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Introduction

The objective of this presentation is to demondrate that understanding of the concept of volume has
more than one reaed agpects therefore, teaching practices should observe that certain individud skills
are developed before abdtract methods of cdculdion of volume are introduced. This sudy is
concentrated on the understanding of the concept of volume of rectangular solids &t late primary school
children (age 10-12 years), that is before they enter secondary education. The two aspects of the
concept which are going to be examined is measurement and conservation.

The SOLO Taxonomy theory served as the theoreticd basis for the study. Earlier research, in the
1960's and the 1970's, confirmed children’s progressve undersanding of the different aspects of

consarvation of volume as proposed by Piaget et d (1960) and Lunzer (1960). Criticiams of the
FPagetian dage theory semming from its falure to explan the problem of decdage lead to a
recondderation of both the notion of intelligence and the primacy of the underlying cognitive sructure in
more recent theoreticd modds. One such theory is the SOLO-Taxonomy theory which was origindly
developed by Biggs and Callis (1982) and later modified and further developed by Collis and Watson
(1991) and Biggs and Callis (1991). By separating the underlying hypotheticd cognitive structure from

the observed leve of response (to a variety of content pecific materias within the school curriculum),
the theory dlows for externd factors such as language, Spedific learning experiences, motivation aswell

as underlying cognitive factors to mediate so as to produce the observed levels of response.

M ethodology

The sample comprised of 90 primary schoal children from three different schoolsin Cyprus. Groyps of
30 children consgting of an gpproximatey equa number of boys and girls were sdected from each
school, hdf of them atending grade five (15 children) and the other hdf atending grade sx (15
children). The children from each dass were sdected randomly from the regigter.

The tasks presented for the purposes of this paper were chosen among a larger set of test items that
was used for a wider reseerch. All the tasks were presented both in the form of an interview and in
written form except for the find task concerning conservation of digplacement volume. This task was
presented only in written form following a pilot study where children’s responses to both versons of the
task did naot show any marked differences. During the interview the materid avalabdle were manly unit
cubes and the different physica objects necessary for the contact of the test. The tasks used here are
grouped under two generd headings: measurement of volume and conception of volume.



A. Messurement of voume The maerid conasted of unit cubes that the children could use. Each child
was successively presented with the following rectangular objects and asked to caculate the volume
interms of unit cubes and provide an explanation for her/his answer.

an empty 3x3x5 cartoon box
a3x4x5 congruction made out of unit cubes
asolid 2x3x4 wooden box

B. Conception of volume:

(1) Conservation of interior volume: Thisisthe wel known Piagetian task in which the child is presented
with a block and is asked to build “a house of the same room on asmdler idand’. It was adopted
with the am of testing conservation of interior volume,

(2) Consarvation of digdlacement volume This task was adopted with the am of teding children's
undergtanding of dl the aspects of volume conservation. The child was presented with ablock and a
container haf filled with water and asked what would happen to the water when the block was put
in the container. Then shefhe was told that the block was broken down and dl the cubes were to
make a new block which was dso presented (taler but thinner). The child was asked what would
happen to the water if the new block was immersed in the container.

Results

A. Measurement of volume The methods used by children to measure volume gppeared to follow the
same patern for different test items. Responses were initidly categorised into successful (1),
unsuccessful (2). Within these categories responses are listed in decreasing order of  “operationd
complexity” intermsof the SOLO Taxonomy leves.

11 Relationd levd of SOLO: Use of the multiplication formula V=LxBxH. This corresponds to the
relationd leve of the SOLO taxonomy response for children are no longer bound by the externd
agpects of each congruction and can integrate the three Eudlidean dimensionsto cdculate volume,

12 Multigructurd level of SOLO: Sequentid processng of two dimensions (eg. sequentid addition or
multiplication by number of layers sequentid addition or multiplication by number of rows or
columns) or counting visble plusinvisble cubes in an organised manner which is sructurdly correct.

21 Unigructurd levd of SOLO-trangtiond: Counting vishle and sometimes  invishble cubes inan
organised but sructuraly incorrect manner. These answers show some Signs of trangtion towards a
multistructura level of response but are however bound by perception of the externa aspects of the
block.

