Unpacking MaxBox

Tanct Arnfev and Nave Prati
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Take a piece of A4 paper, cut squares from its corners, and fold

Expenment with making other boxes, cutting out different sized
squares. Which box has the largest volume?
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wopic on pollution, which incuded looking
F s at waste and packaging, provided a good
oriunity 0 inireduce MaxBox o some

Year 7 and Year 5 children,

The children were larumate 1o have high levels of
access to computers, and were familiar with using a
spreadsieet 10 record data from practical activities.
We wanted te use this activity 10 focus their atten-
tion on wsing scatmergraphs as an analytic 1wool 10
help them with developing experimental work,
rather than just as a way of presenting resulis, We
intreduced the activity wsing an aclive graphing
approach, which we have described previousiy in
Micromatft [1).

The children were shown the basic design dor
producing boxes, and everyone made a box, not
worrying too much at this stage aboui particular
dimensions. There was then some discussion about
how much each box would hold, during which 1t
became cear that most of the children had had
some expericnce with vusing the formula length x
whidth x height o calculate volumes. As under-
standing volume wasn't the main objective of the
activity, we were happy o gloss over ihis, and
simply encourage the use of the formula,

Several opinions were expressed about the relative
valumes. Quite a number of children feit that since

they had ali used the same size paper 1w sian with,
the boxes would all have the same volume, One
group stacked some of the finished boxes inside
each other, and suggested that as the shallowest
i couwid “hoid’ all the others, it must be the big-
gesl, Others supported the meris of deeper boxes,
and quite a few were unwilling to express an
opnion!

Once everyone had agreed onm which measure-
ments were needed, and how o calculate the
volume, we introduced the layour for recording
their results on a spreadsheed.
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Normally, we are nol so prescriptive apd leave
children 1o design their own layouss, but on this
accasion we wanted them to be able to graph the
size of the sguare cui owi against the volume, and
that meant that they oceded w have this data in
adjacent columns. Several children were confidem
thar they could enter a formula for the volune, and
fll dewn the column, and they were given the
responsibiiity of helping anyone who gor stuck,

The children then got into groups, measured rheir
own boxes and entered the data, Once they had



four or fve boxes recorded, they were asked o
make a scatter graph, and then discuss what to do
next [2].
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Listening to these discussions, it became clear that
apinions about the relative volumes were changing.
Everyone now agreed that the volumes were nat all
the same?! The graphs produced by some of the
groups suggested that cutting out larger squares
would increase the volume; others were less clear
about the paticrn they could see. A few groups
were beginging to suspect that middle-sized squares
gave the biggest volumes. There was a lor of
discussion about what to do next.

Jenny's group
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Some of the graphs, like Jenny's shown above,
showed some anomalies: after some discussion, the
group decided that the two crosses vertically above
rach other both showed the data from boxes made
by cuiting out a 3 cm square, They realised that
they had two different sets of measurements for
boxes that should have been identical. They went

back to the spreadsheet, checked their measure-
ments and corrected their data, Then they decided
to make more boxes, using squares of between
3em and 6em o fill up the gap in their graph, and
alsp o try some larger squares. The girls i this
group enjoyed making the boxes, and worked very
carefully and accurately. Their next graph showed
the pattern of the results more clearly,
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They were impressed with the shape of the graph.
and decided 1o collect more resulis to ‘61 in" the
graph. The accuracy with which they made and
measured their boxes is impressive!
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Finally, we encouraged the girls 10 go back w0 the
original problem, and try o find the size of square
which gave the maximum volume, They realised
that the highest point of the graph would lier
between 4 cm and 5 cm, and they began homing



was a scatter graph.

like a hill, Look below,

a box was one with a 4 cm square.

When we had done a few boxes we made a graph out of them, the graph

We found that we had many gaps in their so we decided to fill them up.
There was already a definite pattern in where the x's were marked.
We put in a few more x's to fill up the gaps, the scatter graph looks now

: We found that the bigger and smaller sized squares did not have a big
| volume, but the middle sized ones were the tallest. Our biggest volume of
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in. cutting out squares of 4.5 cm and then 4.2 cm.
Their final report surms wp their ndings(see above),

Ruth’s group

Mot all groups found it as casy 1o produce accurate
resulis by making snd measurng boxes a5 lenny's
group did. Ruths group coliected data from five
boxes belore they drew their first graph, This did
not show a dear patterm and the group had enough
experience of reading graphs o realise that their
data was probably not very accurane,
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They wanted 10 produce a smoother curve, and
finally decided that perbaps they did not need 1o
aciually make more boxes. They measured the
length of the Ad paper to be 29.% cm, and drew a
diagram 1o help them work oul what the fength of
ihe box would be for various sized squares.
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They used a similar diagram for finding the widths,
and were struck by the patterns they could see in
the way the length and width decreased. They
emered some of this data into the spreadsheet, and



were pleased with the improvement in their graph,
Howewver, we wanted to push them a Liode furnher,
and suggested thar they should get the spreadsheet
to o the caleulations for them, Their method was:

start with 24.5, {the length of the paper) and take
away twice the siza of the square.

