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also able thus to conceptualise and articulate their
work, They spoke, for example, of having 1o "con-
nect the shapes mathematically’. Introducing such
condepts explicitly with appropriate language was
worthwhile: given more time, we would spend
longer on this introduction and  estrate the
words spoken with dynamic computer images.

We then set the first task. We showed them the
kaleidoscope image on the OHP and invited them
to explore making such a construction of their
own. We were using Geomerry Inventor and we
drew their atention expliciily 1o the point men,
the polygon menw and ihe transformation menu.

In an important sense, the mathematics involved
was not rew to the students

The actual work we did at [the University]
wasn’l very different from the normal work
wier o . We did use more sophistcated
cquipment bt the basic work was almose the
SaTe

Matthew

but many reported experrencing it as different.

I learnn about maths of how you can use a
computer to solve problems that you can’t do
in your head or using pen and paper

Joseph

[Ir] differed from what we do at school
because the mathematics that we usually do at
school contains mostly numbers
Zoe

ool e undversity we looked at shapes, pat
terns and lines whereas at schoal we terd 1o
mostlydo sums and cquations, g irigoneme
ey, algebra, e,

Patrick

However, their f{amiliarity with the formal
mathematical content addressed by the activity
provided an environment within which they
could confidemly come to terms with the soli-
wire. We asked them 1o print out some image(s)
which pleased them and o take them back W
school where they would write a litfle about what
they had done and what they had learned. This
miaterial was brougnt back on the next visit and
incorporared during the afterncon into a class dis-
play at the head of the stairs, Response o this was
prediciably gratifying but a number reporied on

the liberation of not having to write everything
down but instead being required o discuss, to
invoke memory, (o create and manipulate
images.

I learmu abowt the University that they discuss
things more than writing things down
Joseph

In school we do &l our work on paper
Roger

.o 1he work thay we did involved more think
ing and remembering what we had done, at
school we usually write down everything that
we learn or have learnt in the past

Zoe

The wark we did there was quite challenging
and I enjoyed i a lot, | enjoved puzzling
things out and wrying my ideas. I also enjoyed
being pant of the ‘group’ and knowing that I
wias there 1o not just work on my own but 1o
waork with someone who I could talk to, waork
with and relate to, It also feli good o be able
10 talk to other people about my work ...
Joanne

I aise learnt that maths isn't just writing, there

are loss of practical ihings you can do ..,
Parrick

.« bl the best thing was that we didn’t have
1o da a lot of writing!
Matthew

These responses were thoughn provoking for us
Studies have shown' that studems from waorking
clags schools spend a significantly greater amaount
of dme than other students writing, The
approaches to learning mathematics that the sta-
dents had described and valued had been an
important part of 1he way Mark bad teied o
work with this class. Nevertheless, the unspoken
realitics and culiure of school life nudged him in
the direction of “write & down”. When reflecting
omn this Mark identified a strong fear that, if there
is not a written record of work done, then the
work will be less valid, He also recognised how
this displays a lack of confidence that students
will really learn more through discussion: they
had better have a written record w0 help them
‘revise” in ¢ase 1he content is not learne, Is ic the
case that when using IT we feel more comfort-
able with the lack of “writing down'? Perhaps we



feel that solutions to problems that our students
type. construct or that simply appear on the
sereen do not need a permanent record?

we wonder if the current emphasis in the
Naticnal Currleulum on teachers’ record keeping.
evidence, inspection and resting is a pressure
away [rom the oral and group work these
students so enjoyed. When we want students 1o
engage with mathematical thinking and its
reporting, perhaps we should more often say ‘be
prepared to talk about it". 1t is ironic that the stu-
dems who were critical of their wsual diet of
“writing things down’ were much more enthusi-
astic when writing their own record of the visis:
here the process of writing was a creative
individual act.

As the siudents noted, the mathematics on the
second visit was much more demanding. We
showed, again on the OHE the figure of two
intersecting cirdes and wriangle® and asked them
10 comstr? the figure so that it did not come apart
when they dragged it about. As expected. this
was challenging for all the students. We had a
number of teacher education students in the
classreom who had not worked on this problem
before and were not themselves particularly
lamiliar with the software but without their sup-
port the sesston might have foundered. However,
rone of the pairs of students was completely lost
and several worked through to a solution, The
activity appeared to be engaging and to provoke
mathematical discussion, argument and reflec-
tion. Hilary visited the school after this session
and spoke with a group of four students about
their experiences.

