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Study Plus


Theme/ Strand:


Sequences with fractions
Unit title:


Fractals
Target group of pupils:
Year 10

Timing of unit:


Autumn term
Curricular targets

· Begin to use linear expressions to describe the nth term of an arithmetic sequence, justifying its form by referring to the activity or practical context from which it was generated. (Sequences, functions and graphs: step 6)

· Generate terms of a sequence using term-to-term and position-to​-term definitions of a sequence, on paper and using ICT, and write an expression to describe the nth term of an arithmetic sequence. (Sequences, functions and graphs: step 7)

Other curricular targets covered in this unit

· Begin to add and subtract simple fractions and those with common denominators. (Fractions, decimals, percentages, ratio and proportion: step 5)

· Multiply a fraction by an integer. (Fractions, decimals, percentages, ratio and proportion: step 6)

· Simplify fractions by cancelling all common factors and identify equivalent fractions. (Fractions, decimals, percentages, ratio and proportion: step 5)

· Use index notation for integer powers and simple instances of the index laws. (Integers, powers and roots: step 7)

Unit description

The unit has been designed to cover a number of areas of mathematics, particularly work with number and algebra. It also addresses a range of learning styles along with links to literacy and ICT through the use of spreadsheets.

Using the topic of fractals, pupils explore the patterns and sequences generated from the perimeters and areas of the von Koch Snowflake.

The unit includes work on adding and multiplying fractions. The iterative sequence for the areas involves proportional change and pupils are guided towards using multiplicative relationships with a single multiplier.

This work is then extended into looking at other sequences, functions and graphs to link with work in mathematics lessons.

Unit overview

	Phase
	Phase overview

	1
	Introduction

Lesson 1 – Introduction to fractals

This lesson introduces pupils to fractals. Pupils will make a 3D fractal by accurately measuring and cutting. They use and add simple fractions during the lesson.

	2/3
	Main development phase (three lessons)

Lesson 2 – Writing algorithms to produce fractals During this lesson pupils work in pairs to develop and refine mathematical language in order to write an effective algorithm to produce a fractal. There is opportunity to work with English teachers to develop a linguistic toolkit to support the writing of instructions using command words and thus helping pupils to transfer skills across the curriculum.

Lesson 3 – The perimeter of the von Koch Snowflake

This lesson involves the use of a spreadsheet to help deduce term-to-term rules for the number of edges and the length of each edge of the von Koch Snowflake. Pupils are encouraged to work with fractions.

Lesson 4 – The perimeter and area of the von Koch Snowflake

Pupils explore the challenging position-to-term rule for the number of edges and the length of each edge in the von Koch Snowflake. This will involve working with equivalent expressions and use of index notation. Using visual images to explore multiplicative relationships they will derive the fact that in the limit the snowflake has an infinite perimeter and a finite area.

	4
	Summary – Links and judgements (two lessons)

Lesson 5 – Sequences, functions and graphs

The aim of this lesson is to make links between sequences, functions and graphs. Pupils sort cards into equivalent sets to make links between practical contexts, sequences, rules and graphs. They produce ‘missing’ cards.

Lesson 6 – Summary and self-assessment

The aim of this lesson is to make links between the ‘Fractals’ unit and work within mathematics lessons and examination-type questions. During this lesson there is opportunity for the group to have focused learning conversations with the teacher and/or the teaching assistant to assist self-assessment.
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Overview

This lesson introduces pupils to fractals. Pupils will make a 3D fractal by accurately measuring and cutting. They use and add simple fractions during the lesson.

Learning objectives:

· Begin to see patterns in fractals.

· Use a ruler to measure accurately to one millimetre.

· Begin to add and subtract simple fractions and those with common denominators.

· Simplify fractions by cancelling all common factors; identify equivalent fractions.

Learning outcomes:

By the end of the lesson you will:

· know what a fractal is;
· have made a 3D fractal and used it to add simple fractions.

