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The ramge of mathematical puegses for which
computers and caleniaters can be vsed is now relas
tively well known, with the recent Matbematical
AsSOriationn repord on CoMmpiers in the Msthemadics
Curriewher providing  a partosiary  thorough
supvey, Here, my oofweerr will be wath 4 maore gen-
eral analysis of the ways in which computationass
1oy can be wsed inthe conrse of thinking, teaching
anei  learming:  in particulaz with o distinoibon
Detweerns theip uhe 2% Comvenienl acorsdrries, s
tially external 10 progesses of thinking, teaching
and learming  themselves, and wses in which
interaction with compuiational tools is central o
These PEeCesses,

Working implement, thinking
support, teaching aid

When reachers amd puopils it encoanter any
computatienal qond, ey largely assimilate i wse w
theiz tradigional pracives. For them, the ool




becomes a working implement used 0 CTY Ol
already familiar processes more rapidly and reliably.
Typically. for cxample, where previously they
would have used a mental or wrilten procedure o
calculate or graph, they mow use ils awtomatic
counterpart. Their wse of the ool remains tradi-
tional in the sense that their broader strategies for
tackling tasks remain essentially wnchanged: the
tool is skmply a convenient means of implementing
isolated processes within these strategies.

But working practices may change as teachers and
pupils accommodate the use of a computational
ool often in smalt ways inidally, but in ways on
which more substantial change may build later. in
effect, the role of the caltulator in solving
mathegnatical problems may shift from one in
which it is simply used to execute already
formulated processes, owards one In which it is
used more interactively 1o formulare as wedl as
execute processes, often creating novel mathe-
matical sirategies; in short, as a teinking support,
Equally, the role of the calculator in teaching math-
ematics may shift from one in which it is simply
used to provide information within an otherwise
unchanged teaching approach, 1w one in which
ideas are presented in novel ways in which
interaction with computational tocls bas become
central part: in short, as a teaching aid. It is this
transformational potential of computational tools
that T hope to flustrate in the Iollowing sections.

Carrying out and checking
calculations

I the dassroom, the caloulator Is widely used to
carey our calculations. It comes as no sarprise that,
psed in this way, it i5 an effective and reliable
working implement. BEvidence 1o this effect comes
from stedies of representative samples of pupils at
the end of primmary school, conducted by the
Assessment of Performance Unit. The avatlability of
a calcolator has & marked effect on the propornion
of pupils executing a calculation correaidy.

Maost teachers emphasise the importance of check-
ing caleulator answers: indeed, ofen much more so
than when pupils use less reliable mental and
written methods! Nonerheless this emphasts on
checking seems 1o have broader beneficial effecs.
Perhaps the most commonty taught sirategy or
checking a catculator answer is (o compare it with a
rough mental estimate. Another, rather less fre-
quently 1aught, is to reverse the cabculation on the
calculator, working hack from the answer 1owards

an original figure. These checking practices also
seera 10 be elfective, perhaps unintentionally, as
teaching aids. Again, findings by the Assessment of
Performance Unit, shown in the accompanying
tables, Hlustrare this.

1. 313 children are going on a coach trip.
Each coach can camy up 1o 42 passengers.
How many coaches are needed for the tip?
Belore you use the calculator 10 find the
answer, can you teli me about how many
coaches you think will be noeded for the
W?Mmﬂuumtmmam
ANSWET,

Response Caile used Caic not used
atschopl  at school

Torg 32% 18%

Other 6B8% 82%

2. How could you get back from {pupii
answer o 21x17=j o 217

Resporss Cale used Cale not used
at school &t school

38% 28%
82% T1%

Divide by 17
Other

Ty emaa o AP praciical s o Sk 13

The evidenoe in the table above compares parems
of response between pupils according to whether
or not they used a calculator at school. The results
sugpest thar experience of wsing a caleulater ks
associated with greater success both in estimation
and inversion. What we sec here is how a simple
refinement to the wse of the caloutator as 2 working
implement seems to have developed s potential as
& teaching aid. Availability of the calculator alone,
however, may not help pupils o carry out calcuta-
tions reliably, as the table below shows. Although
around 70% of pupils seem 1o have carried out an
appropriate division on the calculator, most have
nai been able 1o interpretr the result adequately in
erems of the original problem.



313 childrarn are going on & coach ip,
| pmseues. How mary coshee
| PASSENGETS. marny arg
| meeded for the trip? Beiore you use the
| calcuiator 1o find the answer, can you tell
me, about how many coaches you think
will be neaded for the trip?

Answer with calcuiator avaiable, foflowing
astimata.

Response Al responderis |
i B Fi !
| 74523808 49% '

7 13%

0.1341853 &%

Othar 25%

B o AP practcl et o gk 11

Interestingly, despite being asked 10 make an esti-
maite before calculating. there is no mention in the
APL repost of pupils building a calculation siraregy
on this estimate. Making a2 prior ¢timate can
develop into the mathematical sirategy of trial-and-
improve in which the estimare 5 progressively
refined as shown on ihe graphic caloculator screen
below, Such sirategles have been widely observed,
and are now recognised in  the  Mational
Curriculum, Here we see technology acting as a
thinking support, making a quite new calculation
strategy possible in which interaction with the
machine provides rapid feedback influencing the
development of the strategy.

-
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Analysing and presenting data
One of the most popular wses of calculators and
compauters is in analysing and presenting bodies of
data, ofien gathered in the course of surveys or
experiments carricd owt by pupils. Ahhough there
are imieresting accounis of such work and s
potential, and it is aow a requirement under the
National Curriculum, there i as yet no systematic
evidence abow its effeqs on pupils’ mathemaical
performance. For that reason, my discussion will
have 0 be more speculaive, reflecting my own
EXPEricnee.

