Year 9 geometrical reasoning: unit plan

	Oral and mental starter
	Main teaching
	Notes
	Plenary

	Objectives E, F (Framework p. 185)

From words to pictures

Visualisation exercises (consider using some of the following exercises a week or two before starting this unit):

1
Two intersecting lines

2
Two parallels and a transversal

3
Extending the sides of a triangle

4
Extending the sides of a parallelogram

5
Three intersecting lines

6
Two pairs of parallel lines

7
Halving a rectangle

(See ‘Prompts for oral and mental starters in phase 1’ and audio tracks 1–7.)
	Phase 1 (three or four lessons)

Objectives A, B, F, G (Framework pp. 179–183)

From pictures to words – establishing the foundations of proof

Discuss conventions and definitions. Use diagrams and commentary to model the process of deductive geometrical argument.

Using acetate overlays or tracing paper, build up sequences 1 to 5 establishing definitions (corresponding and alternate angles, parallel lines) and proving geometric properties (vertically opposite angles are equal, pairs of alternate angles on parallel lines are equal).

Discuss what is ‘given’ and how the new property is established or proved from givens. Model recording of the build-up jointly as a class. Gradually increase the level of formality. Pupils reconstruct build-ups rehearsing language and refining written form of recording proof. (See ‘Prompts for main activities in phase 1’.)

Proving the angle sum of a triangle

Build up sequences 6 and 7, proving interior angles of a triangle add to 180º.

Follow-up activities. Using the same given facts, pupils reconstruct the argument.

•
Can the build-ups be used to construct the argument for any type of triangle? Pupils devise figures which form different types of triangle (e.g. isosceles, scalene, obtuse angle, right angle) and reconstruct the proof as the triangle is formed.

•
Can the build-ups be created for one given triangle beginning from any side? Pupils visualise the stages of the build-up which would be generated by drawing a line parallel to any one side of the triangle (see diagrams) and reconstruct proof from the ‘freeze frame’ of the final picture.

Proving the angle sum of a polygon

Develop similar approaches to the sum of interior angles of polygons. Three start points all based on ‘building up’ the interior angles using triangles with adjoining sides the same length. Position a vertex from each triangle:

•
at a point within the polygon;

•
at a point on a side of the polygon;

•
at a vertex of the polygon (the usual approach).

Encourage pupils to build up for themselves establishing levels of algebraic presentation appropriate to the group, relating final algebraic form back to context.

180n – 360
n triangles subtract the full turn at the point within the polygon

180(n – 1) –180
(n – 1) triangles subtract the ½ turn at the point on the side of the polygon

180(n – 2)
(n – 2) triangles
	A fourth lesson may be needed, depending on pupils’ response to the build-ups.


Conventions, definitions and facts (derived properties) are defined in the Framework p. 179. Using the resource sheet ‘Start of a flowchart of logical reasoning‘ as a teacher prompt, gradually construct a poster size flow chart of related geometrical facts (see ‘Prompts for final plenary in phase 2’).

The purpose of the follow-up activities is to illustrate the generality of the argument. Allocate types of triangles to different groups, with mini-plenaries to share findings.
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Extension: For any of the three versions of a general form simplify and use to find the size of one interior angle of a regular polygon 180 – 360/n. Relate the algebraic form to the sum of exterior angles and equality of each exterior angle in a regular polygon. 
	Present a short extract from the trial in Alice’s Adventures in Wonderland (reading on CD track 8, text in ‘Prompts for first plenary in phase 1’). Discuss false assumptions and unjustified conclusions. Draw analogy with ‘givens’ and ‘derived properties’ in geometrical argument.


Will the argument apply to all triangles? Distinguish between proof and demonstration, e.g. for a selection of triangles, drawing and measuring the angles or cutting out, tearing off the corners and fitting them together. 

Invite pupils to talk through their written explanations with the rest of the class. (See notes under phase 2 below.)

	Objectives D, F (Framework pp. 199–201)

3-D work, using sketches on paper or whiteboard. For example:

•
Sketch and label a cube, identify parallel and perpendicular lines, compare diagonals, etc.

•
Discuss possible orientations of two lines or planes in space (straws and card to aid visualisation).

•
Describe solid shapes from plans and elevations.

•
Explore sections obtained by slicing a cube.
	Phase 2 (three lessons) 

Objectives B, C, F, G (Framework pp. 17, 183, 185)

Solving problems

Select problems from the problem bank. Work through one or two examples together, setting out appropriate expectations in terms of written explanations. Model the task and support pupils’ explanations by setting out the stages in the process:

•
Clarify the task.

•
Build up the chain of reasoning.

•
Deduce some information.

•
Conclude the argument.

Explain conventions for written explanations: recording line by line, giving reasons in brackets after each statement or equation, using symbols such as (, ∆, //.

Provide pupils with the following list of given facts to use as justification for their conclusions (all except the last two were developed in phase 1):

•
Angles on a straight line add to 180°.

•
Vertically opposite angles are equal.

•
Pairs of corresponding angles on parallel lines are equal.

•
Pairs of alternate angles on parallel lines are equal.

•
The interior angles of a triangle add to 180°.

•
The interior angles of an n-sided polygon add to 180(n – 2)°.

•
Angles opposite the equal sides of an isosceles triangle are equal.

•
In a triangle with two equal angles, the sides opposite the equal angles are equal and the triangle is isosceles.

Organise pupils in pairs to:

•
solve the problem on their own if they can;

•
compare notes, explaining their reasoning;

•
agree on a solution and write out the proof;

•
present an alternative solution, if appropriate.
	Use alternative wordings for the problems according to the level of challenge required.

Differentiation in written arguments:

•
Pupils present a simplified explanation, omitting some points of detail.

•
Pupils are given a partially completed explanation, to add reasons for each statement, or to put statements in logical order.

•
Pupils prepare a full written explanation.
	As appropriate:

•
Ask selected pairs of pupils to prepare a written explanation to share with the class, preferably on an OHT for ease of display.

•
As the pupils explain their steps, get the class to ask questions for clarification or adopt the role of ‘doubters’.

•
Discuss clarity of explanations and soundness of reasoning.

•
Compare and evaluate different explanations.

Flowchart of logical reasoning

To review the unit, show ‘Start of a flowchart of logical reasoning’ (wall chart or OHT). Discuss the hierarchy of facts and links between them.
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