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ABSTRACT

This study was designed to assess the effects of
teaching the concept of interior volume, and methods of computing
this volume, on the ability of fith-grade students to conserve
volume. Conservation of volume was measured by an instrument
developed by Lovell and Ogilvie. Instruction was in a mode compatible
with the majority of elementary textbooks. Fifty-eight fifthegrade
students were paired on the basis of age, sex, and responses to
pretest questions. One member of each pair was randoaly assigned to
instruction on volume; the other received an equivalent amount of
instruction on an unrelated topic. After instruction a posttest wuas
administered; one month later a retention test was given. Results of
the experiment indicated that instruction on volume did not affect
conservation by those students who gave non-conservation responses on
the pretest; 50 percent of these students could reproduce the volume
formula on the posttest, but less than half of these showed
retention. Students who vere able to conserve volume were all able to
calculate volumes on the posttest, but only one-third of thenm
retained this ability. (SD)
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YHE EFFECT OF TEACHING YHE VOLUME FORMULA FGR A RECTAWGULAR SOLID (v = 1 x w x h)
ON THE LEVEL OF CONSERVATION OF VOLUME OF FIFTH GRADE SUBJESTS

A signdficant muber of elementary gchool mathematica textbooks present
the voluse formula for a rectangular solid at the fifth grads level, Piaget ot
al. (1960) say that comprehension of the volume formula is attained by most
children at the and ci a complex process of strugglim with the concept of
conservation of volume, which is a dcvm_j:mtal phenomenon ocourring in the
following stages: (i) conservation of interior volwme, (2) conservation of
occupied volume, (3) conservation of diapfspment volume, (i) mathematical
multiplication as it relates to the measure of volume, According to Piaget,
conservation of volume is a very difficult notion which camnot be fully
understood until a child reaches the formal operational stage in intellectual
development. . For most children this would come smmetime after elementary
school is caupleted (Piaget et al., 1960). Thus, one implication o. this theory
is that it would not be profitable to try to teach the volume formula, at the
very least, until the subject hes acquired conservation of inmterior voluse and
probably not until he is involved with resolving conflicts concerned with

occupied volume.
Piaget's theory is based in large pert on the premise that the stages of

development occur in the order he ssts down and within approximate age guidelines.

Lunser, Elkind, Lovell and Ogilvie in papers published in the early 1960's found
resuits that were in basic agreement with Piaget. On the other hand, Flavell,
Pinard and Laurendeau, and Usgiris published articles which challenged Piagei's
nethod of testing for conservation and connquenuy, his age guidelines, They
concluded that conssrvatior could perhaps be achieved at an earlier age.
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While a nmumber of variables have been examined for possible relationship

40 volume conservation, there has been almost no research on the effect teaching
has on a student's ability to conserve volume, Lovell and Ogilvie (1961)
conjectured that teaching the volume formula might help a child to achieve
conservation of volume, and this position was later reiterated by Lovell

in 1971, 7Thus, the purpose of this ressarch was to explors winsther teaching the
volume formula for a rectangular solid at the fifth grade level has an

effect on the development of the concept of comservation of ¥olume as descritad
by Piaget et al, (1960). |

Subjects
Two aversge atdlity rifth grade classes at Public School 156 in Jameica,

Queens, New York City participated in this study. For the 58 subjecis involved
the average age was 10 years 10.5 months with a standard deviation of 3.6
months, Thers were no I.Q. ecores available but, acgording to class performance,
teachers rated subjects fram average to s'ightly above aversge in ability,

Procedures and Methods

Lovell and Ogilvie (1961) dsvised a 3s of questions, based on Plaget's V
work, which were used to detormine the level at which a subject is connrvipg .
voluse., The experimmnter used thess questions to individually pretsst subjects
to determine their lsvel of conservation of volune - Subjects were then paired

by level of conservation, type of anworc, age, and 86X And then randomly assigned

40 either the control or the uparima. aroup, The- &porinmtal group was
taught the concept of volm~and the voluss formula in t uthod ‘compatible
with a majority of olmtary school mathematics textbooks, The confrol group
mtughtmqniulmtmborofleuminmmhmwp&c At the end
of the lnlona, subjects in the control and uperimhl granpl wers again
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individually tested, using Lovell and 0gil Iviets technique, to determine their
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level of conservation of volume, At this time all subjei s were alsc asked

if they could find a numbrical value for the volume, Approxinately one month
later, all subjects were tested for retention of level of conservation of volume
and ability to use the volume fornmh./ Responses for the pre, post, and retention
tests were taped and interpreted aftermards.

Method of Analysis of Data

The data vas aralyzed in three separate ways, In the first analysis,
each matched pair was dfscussed, The changes in the experimental subjectt's
responses were campared to those of his matched partuer in the control group,
The sacond analysis consisted of a coaparison of the controli groupfs and
exporimental group's responses tc cach of the questions ussd to determine level
of conservation of volume, The third method of anklysis consisted of the
testing of the hypotheses listed below. They were tested using 2 x 2 chi-square
designs.

Hypotheses

Hosl 3 There is no statistically significant relationship between teaching
the volume forwula for a rectangular solid to fifth grade subjects and the sub-
Ject!s ability to conssrve volume as measured by modified Piagetian tasks (pre-post),

Ho:2 1 There is no statistically sigmificant relationship batween teaching
the volure formuls for a rectangular solid to firth grade subjects and the sub-
Ject's ability to conserve volume as measured by modified Piagetian tasks (pre-
retention).

