquire the
mental operations necessary to cdnssrve,huibe:g substance. lgngxh,'
area, and weight. The purpose of the siudy vas to determine the
followings | |
o "1, whethexr or not an instructional seq;ﬁence of self=
directed activities oh Piaset’é conservation.eoncepts ﬁould affect -
children's acquisition of the eonservatiqﬁ eoneepta.llt |

2. whether or not sex, agv, race, school achievement,
socio-econﬁmic status, and ihtelliganze scgrés would 1ntera§t with
receiving'an 1nstru§tional_sequence ¢’ self-dirécted conservation
activitles to affect children’s acquisition of conservation

concepts.
METHOD

The general procedure for this 1nvest1gatien included:
the selection of one experimental and two control groups of subjecis;
tne implementation of the experimental materials; and the collection
of data for the statistical analyses.

The Sample
Subjects for the study wére 128 children from foux

elementary classrooms in the suburban area of a large midwestern
city during the 1972-1973 school year. The experimental group
included 37 third-grade children in a team room situation with



two teachers. Control Croup 1 consisted of 44 children in tuo
self-contained th.’md rrade classrooms. Control Group 2 included
47 second~ and third-grade children in a team room with two
teachers. Comparative infcmati,pn about the three groups is
‘presented in Table 1. The three groups were assm& to be ini-~
tially comparable on all factors under consideration except

conservation ability;

Table 1

Comparative Data for the Experimental
and Control Groups of Children

Control 1 Control 2 - Experimental

Group _(Tear) (Self-contained) (Team) "TOTAL _
Number Y & . 37 128
Boys 22 27 19 68
Girls 25 17 18 60
Rlack 0 17 15 ‘ 32
White 47 27 2 - 96
X Age 8~2 8-9 g-7 8~5
X Achievement
Score (T-score) 50.8 42,2 4.9 7.5
X I.8. Score
(T-score) 53.7 48,1 48.9 5044
X Socio-economic
Score 31 39 38 36

Experimental Treatment
The experimental group and the two control groups com-

pleted pre- and pcst-evaluation measures of conservation ability.

The experimental group alsc completed the experimental sequence
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of self-directed conservation activities during the time between

the administrations of the two evaluations.

The pre- and post-e{'almtim measures of conservation
ability were adninistered individually to all children in.the
study. Volunteer mdergraduate teacher—educatmn students from
the University of Missom - St. Lonis were trained to administer
the measures to the ehildzvan Both msures included ten taskss
t#o tasks for each of the ccnaemtion concepts of number, sudbe
' stance. length, ma, and weight. The same tasks were used for
both measures., Descriptioas of several of the tasks are included
in the Appendix. |

The experimental materials included a set of forty~two
self-directed activities. Ten were related to the céoneervation
concept of number, eight to substance, eight to length, eight to
area, and eight to weight. Several exanples of the experimental
activities are described in the Appendix. ‘The activities were
designed to provide children with experiences with concrete
materials related to the conservation concepts. The entire set
of activities was implemented with the experimental group of
children over a five-month period.

The materials were made available to the children throush
the use of an interest-center technique. The conservation activi-
ties were displayed and stored in a small area designated for this
purpose. The directions were transmitted via a cassette tape
recorder with headphones. The materials and tapes were color~
coded for identification by the children.
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In each activity, the child was instructed to manipulate
the materials in such a ua.y that their pmrsical appearance was
altered and. 1n most cases, retnrned to its original state. The
child was free to experiment in any other uay with the materiéls
once he had cmpleted the g&ven instmetions. There was no |
~ evaluation of the child during or after completion of the activi-
ties. ‘rhe questicns mcludad m the direet.ims vere 1ntended to
" be sthm for further mipulation. They we:ve not munded to
elicit mbal z.f: Aticus of consemum. “

Social interaction was encouraged throughout the imple-
mentaticn of the erperimental activities. The children were asked
to discuss the activities with the teachers or with other children.
The timing and completion of the coneemuon sctivities was based
on the child:en s mleetion. It was hoped that this provision for
self-direction, as well as the opportunity to explore the properties
of concrete materials, would allow the children experience in exer-
cising their intermal, logical reasoning.

Data Collected

Data for the statistical analyses included scores on the
pre~ and post-evaluation measures. Scores were obtained by
assigning point values to the children‘'s conservation responses.
Responses were elicited by the evaluators’ questioning procedures
on the conservation tasks. A total of three points was possible
for each tasks one for logical necessity, one for compensation,
and one for reversibility. Thirty points were possible for the
entire set of ten tasks.