	Starter – Introduction to fractals (5 minutes)

	Vocabulary
	Resources

	Fractal

Fraction
	Fractal pictures: they can be found on a range of websites, including:

http://www.fractaldomains.com/gallery http://www.fractalus.com/kerry/index.html


· Show pupils a variety of fractal pictures downloaded from the websites.
· Discuss with pupils any patterns that they can see in the fractal pictures.

· Explain that a fractal is a shape that has a similar structure at all scales of magnification and is therefore often referred to as ‘infinitely complex’.
· Explain that the term fractal was coined by the French mathematician Benoit Mandlebrot (born 1924) to describe shapes that have ‘fractional dimension’.

	Main activity – Making a 3D fractal (40 minutes)

	Vocabulary
	Resources

	Half

Parallel

Perpendicular

Fraction

Algorithm
	Paper

Pencils, rulers, scissors

Resource sheet 1.1

A copy of the fractal that is to be made during the session to show what standards pupils are aiming for


Whole class discussion, collaborative group work, individual work in groups
In this lesson pupils work collaboratively as a group to sort instructions. They then work individually on practical work in their groups. The teaching assistant will need to supervise and support closely the practical work of some pupils with poor measuring and drawing skills.

During this activity pupils will need to follow an algorithm that will result in a 3D fractal. Pupils will need to use precise measurements and practise halving numbers. Show pupils what the finished product looks like so they know what they are aiming for.

Ask pupils to work in groups of three to sequence the cards, from Resource sheet 1 .1, so that they are in the order needed to produce their fractal individually in their group, checking with each other. Pupils then follow the instructions on the cards to make the fractal. You may need to model the first stages of the construction. The teaching assistant will need to support groups and individual pupils with poor construction skills.

Possible questions to ask during the fractal construction include:

Q. How are you halving the numbers?

Q. How can you be sure that the lines you are drawing are parallel?

Q. Can you tell me what the length is of the lines you are cutting?

Q. What would the length of the next line be?

Q. What fraction of the original length is the line that you have just cut? Can you explain what fraction the next line will be?

Q. How accurately would you say you could measure and draw? To the nearest mm?

	Plenary – Fractal properties (15 minutes)

	Vocabulary
	Resources

	Numerator 

Denominator
	Resource sheet 1.2


Use the plenary as an opportunity to refer back to the lesson outcomes, to look at the fractal that has been constructed and to consider the mathematical properties. Emphasise the importance of working with fractions instead of decimals.
Using Resource sheet 1.2, cut out, to show 3D to the whole class, discuss the fraction sequences that would have been used in the construction and discuss the errors involved in cutting and measuring accurately.
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Q. If the original length is 10 cm what would be the length of the second cut? How many cuts would you need to cut before the length of the cut was less than 5 mm?

Q. What fraction of the original length is cut 2?
Q. What fraction of the original length would cut 4 be?

Q. Can you explain using the diagram (Resource sheet 1.2) how you could calculate ½ + ¼ + ⅛?
Q. What is it about the denominators of these fractions that make them easy to add?
Q. If you add the length of cuts 1, 2, 3 and 4 what fraction of the total length would your answer be?

Questions could extend to considering the area of the shape as a fraction of the original shape.

Discuss real-life applications of fractal geometry that is used to model crystal formulation, coagulation of particles and urban growth.

	Possible homework or extension/revision
	Resources

	Depending on pupils’ curricular targets there are many linked areas that could be revised or further explored for homework. These include:
further work on addition and subtraction of fractions using the resource sheets
development work on constructing parallel and perpendicular lines
	Resource sheet 1.3

Resource sheet 1.4

Resource sheet 1.5
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Overview

During this lesson pupils work in pairs to develop and refine mathematical language in order to write an effective algorithm to produce a fractal.

Pre-lesson preparation

There is opportunity to work with English teachers to develop a linguistic toolkit to support the writing of instructions using command words and thus helping pupils to transfer skills across the curriculum.