Lucy The frst time we did i, i1 didn’e
stay did it? You could drag it and it would
make all different wriangles, it would make
iznsceles and sveryihing bur then, what did
we do? We thought it had 1o be at the middle,
on the middle of the other so when we'd done
that it were all right.

Peter we did the same as them and it all
fell 1o bits [laughs]

Lucy [laughs] That's what we did first
time

Peter And then we couldn’t work oun

how to do it so we asked them and they
shiowed us how o do it

Lucy we showed them that the point
had to be the middle with the same radius and
then the other point had 10 be the other radivs

Hilary Why do you get an equilareral i
angle when you do that?

Lucy Eecause it’s the radius and they've
all got the same, it's the radius

Those who found a solution were asked il they
could prove that the triangle must be equilateral.
We asked, "How can you successfully argoe thar it
must be what you say i is?". We pointed out that
the position, orientation and size of the construc-
ticn could be varied by dragging but that chosen
mathematical construction of “equilateralness’
remained unchanged. Then we asked, “Could
they build an isosceles triangle? Or a right angle
triangle?®

A variety of ideas were tried but time constraints
meant that many were interrupted belore they
came to Fuition, Lucy and Tina had decided to
approach the isosceles triangle problem by draw-
ing a pair of circles not constrained to be the
samne size. They recollected,

Tina We had o make the dircle wider,
like there had to be a biggrer space like .
Lucy ... one girgle were bigger weren't
it, one circle were bigger than the other one

Do you know why bt umed out 1o
be an isosceles triangle? Why wasn’t it just any
old triangle?

Lucy ... because these two are the same
distance because they are both going from the
middle so they are the same distance aparnt
Peter It's the radias

Peter and Darren described having tried a differ-
ent approach. Talking about it afterwards, they
were able 1o draw on an idea that had come up
later in the session. even though the vocabulary
escaped them, the idea of the perpendicular
bisector of a line,

Darrenn  We tried using just one cirde
instead of two ... what we was trying to do
was seeing if we could make an isosceles
triangle by, we drew a circle then we put two
points down near the bottom equally apart
from each other and then put another point at



the tap above the points and then conneced
the lines together but it fell apan, Perhaps we
could have tried it like them.

Hilary  Let's stick with your idea for a
maoment. If you draw these two poinis and
join them up, where has this peint got 1o be?

Darren  Directly in the middle of the other
two
Hilary S0 how could vou de ig?

Lucy Oh that other thing the, the those
lines, oh oh {sketching in the air}

Peter That line point connected oh oh
{nodding)
Hilary  I'll tell you the name “cos it's the

first lime vou'd ever heard ix s called a per
pendicular bisecior

Peter ¥eah!

Lucy Thart's ir!

Hilary Why would thar wark?

Lucy “Cas you could fix it directly at the

poimt {points to line crossing circle) and then
spread it wp o wherever you wanted it
Peter Yeah!

Darren  We could have done with knowing
abwut that perpendicular bisecior carlier!

Hilary had introduced the whele group o the
construction of a perpendicular bisector ar the
end of the wangle acivity, suggesting that they
might want to make use of this construction in
altempting the next task. With hindsight and
with more time available, it would have been
usetul for the students wo return (o the angle
task afier some group discussion both about pos-
sible stranegies and about relevant construcions,

We started the second half of the alternoon away
Irom the computers. The students sat in groups
around wables on which there was a supply of tis-
suc paper circles, geostrips, plain paper, pencils
and pairs of compasses. The studems were asked
to use the materials in any way they chose o
miake a squarc. Various ideas emerged and Hilary

asked several of the students o share their results
with the class, As they did so, she asked the class
to consider what property of the sguare the
particular solutton was exploiting. Sugpestlons
included wsing geosirips, which drew on the
properties of four sides the same lengih and one
right angle, and a variety ol ways of folding the
arcles. For example, Darren used two paper
circles folded idemwically and then brought
terether.

Darren  What I.did with the paper dssue, 1
made a square aut of it, [ folded it in half and
then 1 folded it into quarters, then put the two
rounded edges together and it made a square.

When Darren explained why this had produced a
square, he drew attention first 1o the pair of
opposile right angles which had been generated,
then to the way in which these had been brought
together 1o produce two more right angles and
Gnally to the fact that, because the crcles were
the same size, the resulting sides were each half
the diameter and therefore the same as each
other. Tina had, used a different series of folds,
exploiting different properiies of a square.

