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How can technology help more studenis 1o
appreciate the power, beauty and challenge of
algebra? Past isswes of Miomath have provided
many useful activites Envelving calculators,
LOGO, Derve and Excel. We woandered though,
whether rather than using the technology to
encourage studems o make sense of symbolism,
we could make the choice of an algebraic stcategy
more amractive, We worked with a Year 10 class
ilail had been taught much of the GCSE interme-
diate syllabus, but contained many who struggled
with algebra and seemed 1o see it as a pointless
ritual.

Balance [hzzles

R

The balance puzrles commonly found in KS3
testboaks o teach the idea of solving equations
by simplification provided a starting point.

Wwe noted that many children cope well with
these because they are readily accessible 1o infor-
mal strategies such as trial-and-error and cover-
ing-up. However, there are difliculics:

The balance metaphor cannot cope easily
with negative signs and negative solutions,

With physical balances, spontaneous use of
2 cancellation strategy rather than informal
sirategles has been found 1o be rare,

The idea that symbolism provides a useful
shorthand is easily frustraied by the need Lo
stick to standard conventions that avoid
confusion. The question
“Solve 2x + 4 = 107 elicited the response
x+d=zl-d=f+2=3"
from one studemnt,

For many children, the ldea that formal
OpCTations on equations ane a way of mak-
ing the problem easier is frankly laughable
because they know that the slightest ecror in
arithmetic, notation or procedure can render the
whale exercise fruitless and perhaps a liule scary,
. ing a letter as an object rather than as an
unknown — it is not the barrel that is abbre-
viated by the lenter bin 17 + b= 3+ 25, but the
barrel’s weighi. Letters are also used here as
unknowns, and not variables, which some

researchers have sugeested is oo limiting a way
10 siart algebra,

Research ias pointed to dangers in perceiv-
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W presented the class with a program than gen-
crated a series of balance puzzles, on the comput-
er, that only get harder when the sindenis can
solve them. Rebecca and Nicola, for example,
solved the fiest few with livde difficuliy until they
reached a puzzle with barrels and weights on
both sides. Faced with a picture showing 19%kg
and 4 barrels on one side. and 12kg and 5 barrels
o the other, they noticed a button on the screen
labelled ~Take off barrels”. They clicked on this,
and were given the prompt “How many bar-
rels?”. They decided to take off I barrel, and saw
ihat one barrel had been taken off each side.
They decided 1o take off 1 again, and then anoth-
er. Al this poimt {19kg and 1 barrel on one side,
and 12kg and 2 barrels on the pther) we cxpeci-
ed them w take off the final barrel. But they
didn't, Suart passed by and suggested taking off
the final barrel. “Yeah”, sald Rebecca 1o Nicola in
confident tones, “take off one barrel.”. There was
a pause, and then she asked Start, “What... bave
vou done this one before?”. But when she saw
the new picture (19kg on one side, 12kg and 1
barrel on the othery she exclaimed “Ah thar's
obvious now”, because it was now just like the
earlier pureles. Scon they were taking off the
barrels in one go (rather than singly). As in a



computer game, they were promoted up a level
and started to amass a score that they eagerly
compared with thelr friends’ scores.
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introduction of
s}rmboi ic hotation

As the puzzles got harder, they started wsing the

“=Take off weights” button to deal with larger
numbers, and the 7] key to deal with fractional
answers. The two “Take off” butons became a
single (2] button, and they quickly worked out
Bow to use it 10 subtract weights and barrels (e.g.
Z) 10 take off 3kg but 2] 3b to rake ofi 3 bar-
relsy. On promotion o the next level, they found
that the concrete, multi-coloured picrures had
been replaced by symbollc notation. Bar {rom
confusing them, they continued with their sim-
plification strategy and in fact were even quicker
than with the pictures because they no longer
had 1o count barrels,

Does this astonishing transfer {rom concrete to
symbolic hold good for those without prior alge-
braic experience? Evidence [rom trials of the pro-
gram suggest that even Year 6 children found the
jump from pictures to symbols perfectly natural,
and that they enjoyed the whaole experience.

F‘a adbacE on solution

_Pr'ﬂcessas

Mow that the balancing context had been com-
pletely left behind, negative signs and negative
splutions became possible. When equations sim-
plilied down to, say, 39 + 3k = 0. several students
commented that this doesn't make sense — even
though they are [amiliar with negative numbers
— and they then asked for help. It doesn't “make
sense”, of course, within the confines of the bal-
ance metaphor, in which b has to be positive. The
guestion is: how can one enkindle a questioning
of the limits of that metaphor? We found that
saying things like "Well, is there anything you
coteld do now?” or “Can you still take things off?”
encouraged them to subtract either 39 or 30 w
leave 3b = .39 or 39 = -3b, At this point they
were then often happy 1o enter a negatve

answer because (saying. e.g. “If the minus wasn't
there you'd do 3 into 39, so do 3 into -3%7).