Learning objectives:

· Use and refine mathematical language in order to produce an effective algorithm.

Learning outcomes:

By the end of the lesson you will:

· have successfully written an algorithm to produce a fractal.

	Starter – Visualisation exercise (15 minutes)

	Vocabulary
	Resources

	Fractal

Line segment

Algorithm

von Koch Snowflake 
	Mini whiteboards

Isometric paper 


Read through the following visualisation instructions and ask pupils to record their result at the end of step three on a mini whiteboard. Model this alongside the pupils.
	Step
	Instructions
	Resulting image

	1
	Start with an equilateral triangle.

An equilateral triangle is made up of three equal line segments
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	2
	Remove the inner third of each line segment and form another equilateral triangle where the side was removed, ensuring that the area increases
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	3
	Repeat step 2
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[image: image19.png]Explain that you have constructed the first stage of a 2D fractal that has a special name – the von Koch Snowflake. (This fractal was first used by Helge von Koch in 1904). Ask pupils to imagine what the next steps may look like (this will be too difficult to draw accurately!)

Explain that the instructions were an algorithm – a precise set of instructions.

If an algorithm has been written and followed successfully then everyone should end up with the same outcome!

Give pupils instructions for a different fractal. Ask them to draw each of the three diagrams generated.

Step 1: Draw a square.

Step 2: Remove the inner third of each line segment and form another square where the side was removed.

Step 3: Repeat step 2.

	Main activity – Writing algorithms (35 minutes)

	Vocabulary
	Resources

	Fractal

Algorithm

Fraction

Midpoint

Bisect

Sierpinski’s Triangle
	Resource sheet 2.1

Resource sheet 2.2

Isometric paper

Linguistic toolkit for writing instructions (liaise with English department)


Whole class discussion, collaborative paired work, pairs to fours

In this part of the lesson pupils work collaboratively in pairs and then in fours to produce an algorithm for a fractal. Use Resource sheets 2.1 and 2.2.

Divide the class into two groups (each working on a different fractal).

· Work in pairs to write an algorithm.

· Pairs join together with another pair with different fractals.

· Try out the algorithms.

· Refine algorithms in groups of four using feedback having tried them.

Q. What key words are important in your algorithm?

Q. How did you refine your algorithm after trialing it?

Q. Why is it important to use precise language?

Possible mathematical questions that arise from Resource sheet 2.1 include:

Q. What fraction of pattern 2 is shaded?

Q. What fraction of pattern 3 is shaded?

Q. What fraction of pattern 3 is not shaded?

Possible mathematical questions that arise from Resource sheet 2.2 include:

Q. If the area of the first square is 36 what is the area of the smallest square in step 2?

Q. How could we calculate the length of the smallest square in step 2?

	Plenary – Defining algorithms (10 minutes)

	Vocabulary
	Resources

	Algorithm

Equilateral triangle

Midpoint

Bisect

Square

Construct
	Resource sheet 2.1

Resource sheet 2.2

Linguistic toolkit for writing instructions


Refer back to the lesson outcome and discuss how successful pupils were at writing algorithms.

Q. What mathematical keywords were needed in your algorithm? (midpoint, equilateral, bisect, etc.)

Q. What type of language was used when writing the algorithm?

As a class derive three golden rules for writing algorithms.

Recap on the definition of an algorithm and ask pupils in groups to think of any examples in real life where algorithms are used (e.g. recipes, production lines in a factory to make a car).

Explain that next lesson will go on to consider the properties of the von Koch Snowflake.

