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In this paper, visual representations from RM Maths and SuccessMaker instructional activitiesfor
measurement of area with non-standard unitswere analysed for levels of compliance with two principles
for evaluating computer-based visual representations. The analysis proceeded in two stages: an
epistemol ogical analysisfollowed by a case study analysis. The visual representationsin RM Mathswere

found to be superior to those in SuccessMaker.

Introduction

Visud representations (graphics plus accompanying text) are the principd tools utilised
by two computer-based integrated learning systems (ILSs) (SuccessMaker (Computer
Curriculum Corporation, 1996) and RM Maths (Research Machines plc, 1998-1999)) to
facilitate the condruction of mathematica knowledge. We have conducted a close anaysis of
the visud representations utilised by the two ILSs in ther indructiona sequences for a
number of mathematics concepts. The analyss was informed by a set of saven principles for
andysng visud representations within education software that were generated from a review
of the research literature from the fidds of mathematics education, cognitive science,
computer-aided learning, computer graphic design and semiotics (see Kidman & Nason,
2000).

In this paper, we report on the component of our andyss that focused on each ILS's
levels of compliance with the first two principles (see Table 1) during indructiond sequences
that concentrated on the measurement of area with non-standard units.

Table 1. Principlesfor evauating visuad representations (from Kidman & Nason, 2000)

1 Visual representations should be clearly displayed and explicitly understood by the student.
This facilitates the process of stimulating relationships among the problem data and may also help
students to recall knowledge and skills by making connections between prior internal
representations and new situations.

2. Visual representations should enable the student to focus on the deep structural rather than
surface structural aspects of the problems being investigated.

The measurement of area with non-sandard units

Many students and adults appear have a limited understanding of the concept of area and
to only comprehend area as formulae (Baturo & Nason, 1996) and not as a measure of the
soread of surface (Foxman, Ruddock, Badger, & Martini, 1982). Many of the difficulties
dudents have with measurement of aea that have emerged from testing programs have
appeared to reflect a lack of understanding of key idess subsumed within the early stages of
the teaching of area sequence (Bauro & Nason, 1996). This lack of basic understanding
prevents them from applying their limited, often digointed knowledge (Carpenter, Corhitt,
Kepner, Lindquit & Reys, 1981). In paticular, peformance on items which involve
rectangular regions has shown that problems in understanding the area concept and in
cdculating area and perimeter is more conceptua than aithmetica. It is due to formd
knowledge not being built on existing knowledge, resulting in knowledge of st principles,
but not the ahility to use thisin new Stuations (Hirstein, 1981; Foxman et d., 1982).

Ancther aspect that causes difficulty is lack of undersanding of the multiplicative nature
of the concept area (Kidman & Cooper, 1996). Many students have an additive rather than a
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multiplicative view of the relationship between length and area and thus tend to confuse
peimeter with area. In order to dleviae this confuson, it has been suggested students
learning activities with nonstandard units should involve the students in the process of
producing: (1) shapes with the same area but different perimeters (see Figure 1a), (2) shapes
which have the same perimeter but different areas (see Figure 1b), and (3) compound shapes
by adding two shapes together to form a larger shape (see Figure 2a) and subtracting part of a
shape from a whole shape (see Figure 2b)(Kidman, 1999; Baturo, Cooper & Kidman,
submitted).
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Figure 1. Shapes with same areg/different perimeters (a) and shapes with same perimeters but
different areas (b)
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Figure 2. Compound shape created by adding two shapes together (a) and compound shape
created by subtracting part of shape from whole of shape (b)

Analysis of the visual representations

The two stage andyss of the visud representations of each of the ILSs was informed by
the two principles listed in Table 1. In Stage 1, an epistemologica andyss was conducted.
The visud representations were evaduated in terms of whether they would involve students in
activities which would help them to learn how to measure the areas of shapes with non
standard units and also to gain deep structura knowledge about the concept of area (eg., the
multiplicative nature of the concept of ared). This stage of the anadyss was informed by the
findings from Kidman (1999) and Baturo et a. (submitted) presented in the previous section.