Enabling such explorasion of algebraie form is, of
course, one of the educattonal advantages of this
software environment, as demonsiraied by the
following program log. in which the (2] bution is
uged:

A | Actign Resuting Equation Timelsh
22 = b o= -2+ b
i | Subtract 12 M - 14h = 24 + Ab &
2 | Subiract db 34 - 16h = 24 1]
3 |Add 2 0 = 1Bh = -0 11
4 (AKID 18h = 10 1}
5 |Guess-18710 14
B | Gsess 1/ -08 Comrect 9

Mote how the feedback to Action 1 allowed them
to debug their sirategy. Nicola said “You
should've plussed 12.". Rebecca isn't convinced,
but tries it anyway and the feedback convinces
her. The program logs then show a gradual con-
struction of strategic theories for dealing with
negative signs in equations.

with pencil-and-paper, students not only have 1o
choose the operations to perform, but they also
have 1o carry them out correctly. With this pro-
gram — rather prosaicaily named “EQUATIONT -
although the studemt chooses the operation to
perform, EQUATION executes it This means fiest-
ly that attention can be devoted 1o simplification
decisions, without waorrying about  arithmetic
and secondly that studens see the effect of an
operation instamtly, thus preventing pages and
pages of error-strewn workings. Rebecca and
Nicola secmed well aware that choosing an
unhelpful operation is not faal o the selugion
process, because the solution is unaffected. Of
course a degree of feedback can be provided by a
teacher, a wextbook or a fellow student. The com-
puter has the advantage of speed, which makes it
less likely that the student will lose the thread.
smudepts  therefore have the oppoertunity o
experiment with algebra, to try hunches and
make mistakes that do not lead o having to start
from the beginning. The evident satisfaction
derived from this suceess kept the whole class on
task for an hour's lesson.

At this point we raise two points. Fiestly, we felt
that Rebecca and Nicola needed more pracice in
equations with negative signs, 1o consolidate the
varety of possible permutations. Secondly the
transler from computer-based solution to pendl-



and-paper is non-trivial, and it would have been
a useful moment for Rebecca and Nicola 1o siarn
o try o solve equations withour the compuler,
perhaps checking thelr strategies using the com-
puter.  Professional  judgement is  therefore
required 1o decide, for the individual leamner,
whiat interventions might be appropriate.

“The opportunity +o
formulate equations
+6 aolve word pmjbIe_.ms

e

Now that the class could successfully solve simple
linear equations, could they wse their knowledge
to help solve word problems? The first word
problems they were given were simple descrip-
tions of balance pictures, and it took liztle rouble
for them to formulate an algebraic medel of the
sifuation. Using an equation was optional, and
saome students reveried to trial-and-improve-
ment, or even guessing blindly what operations
might be applied 10 the numbers given in the
question to get the right answer! But the next
level of modelling problems involved puzzles
with negatlve signs; the next invelved combining
raiios; and the final one required the use of
expressions: and the “Model” button came into
its own. The amazing thing was not so much that
students were able o formulate their own equa-
tions, but that once the equation appeared on the
SCTECT {simplified  into the  standard
ax + b = g + d form) swudents said things like
=ah, now I can do it!” and It easy now!”. In
other words, the equation had become for them
a powerful problem-solving wel which they were
confident about using.

1. The problem

15 presented,
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In retrospect, it would have been better 1o have
graduated the difficulty of the modelling puzzles
a linle more - being asked w find a guantity that
was no the obvious choice to be represcnted by
a letter {see above) was a bigger hurdie than we
anticipated. However, appropriate teacher inter-
vention would be able 1o deal with this,

Conclusion
e
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The year 10 class using EQUATION for 1wo
lessons  improved  significantly on & written
algebra tesi. However, the sofiware is cenainly
no panacea: there are problems for which i
helps, probiems for which it does not help. and
problems where the elfect is unclear. Moreover it
does not replace the need for activities involving
idemiiiies, wvariables, spreadshects or program-
ming - it leaves until later appreciation of algebra
as a language for expressing generalivy. Bul the
students clearly improved thelr equation-solving
skills; they showed an increased concern 1o use
algebraic siravegies; and they seemed to under-
stand the role of algebraic representation better.
Also, the objections that might be applied o the
use of a physical balance or a balance piclure in a
textbook do not apply to the balances in the
EQUATION.

We think that the reason why the software works
i thar it makes a simplification sirategy
attractive, it imroduces algebraic ideas gradually,
it gives instant feedback, and it provides a
purpose for standard algebraic representation
through situational problems. The best outcome,
though, is rthat everyone really enjoyed using
algebral The wuse of such an  inreractive,
game-like, computer-based balance model could
provide the key 1o unlock algebra for many stu-
denis.
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