	Possible homework or extension/revision
	Resources

	Depending on pupils’ curricular targets there are many linked areas that could be revised or further explored. These include:
construction of equilateral triangles
construction of tetrahedron nets to
produce the 3D fractal Sierpinski’s Tetrahedron
revision of squares and square roots

Pythagoras’ theorem
	Photograph of Sierpinski’s Tetrahedron downloaded from the Internet

	Draw an accurate version of steps 1, 2 and 3 of the von Koch Snowflake from the starter activity for use during the next lesson (a resource sheet is provided if there is not enough time to do that). Either use isometric paper or construct using pencil and compass.
	Isometric paper 
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Lesson 3: The perimeter of the von Koch Snowflake

Overview

This lesson will involve the use of a spreadsheet to help deduce term-to-term rules for the number of edges and the length of each edge of the von Koch Snowflake. Pupils will be encouraged to work in fractions.

Resources

· Use of a computer with a spreadsheet package.

Learning objectives:

· Describe a term-to-term rule for a given practical context.

Learning outcomes:

By the end of the lesson you will:

· have written term-to-term rules for the number of edges and the length of each edge of the von Koch Snowflake.

	Starter – Generating sequences from the von Koch Snowflake (10 min)

	Vocabulary
	Resources

	Edge

Perimeter

Term

Sequence

Term-to-term rule
	Resource sheet 3.1 The von Koch Snowflake (constructed on isometric paper in Lesson 2)

Resource sheet 3.2

Resource sheet 3.3

Mini whiteboards


Show pupils Resource sheet 3.1

Q. What is the perimeter of pattern number 1?

Q. What is the perimeter of pattern number 2?

Q. How did you go about calculating the perimeter?
Give pupils 10 minutes to work in groups to complete the table (Resource sheet 3.2). Encourage them to discuss how they are finding the measurements.

N.B. Some pupils may count the number of edges or measure (from their drawings completed for homework) the length of each side and others may quickly move to spotting numerical patterns.
	 Main Activity – Deriving term-to-term rules (30 minutes)

	Vocabulary
	Resources

	Edge

Perimeter

Term

Sequence

Term-to-term rule
	Resource sheet 3.4 (Excel spreadsheet – password for protected to unlock cells is ‘resource 3.4r)

Resource sheet 3.3


Whole class discussion, collaborative group work with a spokesperson

In this lesson the teacher models using a spreadsheet and pupils work collaboratively in groups to find term-to-term rules. The teaching assistant will need to be briefed that the perimeter is tending to infinity. He/she will need to work with some groups to help them engage with the problem. The spokesperson for such groups may need to have their response scaffolded.

Activity 1

Using Resource sheet 3.4, come together as a class to input the results from the starter into the spreadsheet.

First complete the number of edges in the column. The cells will turn green if the number entered is correct. Then attempt the length of edges column. The aim of using this spreadsheet is for pupils to see the importance of using fractions. It is likely that pupils may attempt to type in a value for the length that is correct to a certain number of decimal places – the cell will remain red unless exact fractions are used.

Model formatting the cells to show numbers as a fraction (initially the cells are formatted to show numbers correct to two decimal places).

Q. Why are fractions important in this problem?

Q. How can I convert a fraction back into a decimal?

Activity 2

[image: image27.png]Model the process of finding the term-to-term

rule for the number of edges in the snowflake.

There are 3 edges in pattern number 1

There are 12 edges in pattern number 2

There are 48 edges in pattern number 3

I will record the results in a table to help look for patterns

I have noticed that:

Number of edges in pattern 4 = 4 × number of edges in pattern 3

Number of edges in pattern 8 = 4 × number of edges in pattern 7

Number of edges in pattern n = 4 × number of edges in pattern (n –1)
In groups ask pupils some questions that will guide them to find the term-to-term rule for the length of each edge in the snowflake at each stage. Allow a short time for discussions and take feedback from a nominated spokesperson.

Length of each edge in pattern n = (length of each edge in pattern (n − 1)) ÷ 3

	Plenary using the term-to-term rule (15 minutes)

	Vocabulary
	Resources

	Term-to-term rule

Perimeter

Term

Sequence
	Resource sheet 3.4 (Excel spreadsheet)

Resource sheet 3.5


Use Resource sheet 3.5 and ask pupils to decide in groups which cards match together and which expressions are not needed.