~ Data for the other miablés were obtained from the

children's permanent records. Theso rlnclx.sded age, sex, race,
achievement socres, I1.Q. acoi'es, and socio~economic status.
Achlevement scores included ieading scores from the Gates-néuinitie
Reading Test and the Metropolitan Achlevement Test. Ceneral
intelligence ratinss were obtained from the Cognitive Abilitles

Test, :.ogge.we Intelligence Test, Slosson Intemgenée Test,
' and Veschler Intelligence Scale for Children. Achievement and I.Q.
scores were ‘clonverted to T~scores for purposes of comparison.
Socic-economic status was determined by using the Occupational
Scale of Hollingshead's (1957) Tue Factor Index of Social Position.

RESULTS

As previously stated, this investigation was implemented
to determines

1. the effects of an instructional sequence of self-
directed activities related to Piaget's conservatlon concepts on
children’s ability to conserve.

2. the interaction effects of sex, age, race, school
achievement, socio-economic status, and intelligence scores with
the instructional sequence of self-directed activities on child-

ren’s abllity to conserve.

¥ain Effect

A one-way analysis of variance desirm on the scores from
the pre~evaluation measure of conservation abllity ylelded signifi-
cant results (F = 7.02, with 2 and 125 deprees of freedoms p<.0l).

Since the instisl differences amony ihe mean conservation scores of
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the three groups were sizniffcan t, 3 one-way analysis of covariance
design was used to test for differences in mean achievement between
the experimental and control gioupa on the poat-evaluatlm measure.
The post-test mean scores of the three grcﬂpss at‘ter adjusting for
1n1tial differences in m-test scores, a.re presented in Table 2.

The summaxy statistics for the anaysis of covariance are presented
| in Table 3.
| B The cbtained value of F. 2. 3911, uith 2 and 113 degrees :
of freedom was not stat.istically signifieant. There were no
significant dit‘fenences among the mean scores obtained by the |
three groups on the post-evalua.tion measm of” consemtion ability
after adjusting for pre-test differences.

Interaction Effects

A two-way factorial mixed model covariance design with
average n ad justments fqr unequal cell siges was used to test the
interaction effects of the other variables identified in the
investication. These variables were:

Sex - Male, Female

Age ~ eight years, nine years

Race ~ Negro, Caucasian

Achlievement ~ high, airerage. low

Soclo-economic Status - average, low

I.Q. Score = hich, low.

The adJjusted means for the interaction analyses are pre=
sented in Table 4. The results of the two-way factorial analyses

ol covarlance on the six variables are preserited in Table 5.



Table 2

Neans by Gmp for the One-way Analysi.s of Cova:iance
for Post-test Conservation Scores

. | émup ng:nt?omlg' 23 | ﬂeantmlmber E—MWM Hean%m
 Pre-test 1126 41 8.28 40 W25 36 1115 117
Post-test 15.% 41 158 40  14.92 36 - 15.09 117

Adj. Post- 1530 WL 16,58 40 1320 36 15.09 117

Table 3

Summary Table for the Post-test Scores
Oue-vay Analysis of Covariance
Covarying Pre~test Scores

Source of Variance S.8. d.f. M.S. F
Between 189.10 2 o, 55 2.3911
Within Lu68.27 113 39.54

Total b657.37 115

| EKC

Aruitoxt provided by Eic:



Table &4

Adjusted Means for the Two-way Factorial Analyses
of Covariance on Post-test Scores

~ Interaction Group m;gﬁ; 1 Conggl,% Mm& Total -
S - Mean Number Mean Number Mean Number Mean Number

‘Group by Sex  Male 13.43 19,500 15.68 19.500 13.10 19,500 14.07 5_8.500"

Fomale 1644 19.500 17.68 19,500 13.77 19.500 15.96 5850
©OTOTAL 494 39.000 16,68 39.000 13.44 39,000 15,02 117.000

: 9 years 16,796 17.:.67 16,79 17,167 11.87 17,167 15.3%  51.501
TOTAL 15,96 3% 14,07 3%a33% 1342 W33 2448 103,000

gy iy

Group bty Racet Black , 14,50 19,000 11.47 19.000 12.99 38,000
White 16477 194000 14,19 19.000 15.48 38,000
TOTAL 15.63 138.000 12.83 38.000 14,23  76.000
Group by High WS 12,000 19.39 12,000 16,31 12,000 16.72%  36.000
Achievement
Average 16,39 12,000 17.19 12.000 13.11 12,000 15.5 36.000
Low 12,50 12,000 14.5% 12,000 12.11 12.000 13.05 36.000

TOTAL 448 36,000 17.04 36,000 13.84 36.000 15,12 108,000

Grou; by Average 15,86 18.830 15.05 18.830 14.70 18.830 15.20 56.490°
m O=
econonic Low 12.56 18.830 15.80 18.830 13.51 18.830 13.96 56.‘0»90.