In Stage 2 of the andyds, involved the detalled the observetions of two sudents
interactions with the ILS's teaching sequence for measurement of area with non-standard
units. One of the children (a Year 4 femde student) was sdected because she had very limited
previous classwork on the topic of measurement of area with non-standard units. The other
child sdected (a Year 5 femae student) had just begun the study of measurement of area with
non-standard units in her classoom. In addition to observing the two children’s interactions
with the ILS's learning activities, we aso asked the children: (1) what they thought were the
main idea(s) that they were supposed to be learning from the activities, (2) how they worked
out their responses to the questions, and (3) what difficulties they had encountered during the
activities. These questions were asked during and immediately after each activity.

RM Maths(RM) RM has two sequences of activities for measurement of area with non
dandard units within Learning Progresson O: Adding and subtracting areas.  In Activities O1
and O2, students investigate as two shapes are joined to form a larger shape. In Activities O3
and O4, dudents investigate “finding the difference between two aress by cutting away”. The
three tasks in Activity Ol present students with shgpes composed from unit squares (see
Figures 3a and b) whilst in the three tasks presented in Activity O2, the shapes are composed
from unit triangles In Activities O1 and O2, the dudents are initidly presented with two
shapes and the number of units in each shape. The accompanying text and voice-over tells the
sudents that the number on the shapes tells you their areas (see Figure 33). RM then dides
the two shapes together, then dides them apart back to ther origind postions. The student
then is asked, “What will be the area of the big shape?’ After the student has recorded their
answver, RM dides the shapes back together again.  Unit squares are then iteratively placed on
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top of the left hand shgpe without any accompanying voice-over counting. When the find unit
has been placed on the left hand shape, the voice-over dtates the total number of squares (or
aea of the shape). Immediatdy following this, the unit squares continue to be iterdively
placed, this time on the right hand shape accompanied by voiced-over iteraive counting. For
example, voice-over accompaniment for Figure 3b as the unit shapes are placed on the right
hand shape would be, “8 and 9, 10, 11, 12, 13, 14.”

7 The three tasks in
il Activity O3 present students
with shapes composed from
unit squares (see Figures 4a
and b) whilg in the three
tasks presented in Activity
04, the shapes are
: s : composed from unit
T ] ' triangles In Activities O3
Figure 3. RM Maths O1 task and O4, the students are
initidly presented with two
shapes and the number of units in each shape. The accompanying text and voice-over tells the
sudents that the number on the shapes tdlls you their areas (see Figure 4a). RM then dides the
sndler of the two shapes s0 that it becomes superimposed on the larger shape. Then it dides
the smdler shape back to its origind podtion. The student then is asked, “What area of
[larger] paper will be left?” After the student has recorded their answer, RM agan
superimposes the smdler shape on the larger shape. Unit squares are then iteratively placed
on the overlapping region of the larger shape (see Figure 4b). This is accompanied by a voice-
over of each iteration. For example, voice-over accompaniment for Figure 4b would be, “12
take away 5is7, so the area left will match 7 squares. 1, 2, 3,4, 5, 6, 7.”
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: Anayses of the
il diagrams in these tasks,
\| indicated that it was highly
likdy that the visud
1 representations  in RM
¥ would facilitate the process
of learning how to messure
_ B the aeas of shapes with

T ' - =1 = nondandard units and the
Figure 4. RM Math O3 task ganng of deep sructurd
knowledge  about  the
concept of area The dructure and dynamic nature of the animated graphics contained within
the visud representations should facilitate the establishment of cognitive connections between
the visual representation and the concept of area. For example, the iterative covering of the
shapes with the animations should enable sudents to see how the measurement of area can be
ascertained by counting the number of units needed to cover the area. This is reinforced by the
cose synergy between graphics, accompanying text and voice-overs. The RM visud
representations aso enable students to engage in activities where “red” compound shapes are
composed by ether joining two shapes together to form a larger shape or subtracting part of a
shape from a whole shape. Research conducted by Kidman (1999) has found that activities
such as these are crucid in ensuring that students congtruct multiplicative rather than additive
viewpoints of the relationship between length and area.