Agree on the correct formulae to type into the spreadsheet then check that it is correct.

Discuss common mistakes/misconceptions, for example:

· typing in a value or calculation instead of using a formula

· forgetting to use an equals sign so that the spreadsheet knows it is a formula
· using × instead of * to multiply

· using incorrect cell references.
Q. When will the number of edges be greater than 1 000 000? (pattern no. 11)

Q. At what stage do you think you would no longer be able to draw the snowflake using a pencil and paper? Why?

Q. What are the limitations of using a term-to-term rule? (It is time-consuming to have to consider every previous term)

	Possible homework or extension/revision
	Resources

	The aim of this homework is for pupils to consider the area of the snowflake. Depending on pupils’ needs within the class, this could include the following:
revision of the area of triangles
drawing a circle around the snowflake, hence determining that the area is a finite amount even if it cannot be easily calculated
The answers to this homework will be needed in the next lesson.
	Resource sheet 3.6
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Overview

Pupils explore the challenging position-to-term rule for the number of edges and the length of each edge in the von Koch Snowflake. This will involve working with equivalent expressions and use of index notation. Using visual images to explore multiplicative relationships they deduce that the snowflake has an infinite perimeter and a finite area.

Learning objectives:

· Recognise patterns in successive terms of a sequence.

· Understand the difference between term-to-term rules and position-to​-term rules.

· Generate terms of a sequence using term-to-term and position-to-term definitions of a sequence, on paper and using ICT.

· Generate sequences from practical contexts and write an expression to describe the nth term of an arithmetic sequence.

· Express one number as a fraction of another.

Learning outcomes

By the end of the lesson you will:

· understand the difference between term-to-term and position-to-term rules;
· have derived the position-to-term rule for the number of edges and the length of each edge of the von Koch Snowflake;
· have made a discovery about the curious properties of the von Koch Snowflake.
	Starter – Term-to-term rule (5 minutes)

	Vocabulary
	Resources

	Term

Term-to-term rule
	Mini whiteboards 


[image: image30.png][image: image31.png]Using mini whiteboards ask pupils to consider the answers to:

A sequence is given by 1,2,4,8, ... ...

Q. What are the next three terms

 Q. What is the term-to-term rule?

A sequence is given by 10, 13, 16, 19, ... ...

Q. What are the next three terms?

Q. What is the term-to-term rule?

Q. How could you calculate the 15th term?

A rule is given by × ½
Q. What could a possible sequence be?

Q. What else do we need to know to confirm what the sequence is?

	Main activity – Deriving the position-to-term rule (40 minutes)

	Vocabulary
	Resources

	Position

Term

Term-to-term rule

Position-to-term rule

Sequence
	Resource sheet 3.1

Resource sheet 3.3

Resource sheet 4.2 (enlarged to A3)

Resource sheet 4.3 (enlarged to A3)

Resource sheet 4.4

Resource sheet 4.5


Whole class discussion, collaborative paired work

In this lesson pupils work collaboratively in pairs on a card-sort exercise. The teaching assistant will need to support weaker pairs in engaging with the activity and answering the questions about term-to-term rules.

Show pupils Resource sheets 3.1 and 3.3 from Lesson 3 and refer back to the limitations of the term-to-term rules that were found.

Activity 1

Using the cards cut out from Resource sheet 4.2 ask pupils in pairs to organise the cards so that equivalent expressions are together and grouped with those on the table in Resource sheet 4.3. (When working with more able students remove some of the cards and ask them to fill in the blanks). The solutions are on Resource sheet 4.4 and also below.