TOTAL We2l 37.660 15.42 37.660 14,10 37.660 14.58 113.000

Group by I.Q. High 15.30 19.000 18.15 19.000 16,48 19.000 16.64  57.000
TOTAL 14,73 38,000 16.32 38,000 13, 53 38,000 14.86 114,000

¥The eroup by race amalysis was not dome on Control Group 1.




Tahlé 5

Summary Table for the Two=way Analyses of Covariance
on Post-test Conservation Scores

Q

Interaction Source of Variance S.8. d.f. M.8. - F
Group by Sex Between _ ’ A
_ Groups 205,73 2 108,86 2.4024
Groups by Sex 26.86 2 13.43 NeSe
Within 4709.79 110 42.82
Group by Age Betwéen ‘ : ‘
"~ Age - ' g 44 1 ) - NeSe
Groups by Age 314.33 2 157.17 3e1584*
Within 4776.98 96 49.76 ‘
Group by Race Between
Groups 149,92 1 149,92 3.3159
Race 118.14 1 118.14 2.6129
sroups by Race 0.98 . 0.98 NeSe
Group by Between
Achievement Groups 206.13 2 103.06 2.4858
- Achlevement 256.44 2 128.22 3.0926%
Groups by Achievement 91,57 L 28,89 NeSe
#ithin 4063,04 98 4146
Group by Between
Socio~ Croups b4 .83 2 22.4) NeSe
econonic Socio~economic 47.91 1l 47,91 NeSe
Groups by Socio-econ. 72.88 p s 3604 Ne&e
Group by I.Q. Between :
Groups 149.48 2 PeeThe 1.9982
1.Q. 362.31 1 362.31 Q.6862%*
Gmups by I-Q- 108.?? 2 5“'0 39 1'“539
Within 4002,29 107 37.40

P s significant beyond the .05 ievel.
#+p is significant beyond the .01 level.



Analysis of the data indicated that sex, race, and
soclo-economic status were not found to be significant variables
related to children‘s conservation scdres. No 1nteraction between
any of these variables and the treatment was found.

Age. The results for age indicated a signlficant croup
by ace 1nteraction (F =3, 158#, with 2 and 96 degrees of freedom;
p'<k05) It seems that age interacted with group status to affect
children‘'s cOnservation sc:res. An eta coefficient of..ahah.nas.
obtained on the significant F value for groups by age. Therefbxe,

- about 6 per cent of the variance in children‘s conservation scores
may be accounted for by both age and group status.

In order to determine if any pairs of cell means for
post=test scores were significant, t-tests were calculated between
the means fdr eight- and hine~yea:-olds in each of the three groups.
The obtained t~score of 2.2591, with 32 de/rees of freedom, for
Control Group 2 was significant beyond the .05 level. The t-scores
for the other two groups were not significant. Age made a signifi-
cant difference in the conservation scores of children in Control
sroup 2, but not in the other two groups.

Achievement. 1In the analysis of the achievement by group
interaction, the obtained value of F, 2.0926, with 2 and 96 degrees
of freedom, was significant beyond the .05 level. There were signi-
ficant differences in the children's conservation performance
related to achievement level. An eta coeificient ot .3087 was
obtained on the siznificant F value. About 9 per cent of the
variance in conservation scores can be accounted for Ly achievement

level. The group with the highest ceneral achievement level
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obtained ghe highest mean éonservaiion score. Similafly, the
second_uighQSt_g:oup on conservation wéé’the sccond highest general
achievemént group, and the lowést gtoub on conservatioh was the
lowest gehéral achiévement group. Status on achiévement level
corresponded with conservation scores. -

J1.Q. Score. Analysis of the I.Q. score hy‘groupkdata
indicated a significant interaction, The obtained F value, 9.6862,
vith 1 and 107 degrees of freedom, was significant beyond the .OL
level. There were significant diffbrences-1n-ch11dren's censer-
vation scores eomrgsponéing t6 the1f I.2. levélsa An eta coefficient
of ,2880 on the significant F value Indicated that about 8 per cent
of the variance in conservatioh scores ¢can be accounted fof by I
level. The high I-Q, group tended to score significantly bettexr on
the post-test than the low I.3. group.