It was found that some of the animations and their accompanying voice-overs caused
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some problems for the younger child who had limited experiences with the measurement of
area with non-dandard units. For example, with the task illustrated in Figure 3a the initid
animation of joining the two shapes and then separating them together with the question,
“What will be the area of the big shape?’ led the child to generate an answer of 22. This was
obtained by adding the 8 and the 6 from the two shapes plus the size of the region between the
two shapes (8). When she got feedback that her answer was incorrect, she focused on the &
unit region between the shapes and got an answer of 8. On the third try, she sdected the area
of the bigger shape and generated an answer of 8 again. When the system indicated that she
was agan wrong, she became most puzzled by the task. However, this puzzlement quickly
disspated when the sysem utilised the iterative counting on of units to explan why the
answer was 14. When subsequent O1 and O2 tasks were administered to her, she confidently
and correctly answered dl the questions. During the pod-activity interviews, it was quite
evident that she had clearly understood the main idea of these tasks. The older child
immediately got the idea behind these activities and experienced no problems with any of the
adding of areas tasks.

The younger child dso experienced some difficulties with the O3 and O4 activities. In
both activities, the mgor purpose was to have dudents invesigate “finding the difference
between two shapes by cutting away”. According to the authors of RM, the mgjor purpose of
this activity to help students congtruct the notion that the areas of compound shapes can be
found by subtraction. However, the operation represented by the visud animations was not
one of “cutting away”. Ingeed, it was one of iteratively “counting on” from the area of the
sndler shape until the pat of the larger shape not covered by the smdler shape had been
covered by the unit squares. This visudly represented a “counting on” modd of subtraction.
After completing al sx tasks in the two activities, the younger child had not constructed the
notion that the area of a compound shape can be found by subtracting a part of a shape from
the whole shape. The older child experienced none of these problems. She was able to utilise
her previous knowledge about visua representations of area and the measurement of area with
non-standard units to make sense of the activities and successfully complete dl of the tasks in
both activities. She aso had multiple models of subtraction - take away, missng addend and
comparison. This particularly helped her with comprehending the mgor purpose of the
Activities O3 and O4. During the podt-activity interviews, it became quite evident that the
younger child's knowledge about subtraction was limited to “take away” and she did not
relate the process of counting on modelled in these activities with the operation of subtraction.
Her limited knowledge about subtraction together with the ways in which the visud
representations scaffolded her solution process for each of the tasks therefore seemed to
prevent her from abgtracting from the man idea of the O3 and O4 activities, namdy that the
area of acompound shape can be found by subtracting a part of a shape from the whole shape.

SuccessMaker (SM) The SM activity for measurement of area with non-standard units
(Activity ME2.58) conssted of a one screen presentation with a compound shape task where
dudents are asked to join a rectangle conssting of one column of two unit squares to a
rectangle consgting of three columns of two unit squares (see Figure 5). The students are
asked the quegtion, “How big together?’ If they correctly answer 8, they get immediate verba
feedback that they are correct. If they answer incorrectly, they are given another go. Thenif
they again fal, SV verbdly tells them the correct answer before proceeding randomly onto a
new, posshbly unrelated topic. The epigemologicad andyss of the visua representation in this
learning activity indicated that it was highly unlikdy that the visua representation would
facilitate the process of learning how to messure the areas of shapes with non-standard units,
and the gaining of deep sructural knowledge about the concept of area. The dructure and
datic nature of the visud grgphics and the ambiguous nature of the accompanying language
contained within the question, “How big together?” makes it problematic whether Students
would be ale to make a cognitive connection between the visua representation and the
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concept of area (Principle 1). It seemed more probable that many students would perceive the
activity as another addition task. The datic nature of the visud representation adso would
prevent students from engaging in activities which research conducted by Kidman (1999) and
Baturo et d. (submitted) has found are crucid in ensuring that <Students congruct
multiplicative rather than additive viewpoints of the reationship between length and areq,
namely activities where students produce with unit squares (1) shapes with same aress but
different perimeters, (2) shapes with same perimeters but different areas, and (3) “red”
compound shapes by joining two shapes together to form a larger shape and subtracting part
of ashape from awhole shape.