	Pattern number
	Number of edges
	Length of each edge

	1
	3
	3
	3  ×  40
	9
	9
	9 ÷ 30

	2
	12
	3 × 4
	3  ×  41
	3
	9 ÷ 3
	9 ÷ 31

	3
	48
	3 × 4 × 4
	3  ×  42
	1
	(9 ÷ 3) ÷ 3
	9 ÷ 32

	4
	192
	3 × 4 × 4 × 4
	3  ×  43
	1/3
	((9 ÷ 3) ÷ 3) ÷3
	9 ÷ 33

	5
	768
	3 × 4 × 4 × 4 × 4
	3  ×  44
	1/9
	(((9 ÷ 3) ÷3) ÷3) ÷ 3
	9 ÷ 34

	10
	
	
	
	
	
	

	n
	
	
	
	
	
	


Q. What would be the number of edges in pattern number 10, 100, 1000? How do you know? Could you express these in a different way?

Q. Can you give me an expression for the number of edges in pattern n?


(3 × 4n−1)
Q. Can you give me an expression for the length of each edge in pattern n?


(9 ÷ 3n−1)
Emphasise these are the position-to-term rules (this is more difficult than pupils will need to derive by themselves – Lesson 5 will involve pupils calculating position-to-term rules for simpler functions!)

Q. What is the advantage of the position-to-term rule over the term-to-term rule?

Activity 2

Use a bar chart (Resource sheet 4.5) for the pattern number and perimeter (or alternatively do this from the Lesson 3 spreadsheet).
Q. What fraction is the first bar of the second? (2 7/36)

Q. Could this be expressed more simply? (3/4) How did you simplify this?
 Q. What fraction is the second bar of the third? (26/48)

Q. Could this be expressed more simply? (3/4) How did you simplify this?

Q. What fraction is the third bar of the fourth? (48/64)

Q. Could this be expressed more simply? (3/4) How did you simplify this?

	Plenary – Conclusions of the von Koch Snowflake (15 minutes)

	Vocabulary
	Resources

	Finite

Infinite

Position

Term

Term-to-term rule
Position-to-term rule

Sequence
	Resource sheet 3.6 (homework from Lesson 3)

Resource sheet 4.6

Ratio strips ITP


Use ratio strips ITP or Resource sheet 4.6.

Building on the work from Activity 2, derive that the term-to-term rule for the perimeter sequence 27, 36, 48, 64 ..... is multiply by 4/3 (this could be checked using the spreadsheet from Lesson 3).
Q. If I multiply a number by 4 is the answer bigger or smaller?
Q. If the perimeter is being multiplied by 4/3 at every step what can we conclude about the perimeter of the snowflake?

Refer back to the homework (Resource sheet 3.6) to show that the area of the von Koch Snowflake will be greater than the area of the equilateral triangle but less than the circle that surrounds it.

Using all of the work from the last two lessons we can conclude that: the von Koch Snowflake has a finite area and infinite perimeter.

An amazing result!!

	Possible homework or extension/revision
	Resources

	There is a natural opportunity to extend work on area and perimeter. The Targeting Misconceptions unit of work will provide many ideas.
	Resource sheet 4.1


Lesson 5: Sequences, functions and graphs

Overview

The aim of this lesson is to make links between sequences, functions and graphs. Pupils will be grouping cards into equivalent sets to make necessary links and then completing missing cards to ensure that they understand the concepts.

Learning objectives:

· Generate terms of a sequence using term-to-term and position-to-term definitions of a sequence, on paper and using ICT.

· Generate sequences from practical contexts and write an expression to describe the nth term of an arithmetic sequence.

· To recognise graphs of simple sequences.

Learning outcomes:

· By the end of the lesson you will be able to make links between patterns in their sequence, function and graphical form.
	Starter – Making links (15 minutes)

	Vocabulary
	Resources

	Position

Position-to-term rule

nth term

Sequence

Term

Term-to-term rule
	Resource sheet 5.1

Mini whiteboards

Number grid ITP


Show pupils the squares in a cross pattern from Resource sheet 5.1. Ask them to describe how the pattern is growing. Show pupils the sequence and ask them to explain how the sequence links to the pattern given.

