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DISCUSSION AND DEVELOPING MENTAL STRATEGIES WHEN
SOLVING COMPUTER GENERATED PROBLEMS
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University of Newcastle

One of the central ideas of Realistic Mathematics Education (RME) is that children
develop mathematical knowledge and understanding by comparing their own
solutions to problems, with those of other children. The Dutch software, which was
used in this study, allowed children to work in pairs and use a variety of mental
strategies to solve simple problems. Children were encouraged to explain their
strategies whilst working at the computer, and during a teacher-led group discussion.
This paper reports on the observed variety of solution strategies and the extent to
which children adopted and developed their solution strategies following the group
discussion.

INTRODUCTION

Treasure Island is a Dutch computer program, which supports the Wis en Reken
textbooks used in schools throughout the Netherlands. It is intended for use during the
first months of Groep 4 (Year 3) to prepare the children for the introduction of the
empty number line as a tool for addition and subtraction.

Treasure Island provides the realistic context for a series of number line problems
children have to solve. Zilt the pirate buried his treasure on the island and has returned
to dig it up.

Figure 1 : Screen View of Treasure Island

A clue tells the children how many feet from the
rock Zilt buried the treasure and must now walk
along the line to find it. The end of the line is

i labelled and whilst the length of the line varies
from one problem to the next, it is always a

{ multiple of 10, with a maximum length of 100.
The children use the mouse to click the point on
the number line that they think the treasure is
buried.

RELATED RESEARCH

From earlier observations of Dutch children'tackling the Freasure Islandvprohlems,
Galen (1997) identified a variety of solution strategies and defined each one as
follows:

Counting: The pupil points at the screen, making the steps the pirate should take,
counting one, two, three, four...and so on. Sometimes pupils count backwards from
the number given on the right hand side of the screen.
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Previous Problem: Sometimes the pupils erroneously use the previous problem. They
say, this was 28 the other time, so this must be 29, but overlook the fact that the
previous line may have been shorter or longer.

Jumps of ten: The children use their fingers, or visually estimate jumps of ten and
jumps of one, 10, 20...21,22,23. Sometimes jumps of ten are made backwards.

Halving: The child calculates which number belongs to the middle of the line and
reasons from there. Sometimes children also calculate half of the remaining distance.
A key finding of Galen’s (1997) research was that class discussion had “a dramatic
effect on the choice of solution methods”.
Discussion about the Treasure Island problems can be stimulated in two ways;

e Children working at the computer in pairs

e Teacher-led, whole class discussion
A central idea of RME is that by talking about the problems, the children become
more aware of the mental calculation strategies they are using to tackle the problems
(Treffers and Beishuizen, 1999). Galen (1997) argued that children will certainly
discover a solution strategy to the Treasure Island Problems and it is likely that they
will stick to that approach. Organising children to work in pairs and teacher-led class
discussions are necessary to allow children to see that other strategies are also
possible.

RESEARCH QUESTIONS
A small-scale experiment to investigate the impact of a group discussion on the
strategies children adopted to solve the realistic computer problems of the Treasure

Island Program, was conducted with 18 children at an English Primary School. The
research questions were:

e Will overall performance improve following group discussion about solution
strategies?

e Will children adopt new solution strategies following group discussion?

METHODOLOGY

The small-scale experiment undertaken was similar to that outlined by Galen (1997) in
his article “Computer Tasks and Class Discussion”. The version of Treasure Island
where the length of the line was always a multiple of ten was used. Six pupils from
Year 2, six pupils from Year 3 and six pupils from Year 4; were selected and
organised into similar ability pairings.

In an introductory session with the whole group, the children were told the story of
Zilt the pirate. They then had the opportunity to work in pairs on the computer to solve
ten Treasure Island problems. In the second session, the teacher led a group discussion
about the solution strategies children had used during their first sessions on the
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computer. Each pair had an opportunity to explain how they had tackled specific
problems. A common vocabulary was developed to describe each of the spontaneous
strategies the children had used. In the third and final session, the children had another
opportunity to work in their pairs to solve ten further problems. Throughout the
experiment children were encouraged to explain and discuss how they were solving
each problem.