With some support, they were able to translate this

into formulag on the spreadsheer.
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Imicrestingly, they gor really stuck when we sug-
gested that they put a formula for the height of the
box 50 that they would only have 1o type in the size
of the square 10 get all the data. They clearly had
the idea that a formula had to do something 1o the
number: just copying it felt wrong.

Once they had their formulae in place, they filled
down the columns of the spreadsheet, and typed in
a range of sizes for the square, They wried various
small increments to try 1o produce a really smooth
curve on the graph, and put in some targer values
as well. They were surprised and impressed with
their fimal graph.
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Ruth's final graph
Michael’s group

Oiher groups also realised that they could harness
the power of the spreadsheet o tackle the problem
without having 0 make the boxes, Michael's group
moved quite quickly o using formulae: they knew
quite clearly what they wanted 1o do, and only
needed a livde help from us 1o ranslate this into a

form that the spreadsheet could understand. The
real stumbling block for them was that, untike the
previous group, they expressed their method by
starting with the size of the square:

double the size of the square, and then fake that
away from 285

The problem was that they couldn't type the
instruciion take that away from 295 inio the
spreadsheet, and it ook some tme for them to re-
formulare their method,

Once they had filled the formulae down the
columns they starred entering different numbers for
the size of the square. and were intriguned when
some of these gave zero or even negaiive values for
the volume of the box,
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Michael's gragh freem a misture of measuned and
calculated daty

Lism was able o explain the zero value for the
volume by saying that for thar box they would
have cut away two squares that met in the middle,
so there would be no widith left, Denise said that
they would just be folding the paper in half, so
there was no volurne at all. The negative values
were harder to explain, but the group realised tha
these were impossible boxes, since the two squares
that had to be cut away were larger than the whole
width of the paper,

The shape of this graph encouraged them o go on
aned wse the spreadsheet to produce more data, and
see what happened, By now they were happy to
wiork with the computer model they had ceated,
and werent thinking too much about the boxes. To
save time, they wsed a formula to increase the sie
of the square by 1 cm each time, and Giled down
more and more rows. The graph they produced was
another surprise,
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The immediate reaction was “Where has the hill
gone? As they explored and discussed this graph
they began 1o get a sense of how scale had affecred
s appearance, and they managed o pull it around
until the hill re-appeared. We talked to the group
abowt what they thought was happening, and what
migitt happen as the graph continued. They had
some ideas about the impossible boxes becoming
mare peculiar as the overlap between the squares
that got too big to cul oul increased, but it is hard
1o recapture them in coherent sentences, withaut
the eloguent hard movements that accompanied
the discussion. They thought that the graph might
have another curve i it later on, oF gé1 10 a cerlain
point and simply not get any higher, bt no one
suggested that it might just go on increasing. In
laet, they made several graphs on the way o this
one, extending the columns of the spreadsheel 1o
include more data each ume, but as they did this
the cifect of the sczles meant that the appearance
af the graph didn't change much, so the notion that
the graph might simply stop and not go any higher
was an understandable one.

Eventually, when they had gor over the excilement
of this graph, the group went back to the original

problem, and wsed their formulae, with a smaller
increment in the size of the square. 1o home in on
the oprmum value for the volume,
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Michaers gragih heming in on the bast valug

What did we find inside?

The three examples described here are svpical of
the range of responses across the two age groups:
Jenmy's group were average ability Year 7's, Ruth's
group bright Year 3%, and Michaei’s group some of
the maost abie in Year 7. One of the messages for us
from this experience was that there was linle
difference between Year 5 and Year 7 in the ways in
which children tackled the acivity. In general the
Year 5 children were more interested in actually
producing  finished boxes, but the numbers of
children in each lass who moved from a practical
to a theoretical approach were roughly equal, A
significanmt advantage of the approach we used was
thar all the growps were able to make progress with
the problem. Rather than using graphs only at the
end of the activity o present the resulis of the data
they had collected, we encouraged the children o
use graphs in an adie way, which we might
surmnmarise as follows.