Q. What will the next number in the sequence be? How did you work it out?

Bring out through discussion that this sequence has a term-to-term rule of ‘add four’.
Q. Why does this sequence grow by four?

Ask pupils how they would use the term-to-term rule to find the number of squares in the 20th pattern.

Ask pupils to write on their whiteboards other sequences that have ‘add four’ as the term-to-term rule.

Q. What is the same about your sequences? What is different?

Guide pupils towards ‘seeing’ all the sequences as linked to multiples of four. Each term of the sequence on Resource sheet 5.1 can be thought of as ‘is one more than a multiple of 4’.

The number grid ITP may be a useful tool here. Through discussion establish that the sequence of multiples of 4 can be expressed as 4n (where n is the term number) so the sequence we are considering is one more than 4n, i.e. 4n + 1. Emphasise that 4n + 1 is the nth term, which is also called the position-to-term rule.

Show pupils the graph on Resource sheet 5.1 and establish the links between the sequence, function and graph. Note that often sequence questions ask for nth terms; pupils will be more familiar with plotting graphs with an x and a y axis.

Q. Does it matter what letters we use on our axes?

Make the point that although the function y = 4x + 1 has been drawn as a straight line it is only the integer values of x that have meaning in our practical context of Squares in a cross.

	Main activity – Sequences functions and graphs (30 minutes)

	Vocabulary
	Resources

	Function

Graph

Generate

nth term
	Resource sheet 5.2 printed on card and cut out – sufficient copies for one between two pupils


Whole class discussion, collaborative paired work

In this lesson pupils work collaboratively in pairs on a card-sort activity. The teaching assistant will need to support weaker pairs of pupils in engaging with the activity and preparing them to answer questions in the whole class discussion.

Using Resource sheet 5.2 pupils are to group the cards into equivalent sets. There are some blank cards included. Pupils need to complete the blanks so that there is a sequence, function and graph for each diagram.

Q. Which cards did you organise first?

Q. Which cards were difficult to sort?

Q. Can you talk me through your method for completing the blank cards?

	Plenary – Rules for sequences (15 minutes)

	Vocabulary
	Resources

	Term-to-term

Position-to-term

nth term

Function

Linear sequence
	Resource sheet 5.3


Discuss the responses that pupils filled in on the blank cards that were sorted during the main activity.

Show Resource sheet 5.3; ask pupils in groups of four to decide on what the sequence for the total number of hexagons would be, what the graph would look like and what the relationship is between the pattern number and the number of hexagons.

Q. What is the term-to-term rule for the pattern given?

Q. What is the position-to-term rule for the pattern given?

Q. How do you know what the graph of the function will look like?

Q. If the term-to-term rule for a pattern is add 4, what can you say about the graph?

Emphasise that the sequence is a linear sequence.

Q. Can you give me an example of a term-to-term rule that would not give a straight line graph?

	Possible homework or extension/revision
	Resources

	Further practice with exam style questions on sequences
	Resource sheet 5.4


Lesson 6: Summary and self-assessment

Overview

The aim of this lesson is to make links between the ‘Fractals’ unit and work within mathematics lessons and examination type questions. During this lesson there is opportunity for the group to have focused learning conversations with the teacher and/or the teaching assistant to assist self assessment.

Learning objectives:

· Describe simple sequences.

· Find the term-to-term rule for simple sequences and practical contexts.

· Find the position-to-term rule for simple sequences and practical contexts.

Learning outcomes

By the end of the lesson you will have:

· found term-to-term and position-to-term rules for examination-type questions;

· reflected on the unit of work and written two targets for further development.
	Starter – Recap on the module (20 minutes)

	Vocabulary
	Resources

	Sequence

Function

Term-to-term rule

Position-to-term rule

Fractal
	Resource sheet 6.1


Ask pupils to identify the mathematics they have been using during the ‘Fractals’ unit of work, e.g. sequences, functions, addition of fractions, area, perimeter, constructions, etc.