Mog of the limitations of the visud representations in the SM activity identified during
the epigemologicd andyss were confirmed during the observatiions of the two children's
interactions with the activity. This was especidly s0 in the case of the younger child. In her
fird atempt, she gave seven as her answer to the question, “How big together?” She dso
gave an incorrect answer the second time and only seemed to understand the nature of the
problem after SVl gave her the correct answer. When asked what she thought the purpose of
the activity was after she had completed it, she sad, “How big area of smdl blocks gunna
be” It was only when she looked more closdy at the two rectangles and identified the number
of unit squaresin each column, she was able to “seg’ that there were 3x2 + 1x2 dtogether.

The older child who had had experience
with messurement of area with non-standard
units immediately recognised that the visud

- representation  was presenting an  aea

How big together? 8 problem. She indicated that the SM visud

’ representations were similar to those she had

I - wg seen before on measurement of area textbook
I

and worksheet activities presented to her in
schooal. During the interview, this child
pointed out that the visua representation had
an ambiguity that “could be corfusng to
Figure5. SM Activity ME2.58 younger kids” If putting the two rectangles
“together” meant Sde-by-dde, then the correct answer was eight. However, if “together”
meant superimposing one rectangle on ancther, then wha you would see would be sx unit
squares. She pointed out that many mathematics Software packages with animation moved
shgpes together by superimposng raher than placing them dde-by-sde; she therefore
reasoned that many young students would incorrectly give an answer of 6.

Discussion and Conclusions

The resuts from the andyss of the visud representations utilissd by RM and SM in ther
measurement of areawith nonstandard units activities are summarised in Teble 2.

Our epigemologicd andyss of the RM visud representations indicated that they highly
complied with Principle 1. They displayed the topic being investigated and presented clear
and explicit ingructions that were both wel sructured and sequenced. Furthermore, the
animations linked the measurement aea activities to the operations of addition and
subtrection.  However, data from the case study andyss indicates that the levels of
compliance of the visud representations with Principle 1 were heavily predicated by a child's
prior knowledge not only about the topic being taught but dso by other mathemeticd
concepts and processes embedded in a task. The younger child's lack of prior knowledge
interfered with her undersanding of the task. Because of this we modified our initid
evauation from high compliance to moderate compliance.

Our epigemologicd andyss of the RM tasks indicated that because they would enable
sudents to engage in the types of activities (producing compound shapes with unit squares by
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joining shapes or by “cutting away” from a whole shape) enabling them to focus on the deep
dructurd aspects of measurement of area with non-standard units, we initidly evauaed them
a having high compliance with Principle 2. The evdudion was dtered to moderate
compliance because the younger child lacked background knowledge about (1) measurement
of area with non-standard units and (2) missng addend subtraction. Therefore, she was unable
to focus on the deep structura aspects of measurement of areawith non-standard units.

Table 2. Andyss of visud representations

Principle# ~ RM Maths  SuccessMaker Our epigemologica and case study andyss of the SV

visud representaions were condgent. The limitations
identified in both types of andyss resulted in an
2 Moderate Low evauation of low compliance with Principles 1 and 2. The

1 Moderate Low

visud representations in SV Activity ME258 did not
present cler and explicit indructions nor fecilitate the congdruction of deep structurd
knowledge about the topic.

We have conducted a close andyss of the visua representations dilised by the two ILSs
in ther ingructional sequences for a number of common topics other than measurement of
area with non-gandard units. Our findings in these other dudies have produced findings
identica to those reported in Table 2. Based on our cumuldive findings from dl of these
dudies, it would seem that RM would have greater success, than SM, a fadlitaing the
congruction of mathematica knowledge, and this success can, in part, be attributed to the
higher quaity of its visuad representations. Another consgent finding that has emerged from
this and rdated gudies is tha when one is evauding the levels of compliance of an ILS's
visud representations with Principles 1 and 2, one needs to carefully consder the prior
knowledge studerts bring to ILS ectivity. This finding is consgent with Mayer and Gdlini
(1990) who found the cognitive conditions for effective illugtrations includes the sudents
prior knowledge.
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