Studying the graphs helped them o decide what o
do next; it gave a structure to their investigations,
and also showed up places where they needed 1o
check and correct results. This helped 1w keep up
the momentum of the activity without constant
teacher intervention.

Few {l any of the children guessed what the box
with the maximom velume would look like, so
there was a real purpose in reading and interpreting
the graphs. Most of their previous experience had
been with activities from which relationships could
be shown by a straight line on the graph, and we
were impressed by their ability w transfer this
experience to interpret the meaning of a curve,

We had hoped that some groups would get on o
using an algebraic formula to generate data, and we
looked for opportunities to introduce this possibil-
ity. These seemed to arise naturally in a number of
ways. For some groups, such as Michaels, ihe
incentive was being able 1o generate a lot of data
quickly. without the time needed 10 make boxes.
Ruth's growp was typical of a number who first
wanted a way of working eut resulis in arder to
check on the accuracy of their measuremenis, This
often arose when the graph showed one point that
was obviously out of the general partern, or two
different results from the same size square. Another
group looked for a way o caloulate the dimensions
of boxes insiead of making them when they
decided they needed to add dara abour extreme
cases. It proved 1 be diflicult to make a box
accurately by cutting out a 1 em o half om square,
bur by now they could work out what the length
and widih would be far particular cases. With some
support, and encouraged by what they had seen
ether groups producing, they were able to translate
their informa! method inte formulae on the
spreadshest.

We felt that the children's familiarity with the
language of the spreadsheet supported this move 1o
find, and then generalise, 2 method for calculating
the dimensions of the box. We had not anticipated
the difficulty many of them found in reconciling
their way of expressing such a method (e.g. double
the size of the square and take that from 29.%) and
the formal conventions of arithmetic notation, Heowever,
we were impressed by the way in which most
children were prepared 10 persevere in struggling to
get this right. Tentarively, we attribute this to their
ownership of the problem, and 1o the feedback they
were receiving from the computer. These are areas
we shall be exploring in greater depth in the future.

Many of the children focused on the appearance of
their graph, and really seemed to appreciae the
smooth curves thar eould be produced from
caleulated data. They were beginning o £et A sense
of the difference between measured data, which
would always give approximate results. and an
untidy graph, and the precsion of the data gener-
ated using formulae. Michael's group were happy
with their graph which was drawn from a
combination of these two sources, and could point
out which crosses represented real boxes which
they had measured. Other groups rejecied the
measured data altogether. Onee they had formulae
which worked, they wsed them to replace all their
previous resulrs,

Perhaps the most unexpected outcome for us was
the children’s fascination with extending their
graphs to beyond the range of boxes they could
acivally make, This was a real insight into the
power of a mathematical model, but also the dif-
ficulties of making sense of the results it may
produce. We end with an extract from our Geld
notes which gives some indication of how the
children tried 1o come (o terms with this, Rath and
Anthony are using formulae for the length and
width of the box, 1aking the length and widih of
the paper as 29.% om and 21 cm.

-+« they have been putting in mora values, and Futh came 1o find
e 42 tall e that they had put in 10.5 and gat the valume 0,
and then pet in 11 and got a negative welume, 1 asked tham why
this might hires happanad. Auth said, 5 you o1 out souares of
V05 It would just be Sl folding the papser in hall.” | sketchad
wilh M Tinges on tha paper ... and thay could see tat then
woald be no withh beciarse the two souares mat in the midde.
mm1mwmmmtmwmn.m
Couldn'T really cud i o, | would ovariag, Thens wouldn't ba
ansugh lett 10 cut the second square.’ | suggested it thine
WREN't just Nd with, Bul 055 than no widih - a negative width,
50 the wiuma was negativa, and thay were happy with this,
They then drew a graph, and Anthamy sald “Wow what a curval
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Janet Aintey and Dave Pratt work al Warwick Unbarsity.

Crur thanks go fo chiidren and teschins taking part in the
;:m—.erlup Project a1 Brookhurst Schoal in Learmingion

Ralwnonces

T Amndey & O. Pratt (1994) Runiway can, Morsmath 10,2, Summees
1508

2, The software wi weers wsing {Clasisorks) produces graghs with only
horizonital gina fned showing as fs dofawt, Though this can be changed.
Heswirenr, th childnen nevir axpresssd any Bifioulies about workng
with graphs. ceaw in this way.
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