Hos3 s There is no statistically ugnjﬁcar'xt relationship betwesn a subjcct's
understanding of logical wmultiplicatior as measured by typs of response snd a
subject's ability to use the volume forrmula after an a.ppropriate learning experience,

Hosli : For those subjects who could nse the fomuh in the posttest, there
is no statistically significant rulationship between his understanding of log-

feal multiplication as Wod-by type of rusponse.and his retestion nfishe formuls,’

4
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Results

Following the pretest, eight pairs of subjects were identifled who give
noncomnzervation responges to ail questions, fourteen pairs of suojects who
wore on the threshold of comserving interior voluse, one pair of subjects
who gave *no clear® responses to questions concerming conservation of interior
voluzme, and six pairs of subjects who conserved interior volume, FEach pair
of subjecis represents a member of the experimental group and a matched member
of the control group. '

The learning experiencs seomad to have no major effect on the ability
to conserve volime of the students who 31d Hiot conserve volue at any level
during the pretest., According to Plaget, these students had not acquired the
necessary prerequisite structures for the concept of the measure of volume amd
thersafore would not be able to grasp it. Tho rosults are in agreement with
Piagetls theory, This is further illustrated in their lack of ability to
learn and or retain the volmme formula, Only 50% of the students retained the
idea of measure of volume as the mmber of umit cubes and only 50% learned the
formula and only one-half of them retained it.

For those studentas that were grappling with conssrvatior of intericr
volume during the pretest, S0% learned and retained the notion of the measure
of volume a3 the mumber of unit cubes, yet only 4% retained the volums formula,
It seems likely that Plaget ias correct in his implication shat the formula
would not be understood by most students until at least they are concerned with
the problems of occupled and displacement volume.

For those students who oould conserve interior volume in the pretest,
1008 leazmed and retained the notion of messuring volums by coumting unit cubes,
This concept seems to be more closely rslated to:the understanding of comserva-
tion of interior volume, The learning experience did not significintly affect
the students! ability to conzerve ocoupied or displacement volume. .wther, it
soens likely that the abllity to conserve interior volume gave them the nec suiary
strectores to assimilate the concept of the measurs of volume a8 the mumber of

1)
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unmit cubes., This did not, however, preparé them tor( retantion of the volume
formula. Although 1008 of the students in this group cvuld uss the formula
in the posttost, only one~third retained it, This differs only slightly from
the other groupse.

At the start of the experimental period, 76% of the experimental and 76%
of the control group could not conserve volume at any level. During the
posttest, LRX of the experimental group, a8 compared to 69% of the comtrol
group, could not conserve volume at any level. For the refantion test the
control group remgined at the same level, whereas ‘.he experimental group
went dowr to LSS who could not copssrve volume at any level., It seems likely
that the learning sxperience helped a few subjects to focus on the problem
of conservation of volume and resolve it at scme lsvel.

There were no significant changes in terms of conservation of occuplied
or displacement voluwe, It toems likely that the learning experience had no
affect on subjects' ability to conserve occupied or displacement volune

Looking at the chi-square for all the students, there is no statistically
significant relatiomahip between being tuaght the volume formula and their
ability to conserve volume, in either the pre-post or pre-retention test
gitvation. Ths pre-retention test chi-square was done to check on the possible
statistical sigmificance the learning experience might have over a longer period
of time, Some students showed no change between the pre and post tests btut
did change in the retention test in ways that seemed to be related to the
iearming expsrience., For example, _,the counting of cubes to check on comservatibn
of interior volume was done by some students in the retention test. For
some students, the classroom experience meﬁ‘;to focus their attention on the
discrepancies involved but it took them & 1ittle time to resolve them,

It wes noted that thoss students who retained the Yolue formula also
showed ability to use logical multirlicatién which involves conpemtion of

O  differexces in the dimensions of the tho object., ‘nu 'dhildam into account
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the boundaries of the surface but not in a strictly metrical or Buclidean sense,

fais 1sad to the idea that there might be a statistically significant relatirn-
ship between giving answers related to logical multiplication and learning

ths voluse formula, Althopgh‘ the sample sise wes very mall, it seems impor-
tazt that the chi-square was sigmificant at the .05 level. Also there were

no students who guve answers related o logical multiplication and who didn't -
learn the volume formula for the posttest. This learning amy have been ‘

partially rote or not fully digested a® evidenced by the fact that for those - .

students in the axperimental group who lsarned the voluse forwula there ¥as
no statistically significant relationship between giving logical waltiplication
type responses snd the abllity to rs@sin ths volume formula, It seems that
having some knowledge of logical multiplication maue the initial learning of
the formula easier but it was only a superficial type of ledrning as evidenced
by the low retention rate.
Swmasy

Overall, the learning experience ssems to have been most helpful for
thoee students who were at the threshold of conserving interior volume. During
the posttest 3% of these subjects comserved interior volume completely and
of these 83% retained full conservation of interior voluse in t's retention
test. The learning @ﬂme had no significant effezt on their ability
to conserve occupded or dispiacement volume and only 1% of this group
retained the volucs formula. For thoge who alrsady conserved interior volume,
the learning experisnce seemed to have little or no effect on their level
of conservation of volume, It scems necessary to conclude that this type
of lemrming experience at this grade lsvel, was not significantly valuabls
for a majority of subjects who participated in thie experiment. For a
najority of subjects, it did not raise ttibixf level of corssrvation of volume,

Although 1t wes & limited experiment dons on & small soale, it does

give some indication that teaching of ‘peometric: fofwulas the the slementary
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school lewel has to be seriously studied to 3ea where such formulas would be

nost profitably placed in the curriculum.
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