22 Unidructurd leved of SOLO: Counting area, (that is, squares and not cubes as ‘space filling') on
some or dl of vishle and ometimes invisble faces of the rectangular condtruction. This type of
answers can be described as unidructurd for children's attention focuses only on the visible aspect
of the condruction.

3 Other: These drategies were not as clear cut as the ones listed above and could not be identified by a
distinct category of response.

As one would expect there is an order of difficulty among the three measurement tasks compared
(Table 1). There is dso a progressive shift in the Srategies used as children moved from the eesier task



of measuring capacity to the more abstract task of measuring volume of an undivided solid. The number
of children usng the multiplication formula progressively increased from the eeder task to the more
difficult one while the numbe of children that used a layer Srategy in the capacity task adso shifted to
usng an unsuccessul drategy involving measuring individua cubes or squares

Table1: Frequency and percentage of methods used by children to messure volume

Ted Items
Method of Capacity Volume of cuboid Solid valume
cdculaion (3x3x5) (3x4x5) (2x3x4)
empty box congtruction made undivided solid
out of unit cubes
N % N % N %
Successful 74 83.3 64 711 50 55.6
11 7 7.8 9 10 15 16.7
12 66 732 54 60 35 389
3 1 1.1
Unsuccessul 16 175 26 28.9 40 444
21 1 1.1 6 6.7 2 2.2
22 13 144 17 189 37 411
3 2 2.2 3 3.3 1 1.1
Totd 90 100 90 100 90 100

B. Conception of Volume

1. Conservation of interior volume:

Consarvers of interior volume were those childrenwho responded that the new construction would have
to be taler. Non-conservers provided a response showing no redlisation thet the new house would have
to be tdler in order to have the same room, even after the explanation. These children did not redise
that when one dimension decreases the other will have to increase for the two houses to have an equd
amount of flats (cubes).

The greast mgority of children in our sample showed understanding of conservation of interior volume.
The four nonconservers of interior volume did not show understanding of the Structurd organisation of
the origind condruction in ther attempts to caculate the volume of the "old house'. The methods used
by children to cdculate the number of cubesin the origind block (“old house") are directly comparable
to those used by children to caculate volume in the measurement tasks

To cdculae the height of the new house, after the number of cubes in the old house had been
determined, the mgority of children (consarvers of interior volume) used multiplication, divison,
rearrangement or built the new condruction using as many individua cubes -one by one- as found to be
contained in the origind block. As expected, dl students who caculated the number of cubes in the
original block usng the multiplication formula did not have to build the new house to find its height. They
instead used rearrangement, divison or multiplication. The mgority of students (28 students) who used
a layer method to caculae the volume of the origind block dso used rearrangement, divison or
multiplication to caculate the volume of the new condruction while a condderable number of those



sudents (20 sudents) ill had to build the actua condruction to find its height. On the other hand,
students who were not successful in cdculaing the volume of the origina block resorted amogt entirely
to building the new block with individud cubesto find its height.

2. Conservation of displaced volume:

Basad on children's answers four categories of reponses were identified:

(@ Conservers (C): Those children who dearly sated that the water leved will rise to the same levd

when the two blocks are immersad into the container and supported their answer by providing an

explicit reason such as that: "The water leve will rise the same because the two blocks are made of

equa numbers of cubes or have the same volume or thet the water displaced will be exactly the same
because the volume of the two blocksisthe same.”

(b) Non Strong- Conservers (NSC):Those children who gated that the water leve will rise the same but
faled to provide an adequate explanation for ther view ether because they were condrained by ther
ability to express themsdves in written language or because they understood the truth of such a
datement intuitively but not in forma mathemetica terms. These children are congdered to be adle to
consarve interior volume but seem unable to provide a concrete explandion or show adequate
understanding of al aspects of volume consention.

(c) NonStrong- Conservers Postion (NSCP): Thase children who falled to respond that the water will

rise the same if the two blocks are successvely immersed in water. Furthermore, those children are
identified under the above category pedificaly because they additiondly stated thet the leve of water
will riseless, dearly because they were digtracted by the positioning of the second block. They explicitly
responded thet the second block will not be totally immersed in the water.

(d) NonConservers (NC): Those children who dated thet the water will rise more when the second
block is immersed in the water. They qudified ther answer by sating that the second block is larger
because it is tdler and therefore “bigger”. Clearly those children do not consarve volume in dl its
agoects. In some cases not even interior volume.