CONCLUSIONS

Several conclusions based on analysis of the results of
this investigation follows

1. The sequence of self=directed conservation activities
did not significantly affect the children’s acquisition of conser-
vation concepts,

2. There was a significant interaction between age and
group status relating to conservation scores. Nine-year-old
children in Control Group 2 performed significantly better than
did eight~year-old children in that group. Age in the other two
groups was not a significant factor affecting conservation scores.

3. School achievement scores were significantly related

to the children'’s conservation performance in all three groups.
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Children with higher achlevement scores acquired higher conservatlon
scores than the other children. Tﬁelleéel‘of school achievement
corresponded with eénservation scomes. |
A 4. I.. scores were significantly related to conservation
scores in all three sroups. Children with high I.3. scores per-
formed significantly better on the post-test than did children with
low I.3. scores. |
cantly affect children's conservation scores. No significant
tnteraction was fouha-hetween any of these variables and the
treatment to affécf conservatian-scofes.

A number of possible'questions mayAbe derived‘telétlng
to these conclusions and to the implementation of this investigation.

Eigh£ the experimental materials be more appropriate if
introduced at an earlier age, when children are Jjust beginning to
develop conservation behaviors, or at a later are, when children
are consolidating previous conservation experiences? Were the
conservation activities implemented over a time period which was
too short for observable developmental change? Are the effects of
the conservation actlivities more long-term and hence measurable at
some time beyond the period of the 1n;estigation?

Was the experimental treatment thorough enough to
affect the children's conservation ability? Would a more thorough
and integrated experience with conservation activities 1nf1uehce
.generalizable conservation ability?

1.3+ score and achievement level were both found to

significantly relate to conservation scores. These findings lend

5. Sex, race, and soclo-economit status did not signifi-
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vandity to the measure of conservation ability used in £his inves~
tigation. Can a meastme of e@msen_rﬁation( ability be used to identify
ability ievéls of children. as I;Qa ‘and achievement scores have been
used? -

- The children in this invesugation' were initlally com-
parable on soéiq-economie status. AEsggn"cially, ‘most of the chlldren

were rated as low average ér low soclo-economic level. No differ-

ences were found between these gToups on the measure of conserva=

tion ability. Would differences be found among children with more
marked cultural differences?l -

Did the type of elass:oom situation influence the per-
formance of the thnee groups? Did the childtén's p_eifomance and
verbalizations on the pre-test reflect their ¢l assrpom experiences,
especially in the experimental group? Were teacher influences also
related to children’s performance on the pre-test?

Could other effects have occurred aside from competence
in specific conservation operations? Were other areas of learning
affected, such as the adility to handle learning tasks not directly
related to the conservation concepts? Was motor ability influenced,
especially among younger children? Could the children's expioration
of the conservation materials contribute to their ability to handle
other problem~-solving situations?

Are other variables more highly related to conservation
ability than the variables identified in this study? Could such
variables as physical development, motor ability, children's
self-perception, and type of classroom organization be related

to performance in conservation?
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APFENDIX

Bmples of the Pre- and Post.-test 'I'asks
Exa.mples of the Experimenta.l Conservation Activities




MRBER 1 Maxblas

Shoﬁ the child the two containers with the warbles in the tall, thin
contaliner.

ASK: t%hat would happen if you pour the marbles into the short, fat‘
-~ glass? Would thege be more marbles, fewer marbles, or the same
nunber of maxbles? :

Have the child puur the marbles into the short, fat glass.

ASK: Are there more marbles, fewer marbles, or the same number of
: marbles now? How do you knog? S

ASK: Questions necessary to determine whether the child has logical
necessity, cowmpensation, reversibility, : ‘

SCOREs 1 point each for logical neceséity. compensation, revetsibility.
TOTAL POINTS POSSISLE: 3

NCMBER 2 Buttons

Lay out one row of buttons. Have the child lay out another row with iiwe
sazc nunber of butrons bepeath the firsc row. The child should agree
that both rows have the same number of buttons.

Sprecd out one row,

ASK: Which has more buttons, Dy row or your row? Or do they both have
the same nuzher of buctons? How do you know?