Again, a compuiational ool (such as a calcularor,

or daiabase with graphing facilities) is
an effecrive working implement, making it possible
to organtse, present and analyse data quickly and
accurately. The ease with which the preseniation of
data can be modified using comparational tools
suppors new strategies for analysing data, The
graphs in the accompanying figures all relate o the
same dataser: the number of howurs of sunshine
reconded daily at a weather station in Shefficld over

a period of B4 days in summer.
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The figure opposite shows how popils might work
progressively 1owards the identification of a simple
summarising model for the data. (The graphic
calculator screen displays have beem annotated o
help interpretation. ) The first graph groups the data
in intervals of width § hour; the second graph in
intervals of 2 hours, Neither establishes any simple
trend i the datar the graphs ace ‘messy”. By
exploring the effects of varying interval width, it
proves possible to fnd a dearer summary modsl.
The third graph indicates that on roughly half the
days there were berween 0 and 5 hours of sun-
shine: on roughly one third of days, berween 5 and
tﬂhmus;mdmmuphij.*m:siﬂhﬂim
between 10 and 15 hours. This, then, i a simple
form of exploratory data analysis made possible by
use of the compatational tool as a thinking suppost,

Graphing and analysing expressions

There is already strong evidence from studies ae
upper secondary and tertiary levels that computa-
tonal tools which allow the graphing. tabulation
and analysis of algebraic expressions can supporn
inovalive teaching approaches with important
positive effects on pupils’ thinking and learning. As
yet. however, there is Hnle research at ecarbier
stages; consequently, my example shoutd be treated
as more speculative, although it reflects the kind of
approach which has been successfully adopted in
pllot studies, and is wholly consistern with the
cmphasis in the present National Curricolum on
the numeric and graphic aspects of algebra as well
a5 the symbalic,

For illustrative purposes, consider a simple matke-

matical problem: Whar is she
largest area that & rectangle with
a perimerer of 18 unils can
have? Taking the length of one
type of side as » units and the
otier as #-x uniits gives an area
expression of 9} square wnits,

A graphic calculator can be used
&5 a working implement, a5
shown below, 10 find where an

1 approprizie  maximum  oorurs

and to caloulate its value,

. SN i
: 4.499997581
x‘l. 499997581
Eftects of rvanading o dats nepre-aIon (9‘“ } 23‘ 25

Such use of the technology can also be developed
0 that it acs as a veaching aid. For example, the
ligare above shows what happens when the
sunshine data are rescaled by subtracting the
median vahee, Ar the top of the figure are the box
diagram and bar chant representarions of the origi-
mal data: imsnediately below, the
representations of the rescaled data. The offect o
the box diagram has been simply to shift it 1o the
tefr. Although the bar chart, oo, has been shifted 10
the fefr. the paitern of bar heights has also changed:
enoouraging us 1o ask whan exactly is going on
here: essenuially an effecr produced by changes in
the grouping of data items. This illustrates the
potential of computational tools to support teaching
approaches incorporating processes both of discov-
ety and conflic.

D2 mpoermaation of FACE"he Brma aaeasien

An alternative approach is shown in the figure
below. Here, the expression is graphed first, giving
some idea of how it varies over the appropriate
range. and indicating the approximate location of
the maximur. Then, by selecting a suitable menu
item, the user is 1aken through the following steps.
By manipulaling a cursor on the graph screen, you
are asked 10 choose the lower and upper bounds (in
this case, selected as the ends of the segment where
the maximum appears to occur), Next you are
prompted to move the cursor again to give an esti-
mate of the maximum position, Based on this
estimate, the caleulator makes an iterative search,
and returns  valee for the maximum, as shown in



al screen. Here technelogy s acting as a
18 support, with decsion making
place progressively in the light of cuees and evidenoe
offered by the machine,
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Equaily, the graphic caloslator can be used as 2
teaching aid in relaton o this sitsation. as ~.I||:--.'.J'|
in the .,I'-l  Barst, the process of iracp B :
the grapiy of the expression can be osed 1o canvey
the way in which its vatue is w arying, and indeed as
a stmple method of jocating the maximum, Second,
ul':-l.'-'lr"""l:-kll.!., tine L E ool the expresiions for the
two reciangle lengrhs makes it possible 1o highiigh:
tive -.'l.'_.:llll.=-l"‘-"l.2l |.:-|.‘-.'.'.-|.-: n the i""IHIIIIi'Ii‘ of the Imaxi=
fitizin the position  at iengtl

ang 'u'\rl";iL._ he

ime equal vadues, Fioally, the
IJ:.-'J'I-CIIIHI_ COVATLATION OF te (hree o Xpressions can be

CXPTCessions

ilfustrated in numeric terms by ste pping through a
iable of their valpes. s interpiay  between
dynamic graphic and aumeric mepreseniations of a
sitwaticn is one key cement of the use of commputa-
tienal rools as teaching aids,
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Conclusion

These examples have been choser from differen
areas of mathematics o show how the Pt
ionad tooks provided ]'1. catculators and k.'||||:-|||-: r=
care e wsed ol g

CONVETLenT  aceeds
praceices within school mathematics: by
can become ceniral components within  novel
approaches o thinking and teaching, i which
interaction with the cempuiational took is the Key
W its wse as a thinking support and a teac i,
It i= imporas: thai radicai wses of
computational tecls should now be evaluated,
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