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CHAPTER 6

John's access to Pythagoras’ theorem:
inclusion and entitlement in action

MIKE OLLERTON

Some students in mainstream secondary schools do not have opportunities to learn
certain mathematical concepts, typically trigonometry and Pythagoras’ theorem. Such
academic exclusion is often contrived as a result of organisational structures within
schools and of decisions taken, based upon assessment of studerits” past performance,
not to teach certain concepts because assumptions are made that some students are
unlikely to understand more complex concepts.

In this chapter I argue that it is both feasible and ethically desirable to direct all
students onto conceptual ‘pathways’ to enable access to the whole of the mathematics
curriculum, as defined by the National Curriculum. Inclusion to the curriculum is each
student’s entitlement, irrespective of race, class, gender or the group they are taught in.
I draw upon one Year 10 student’s written work to exemplify how progress towards a
conceptual understanding of Pythagoras’ theorem is within the grasp of nearly all.
John, in this chapter, had a statement of special educational need which, at the time,
was described as ‘moderate learning difficulty’.

Planning for access and differentiated outcomes

The depth to which any student makes sense of concepts is dependent upon a variety
of factors, some of which are likely to be outside individual teacher’s sphere of
influence and immediate responsibility (truancy, social difficulties, etc.). I am interested
in exploring what, as a teacher, I can have responsibility for, in particular short- and
medium-term lesson planning which takes account of students’ inevitably different
learning. This, in combination with realistic expectations that all students can achieve
some level of understanding of more complex concepts, forms the basis of my belief
that all students can be provided with opportunities to access the entire statutory
school curriculum.

When making medium-term plans for groups of lessons leading to students
developing their understanding of any concept, it is important to consider what
underpinning knowledge students will need to work from. For Pythagoras’ theorem,
being able to count or work out an area of shape and knowing what a right-angled
triangle looks like are both useful, and students will have engaged with such ideas
frequently in the past. There are other desirable, generic qualities for students to
develop, such as being confident to ‘have a go’ and not being afraid of being ‘stuck’.
Mathematical qualities would include knowing how to explore ideas and problems,
searching for pattern and looking for connections . . . and being willing to do so.
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Expecting students to explore ideas is a key principle in my teaching. My starting
point for the first in a group of lessons about Pythagoras’ theorem is to:

e draw some ‘slanted’ lines on a square grid

¢ define each line as a vector

e draw a square on each vector

e count the area of each square

e look for a connection between the values that define the vector and the area of the
resulting square.

How I set up this sequence of tasks, how didactic I choose to be, whether I use pegs
and pegboards and ask students to play a ‘game’ of 4-in-a-square (see below), whether I
encourage discussion groups or ask students to work in pairs are all professional
lesson-planning decisions I must take.

4-in-a-square is a game played by pairs of students. Each has pegs of one colour and
they take turns to place their pegs in a square-grid pegboard. When one person has
placed four pegs on the vertices of a square of any orientation, the ‘game’ is
finished. These four points are then recorded on square grid paper. One side of the
square can be recorded in vector notation and the area of the resulting square
calculated.

Because John was taught mathematics in a non-setted group, I was aware that he and
others might require specific attention once the class had begun to engage with the
tasks described. However, this was no different to needing to give my attention to
other stronger mathematicians at different times during the sequence of lessons over
the following two or three weeks. What I wanted was for John to be able to make a
start. Once he had the confidence to do so I knew, from past experience, that he would
develop his work accordingly with determination and endeavour.

Planning a range of extension tasks was fundamental. I would suggest these to
different students as they demonstrated their understanding that the area of the square
could be calculated by squaring the values for the horizontal and vertical components
of the initial vector and adding these together. This is essentially how Pythagoras’
theorem works.

Extension tasks were as follows:

a. Calculate the length of the vector once we knew the area of the square so formed.

b. Transform each vector into a right-angled triangle
Through individual and small group discussion I gave students input on how the
vector could be seen as the hypotenuse of a right-angled triangle. I wished students
to make the significant connection between the area of the slanted square and the
area of the square on the hypotenuse of a right-angled triangle; similarly, that
squaring the values of the components of the vector was equivalent to drawing
squares on the other two sides of the right-angled triangle.

c. Develop ideas of finding a square root.

d. Draw some life-size, right-angled triangles on a square grid and using what
students had learnt to calculate the length of the hypotenuse.
At various points in lessons I would have a didactic conversation with students and
tell them the relevant vocabulary.
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e. Draw some life-size, right-angled triangles on plain paper, measure the lengths of
the two shorter sides and using this information to calculate the length of the
hypotenuse.

Students would work with values that were not whole numbers and check that the
calculator answer was the same as the measured length of the hypotenuse (to the
nearest millimetre).

f. Write a short program on a graphical calculator that carried out Pythagoras’
procedure.

Groups of students were taught how to write simple programs on graphical
calculators in Year 7 and developed this skill to write more complicated programs in
Years 8 and 9.

g. Calculate one of the shorter sides of a right-angled triangle given the lengths of the
other two sides.

h. Solve problems in 3-D, such as calculating the length of the 3-D diagonal in a cuboid.