Make one row of buttons into a circle,

ASK: Which has core buttons, the circle or the row? Or do they both
iave the sam: number of buttons? MHow do you know?

ASK: Questions necussary to determine whether the child has logical
necessity, compensacion, reversibility,

S5CCRE: 1 peint oach for logical necessity, compensation, reversibility.
TOTAL FOINTIS POSS1IBLE: 3



SUSSTANCE 1 Clay

Show the child the two balls of clay. Have him agree that the two balls

contain the same amount of clay. If necessary, let him change them

until he agrees that they have the same amount of clay,

“ASK:  What Qould happen if you roll dne of the balls iﬁco_a léng snake?
Would the snake have more clay, less clay, or the same amount of
clay as the ball? .

Have the child roll out one ball into a snake.

ASK: Does the snake have nogg:clay. less clay, or the same amount df
©° ‘clay as 'the ball? How do you know?

ASK:  Questions necessary to determine whether the child has Iogical
necessity, compeasation, reversibilicy, ' ‘

SCORE: I point each for logical necessity, compensation, reversibility.
TOTAL TOINTS POSSIDLE: 3 '

SUBSLASCE 2 Water Level

£bow the child the two containers with the water in the short, fat glass,

ASK: What would happen if you pour the water into this tall, thin glass?
Would tliere be more water, less water, or the same amount of watcr?

iave tae child pour the water into the tall, thin glass,

ASX: Is there wore water, less water, or the same anount of water now?
Llew ¢o you know?

Then show the child the three small glasses,

ASK:  If you would pour the water into these three small glasses, would
there be wore water, less water, or the same apount of woter?

Bave the child pour all the water into the three small glasses.

ASK: I3 there more vater, less water, or the same anount of water now?
How do you krow? :

ASK: Questions fecessary to deteruine vhether the child has logical
necessity, coppensation, reversibility,

SCORE: 1 point each for logical necessity, conpensation, veversibilityv.
T0TAL FOINTS FOSSISBLE: 3



MATERIALS:

' DIRECTIONS:

MATERIALS:

DIRECTIONS:

JATCRIALS:

DIRECTIONS:

LENGTA 1, Wires

2 pioces of doorbell wire 12 inches long

2 pattern cards showing an “S" shape and a "C" shape

The children laid both vircs side by side to see that they
were the same length. They then used one of the wires to _
make designs, -

They nade two designs by following the pattern cards: “s“
and "C"o T ‘

The children then wade 5‘designs of their own from the wire.
Suggestions included: a snake, a circle, a spring,

LENGTH 2, Pegs

one board with 4 plastic pegs arranged in a cross design
one piece of yarn connected to the board

Tha children used the yarn and the pegs to make designs,
They pul the yarn around the pegs to make: a diamond,
a triaurle,

The cuildren then made 3 of their own designs. Sugrestions:
4 tlmer, G star.

LENGTH 3, Car Tracks

a board with 3 car tracks: straight, zig-zagged, and squarcd
3 cars: one for each track
£lachlight bulbs connected to 2 of the cars

The cirildren used the board vith the 3 car tracks. The car
cn the straight track was the lead and had no light bujib.
The other 2 cars had flashlight bulbs comnected to a trins-
former. The board was wired so that when the cars wera in
the same position as the lead car, the bulbs would licht.

The ciildren noved the lead car along its track. They rvoved
the other £ cars the same distance. When the CLEE Went tiie
sare distance, the bulbs would light,



© GLIGHT 4, Cups

MATERIALS: - equal arn balance
one small paper cup
soall ciles for standard units

>«

- DIRECTIONS: The children {irst veighed the paﬁor cup. They then suaslied
' the cup so that it vas flac, They veighed it again to sce
how many tiles were nceded to balance the cup after it was
flat., '

NEIGHT 5, Ice Cubces

JATERIALS: * equal érn,balance .
sxall tiles for standard .units
1 ice cube in closed 30 cco container

DIRLCTIVAS: The children were instructed to veigh the ice cube and
write dovn liow many tiles it took to balance it,

They then hept the ice cube wvniil it welteds hey weipghed
the selied ice cube and coupared this welght vi*a their
first ..umber,

VEIGHT 6, Plastic Dag

HATEETALS:  equal arm balance
smzll plastic sandwich bag
paper clips for standard units

DIRECTIONS: The children were asked to place the plastic bag in the

balance and find out hovw nany paper clips it necded to
balance. ‘

They then crumpled up the bag and weighed it again. They
comparc:d this weight uith their first finding.