Tina I folded it in four and then again
and just lolded it siraight on the diagonals ... [
lodded it and then folded it again and then the
edges of the diagonals gave me the corners to
fold on

The siwdents were then invited to return 1o the
computer room and choose any palygon they
liked w construct. Unforiunately, there was not
enough sime for this work to develop satislaciori-
ly but all the pairs set to work with a will and
had no difficuliy in sening themselves a task and
beginning to tackle ir. Naturally, this is substan-
tially as a result of patterns of working which
Mark had set up working with the group over
time. Nevertheless, we also felt that the dynamie
geometry environment had been mativating and
had encouraged them to think and 1o discuss
mathematically,

Afterwards Mark asked the students what they
had liked about the visits, what. if anything, they
had lound different and what they feli they had
learned, All but one of the students were very
positive and their comments ranged over a wide
variety of subjects, They had definitely appreciar-
ed the opportunity to work with computers,



Kaleidoscopes

This kalaidoseops wir made by rotating o rangle

arsund @ point.
Dresign an interessing kaleidescope of your awn.

Miake the kabsidoscops move by draggng your
origmal shope.

Y¥ou con drag ane of the comers of tha camplete shape.

You can ale drag the central paint,

You might get soma fere inferesting resubts i you use
raflachion and enbargement o woll 08 robation.

Froem Drymsarnic. Geomiatry, NCET.

[ liked it because we don't do owt like this at
schen] L, We don't like usually get any
caltware, we have to do it from books arsd
drawing things

Tina

Some specifically commented on-how this had
made the mathematieal experdence different.

[ liked doing them circles best, the ones with
the triangle. we thought about frying to doa
scalene triangle but we didn't have the time.
We thoughi that were good when we were
trying to work out about why it did that {the
equilateral triangle) ... it took us more tihan
once to tey and waork oul the first 0me arud
then onee we'd got that we could like go onta
other things ... | liked it because we had to
experiment ... if Thave to do it on paper 1"l
try and avoid exporiimenting

Lucy

It took @ little getiing used to the program
becanse the thing is we've never used
anything like that before ... I've wsed drawing
packages before but with this yvou had to firnd
the rmathematical connection between the
shapes and it made me think a lot more kot
hiow shapes had an effect on maths

Peter

Finally, there seemed some evidence that both
the University experictice and the dynamic
gevmetry environment had provided some of the
*hinge moments of learning” tha Mark had sct
out b provoke.

It rakes youl look at [maths] a different way
Peter

[ aleo learnt a lor about myself. | leamnt that |
can work with a pamner and in groups to
solve problems, and I can work oft a pusie
wneil it Is solved, correcting any mistakes [
make and learning from thent.

Matihew

And Mark's response to his students WTIling
about their work <hows that perhaps it was a
hinge moment for him as well.

Visits to the Maths Education Centre

Thank you for your picce of writing aboul your
work at the university. 1 asked you to write apouil
your expectations before we went, aboul your



impressions amnd about what you thought you
had learnt. These are my thoughts on the visins,

[ organised the visits for three reasons, Firstly, |
wanted you to experience the atmosphere of a
untversity so that you could make an informed
choice in the future about whether you mighi
lixe to go to one, Secondlhy. 1 wanted o give vou
the chance to explore mathematics in a differens
environment and in a different way. Becanse of
the pressure of time, dass sives and lack of
resources, often as a ciass T have not been able o
waork with you in the way @ would most like,
Ideally T think you should be able to explore and
dizcuss your mathematics in a more open way.
Thirdly, T think the most memorable dmes at
school are when vou Booon visits or are doing
something wnwsual, You can learn more, particu-
larly about yourself, when you do something
new Or Tor the frst dme.

I was very proud of the way you worked on the
iwo visits and of the display that vou produced,
The workers at the centre made very positive
comments about you,

I learnt a lot during the two visits and from the
written work thar you produced afterwarnds, It
has chamged the way 1 teach in number of ways,
You found the reality of the university atmos-
phere very different from what you expected:
this reminded me of the culiural diflerences
between students and teachers in schools,

I found thar the geometry package could be a
very powerful ool for fearning, And T was
reminded of how imporant it s w le1 you iy
and soive problems for yvourselves ratber than
simply telling vou how to do something,

Flark Boylan worked ar Chau
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