As in Galen’s (1997) experiment, children’s performance was measured by using data,
which was registered by the computer. All sessions on the computer were videoed and
the recording was used to categorise which strategies children were using to solve
each problem. In addition to the solution strategies identified by Galen, (1997) the
children were observed to use two further strategies:

Near: the children explicitly used the numbers at either end of the line to make a
judgement about which the treasure will be nearest to

Reasoning: the children related known number facts to the problems.

Each of the observed solution strategies involved children working at a different
mental level. Halving is the most efficient mental strategy for solving the Treasure
Island problems whilst counting in ones is arguably the least efficient strategy.

RESULTS - DATA REGISTERED BY THE COMPUTER

Data registered by the computer was used to measure overall performance of the
sample as a whole and of individual pairs, before and after the group discussion. If
group discussion about solution strategies is so important, it was expected that overall
performance would improve in the second computer session.

Distance between the First Attempt and the Treasure

The children rarely found the treasure at their first attempt. The distance between the
spot first chosen and the correct spot was expressed as a percentage of the total line
length. This percentage was only calculated for the first attempt children made at
solving each problem; when the line was empty.

The average distance of the first attempt from the treasure across the whole sample
was calculated to be 11.7% for the first session and 10.6% for the second session.
This reduction in the average distance of first attempt from treasure correlates directly
with an improvement in accuracy of children’s first attempts and indicates an overall
improvement in performance during the second session.

Figure 2: Average Distance of First Attempt From Treasure

Figure 2: Average Distance of First- Figure 2 illustrates the average distance of
Attempt From Treasure: (Pairs) | the first attempt from treasure for each

" individual pairing. With the exception of

SS and JJ, the average distance of the first

, || guess from the treasure for all other pairs

—! #2401 of children reduced in the second session
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Number of attempts

The number of attempts that children needed to find the correct spot was used as a
second indication of performance. The average number of attempts taken by the whole
sample to solve the first set of problems was 3.84. This value reduced to 3.09 for the
second session. Such a reduction in the number of attempts indicates a very slight
overall improvement in performance, during the second session.

bngurc 3: Average Number of Attempts

Flgure 3: Average Number of At!empts
(Pairs)

’ Figure 3 illustrates the average number of
| attempts each pair made to solve the

! Treasure Island problems in the first and
second computer sessions. With the

|| exception of JJ, the average number of
%)l attempts for each pairing reduced
following the group discussion.

CT RR JD S8S GS TP AL JJ WR

ii) OBSERVATION OF SOLUTION STRATEGIES
A video recording of the computer sessions was used Lo categorise the solution
strategies children adopted in their first attempt to solve of each probh.m The solution

strategies were categorised as bemg, unknown counting, near, jumping, reasoning or
halving.

Figure 4: Solution Strategies

Figure 4 illustrates the solution strategies
adopted during the first and second
anat | computer sessions. It is evident that children
mReason || were making their solution strategies much
‘:““"‘P more explicit during the second session.
There was also an increase in the observed

|| useof nalving, reasoning, jumping and near

strategies.

1st 2nd \D Unknown

From observations of individual pairs, it was apparent that there was a shift in how
children were solving the Treasure Islands following the group discussion. Two out of
the nine pairs spontaneously used the higher order solution strategies of reasoning and
halving during the first computer session and continued to do so in the second session.
However, six out of nine pairs adopted a new, more efficient solution strategy
following the group discussion. Only one out of the nine pairs continued to use naive
solution strategies throughout the experiment. Interestingly, it was the least able Year
4 pairing that did not adopt a more efficient mental strategy following the group
discussion. Whilst their overall performance did improve, they continued to use the
naive strategies of counting and near throughout the experiment.
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DISCUSSION

Most of the computer programs for mathematics in primary schools let children
practice skills, but not many offer children the opportunity to discuss and develop a
variety of mental strategies in order to solve a problem.

Treasure Island has been designed as a program that does not prescribe how to solve
the task of finding a certain number on an empty number line. Such an open program
however needs to be accompanied by activities that stimulate children to reflect on
their solution strategies and methods.

In both this, and Galen’s (1997) experiment we:
e Ensured children worked in pairs to promote discussion

e Held a teacher-led group discussion to compare and discuss solution strategies
to particular problems

e Gave children a second opportunity to do the computer task and an opportunity
to experiment with solution methods they had not used before

The results of both experiments suggest that this organisation does lead to discussion
of strategies and that children adapt and develop their mental strategies as a result of
that discussion.
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