As one would expect the four children who were identified as non conservers of interior volume could
not consarve true volume ether. There were 19 children who were identified as conservers of interior
volume but not displacement volume. This seems to agree with Piaget findings that there is a sequentia
madtery of conservation: interior volume then occupied and findly displaced volume.

The results shown in Table 2 describe the responses of the children to the conservation task in terms of
the response category they gave to each of the measurement tasks and the measurement part of the task
involving conservetion of interior volume. These results provide two dear observations spedificaly
concerning the two extreme groups C and NC: Firg, children identified as conservers are dl successful
a cdculating volume in the different measurement tasks. Second, the non-conservers dthough some of
them (not the mgority) are successful & caculating volume in the measurement tasks, they do not use
the multiplication formula for the caculation of volume but resort rether to a layer or column drategy.
Clearly, therefore, nonconsarvers @ best produce a multistructurd response in their attempts to
caculate the volume of a rectangular solid but do not reach the relationd response level which appears
to be rdaed to the use of the multiplication formula

With reference to the remaning two response caegories (NSC and NSCP) identified in the
conservation of digplacement volume task children's performance on this task does not seem to bear



direct rdlationship to their performance on the different volume messurement tasks

Table 2: Response catenories on the consarvaion of digplacement volume task by methods used for

volume measurement tasks.
Method of Consarvation of Digplacement volume
cdculaion
Task C NSC NSCP NC Totd
Capecity
1 23 21 14 16 74
11 5 1 1 7
21 1 1
22 6 1 6 13
3 2 2
Totd 23 29 15 23 90
Volumeof C NSC NSCP NC
cuboid
1 23 18 12 11 64
11 4 4 1 9
21 2 1 3 6
22 7 1 9 17
3 2 1 3
Totd 23 29 15 23 90
Solid volume C NSC NSCP NC
1 23 10 10 7 50
11 7 2 5 1 15
21 1 1 2
22 18 5 14 37
3 1 1
Totd 23 29 15 23 90
Trandformation C NSC NSCP NC
task
1 22 17 13 12 64
11 6 2 4 12
21 1 1 2
22 7 2 7 16
3 1 4 3 8
Totd 23 29 15 23 90

Discussion of results

Children’s responses to different tasks presented in physicd form involving measurement of capacity,



volume of a separated block and volume of an undivided block, clearly show that these tasks become
progressively more difficult. The decrease in correct answers probably reflects the degree of children’'s
awareness of the dructurd complexity of each task. Although the number of correct responses
decreases as we move from the capacity task to the solid task the number of students using the
multiplication formula geadily increases. This leads us to concdude tha through these tasks some
students became increasingly aware of the structural organisation of arectangular condruction in generd
resorting to amore abstract method of caculaion (volume formul@) while other sudents lose Sght of the
Sructurd organisation of the condruction as the visud clues disgppear and resort to a lower response
leve drategy.

Andyss of the responses to the task on conservation of digolacement volume showed that there is a
strong association between consarvation of true volume and underdtanding of the structural complexity
of the blocks in the measurement tasks, leading to correct caculation of volume for dl consarvers,
Additiondly among gudents in the group identified as consarvers of displacement volume the
multiplication formulawas used more frequently than in the other groups, while among sudents identified
as non-consarvers the formulawas hardly used.

The results presented in this Sudy seem supportive of the view that there are specific skills necessary for
children to develop before we can expect meaningful use of the multiplication formula. FHrgt children

need to practice with concrete tasks of increasing structural complexity through which they can acquire
persondly condructed views of the organisation of the three dimensond rectargular arrays made of

individual cubes before engaging with pictorid representations of divided or undivided rectangular

solids. Second children have to master conservation and guided through transformation tasks cometo a
redisation of volume in terms of its metricd continuity doing away with distraction imposed by shape or
positioning of objects.

Findly teaching practices must obsarve these individud skills are adequately developed and well
integrated leading to the use of the multiplication formula rather than making the formula the garting
point of teaching volume in late primary school. The latter could lead to rote use of the volume formula
and to its mechanica use through the end of primary and well into the secondary school handicapping
children’s understanding not only in mathematics but dso in various stience subjects were use of the
formulabecomesincreasingly necessary.
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