Use Resource sheet 6.1 to reference the learning outcomes from the project and support pupils’ self-assessment.

	Starter – Recap on the main concepts in the Fractal unit (20 minutes)

	Vocabulary
	Resources

	None
	Resource sheet 6.2

Resource sheet 6.3

Resource sheet 6.4


Whole class discussion, collaborative work in pairs

In this part of the lesson pupils work collaboratively to classify examination questions and to make a revision poster. The teaching assistant will need to support weaker pairs to engage with the activity and assess their strengths and weaknesses.

Activity 1

Use Resource sheets 6.2–6.4 and other questions that cover the objectives of the unit of work.

Ask pupils to work in pairs to group the questions into two categories:

· Questions that you would find easy.

· Questions that you would find difficult.

Encourage pupils to focus on the problems that they grouped into category 2 and to use these to focus their self-assessment on Resource sheet 6.1.

Activity 2

Ask pupils to work in the same pairs to make a revision poster that would help a Year 9 student understand the term-to-term and position-to-term rules. Discuss with pupils what the key features of a revision poster would be and decide on the marking criteria.

Focusing learning conversations

During Lesson 6 it should be possible for pupils to have learning conversations with the teacher or teaching assistant focused on Resource sheet 6.1. The following prompts below (taken from the progression maps) may be useful questions to informally assess pupils’ progress towards the stated objectives. Select the appropriate prompts carefully to suit the pupils’ current levels of understanding.

Generate terms of a sequence using term-to-term and position-to-term definitions of a sequence, on paper and using ICT and write an expression to describe the nth term of an arithmetic sequence. (Sequences, functions and graphs: step 7).
Q. The term-to-term rule for a sequence is +2. What does that tell you about the position-to-term rule?

Q. Do you have enough information to find the rule for the nth term? Why?

Q. What do you look for in a sequence to help you to find the position-to-term (nth term) rule?

Q. How would you go about finding the position-to-term (nth term) rule for this information on a sequence.

	Position
	3
	5
	10

	Term
	11
	19
	39


· Begin to add and subtract simple fractions and those with common denominators. (FDPRP: step 5)

Q. Why isn’t 1/3 + 1/3 = 2/6?

Q. Can you explain to your friend how you add fractions?

Q. Use a show me board to explain to your friend how you add 1/3 + 1/3.

Q. Why are some fractions easier to add together than others?

· Multiply a fraction by an integer. (FDPRP: step 6)

Q. 2/5 of a total is 32. What other fractions of the same total can you calculate?

Q. Using a set of fraction cards (e.g. 3/5, 7/8, 5/8, 3/4, 7/10, etc.) and a set of two-digit number cards, ask how the fractions and numbers might be paired to form a question with a whole number answer.

· Simplify fractions by cancelling all common factors and identify equivalent fractions. (FDPRP: step 5)

Q. What clues did you look for to cancel these fractions to their simplest form?

Q. How do you know when you have the simplest form of a fraction?

Q. Give me two equivalent fractions. How do you know they are equivalent?

Q. Give me some fractions that are equivalent to ... How did you do it?

· Use index notation for integer powers and simple instances of the index laws. (IPR: step 9)

Q. Can you explain to someone why 23 does not give the same answer as 2 × 3 when 22 is the same as 2 × 2?

Q. Why do we use index notation?

Q. If 52 can be thought of as a square of side 5 what could 53 represent?

Q. Which is larger 25 or 52?

	Plenary – Self-assessment (20 minutes)

	Vocabulary
	Resources

	None
	Resource sheet 6.1


Use the plenary to give pupils clear opportunities to talk about what they have learned during the unit of work and what they have found difficult, using the learning objectives detailed on Resource sheet 6.1 as a focus. Encourage them to talk about how they can transfer the skills learnt back into other mathematics lessons.

Based on pupils responses and their traffic lighting on Resource sheet 6.1, ask pupils to write two targets for future development
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