John's write-up on Pythagoras’ theorem

All students were asked to produce a written record of the work they had done and what
they had understood. Students either wrote up as they went along or carried out this
task at home. Sometimes specific lessons were used for students to write up their work.

I had suggested to John that he might begin by drawing vectors which all had a
vertical component of 1, and the first two pages of his write-up contained nine such
diagrams showing how he had calculated the area of each. He produced a table of
results as follows:

v A
o 82
. 17
. 26
Ty
| 6
& 37
—
. 50

John added the following commentary (original spelling):

Wot this graf (table) shows is the arur veturs and the pattern is if you X2 9 [square 9] then
+ 1 =82 and It dus that all the way thaw (down).

My next conversation with John was to suggest he draw some different vectors and
squares so that neither component was 1. He proceeded to produce a second set of
diagrams and a table of results as follows:
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\"/ A
(D

2 | 20 4x4=16+4

5

5 29 5x5=25+4

=

5 40 6x6=36+4
e B

2 | B3 7x7=49+4
T e T

2 68 8x8=64+14

9

2 85 9x9=81+4

John had written a calculation next to each line showing a pattern emerging. There is
clearly much repetition here and he was effectively practising and consolidating his
knowledge of vectors and calculating areas of squares. A key learning objective was
that John was in control of how much information he produced and, therefore, how
many examples he needed to do in order to see a pattern emerging. There are
important issues here about choice and about students determining for themselves how
many calculations they need to do in order to make sense of the mathematics. This is
different from the teacher making such decisions on behalf of students. Although the
calculations in the third column of the table are not ‘mathematically’ correct because he
has misused the equals sign, I was confident that John knew the connection between
the values for each vector and the area of each square. As a consequence of
conversations with John I gained a much wider perspective on his achievement and
believed he gained a deeper understanding than the result of any test could reveal.
John's write-up totalled eight pages and he developed his work as far as the fourth
extension task above.

Access and inclusion: teaching SEN-statemented students in a
mainstream, non-setted group

The curriculum was structured upon accessible starting points with ranges of planned
extension tasks. All students were provided with the same starting points for every
module of work. Through such a structure John had opportunities to demonstrate what
he could do and, like other students, had opportunities to develop his understanding
of mathematical concepts commensurate with his work rate, drive, interest, cognitive
aptitude and all other qualities which are often construed as constituting ‘ability’.

One outcome of John having a statement of special educational need was for him to
be withdrawn from certain lessons and taught in a small group of students in a support
unit. In some subjects John was placed in ‘bottom’ sets; as such he was not in a position
to access some areas of the curriculum, irrespective of whether he would have been
capable of doing so. John was not withdrawn from mathematics although on some
occasions he had in-class teacher support. Teaching John in a non-setted group was a
pleasure, this despite or perhaps because of the difficulties he had with mathematics.
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He set a tremendous example to his peers, frequently demonstrating positive attitudes
to his work. As his teacher I constructed a wider range of strategies to help him learn
mathematics; in this way John helped me become more effective for all students.

Neither John nor his classmates were unaware that he found mathematics difficult.
However, he rarely appeared daunted by his more mathematically capable and
competent peers or by the fact that some usually worked on more complex ideas.

John just “got on’” with the work he could do and learnt that asking for help was more
important than struggling in silence. Because different students required different
amounts of input at different times, situations frequently emerged where students who
knew the connection took responsibility for explaining what they knew to other
students. In this way there were occasions when there was more than one ‘teacher’

in the room. All these elements — students being encouraged to work at levels
commensurate with their current levels of understanding, students deciding when and
from whom they might gain help, and students being encouraged to help each other —
were part of the atmosphere and the culture of the classroom (Ollerton and Watson,
2001, p. 13).

I could anticipate that John would not necessarily engage with concepts to the same
depth or at the same level of complexity as some of his classmates. However, this did
not mean having low expectations and therefore deciding in advance not to offer him
exactly the same starting points to modules as everyone else. I expected he would work
on a common set of mathematical concepts and study them to a depth commensurate
with his capability.

One of the key features of the classroom was the absence of a single “pace’ or ‘level’
at which individuals worked. Nor were there ‘top’, ‘middle’ and ‘bottom” levels and
paces of work rate; there existed as many levels of response to tasks offered as there
were students in the class. An important part of the culture of the classroom was that
students took responsibility for the complexity to which they developed any task.
Students understood that they were the ones who had to do the learning and that I
could not do this learning for them. Some students” work was published (Sutcliffe,
1989, p. 26-7; Ashworth with Ollerton, 1995, p. 9).

Over time there grew within the class a respect for John; he both benefited from and
was a benefit to others. His presence in the class did not ‘slow” other students down,
indeed he was a valuable determinant for helping more ‘gifted’ students realise their
own good fortune at being able to make sense of school mathematics without so much
struggle. This spurred some to extend their own mathematics beyond the GCSE
syllabus.

By learning in a non-setted group, therefore, John was integrated into a mainstream
class and worked on the same mathematics curriculum as his peers. By working from
the same starting points as everyone else, in mathematics lessons, he was included
academically. Such academic inclusion had a positive effect on John's social and
emotional development and upon the humility and humanity of his peers.
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