AQA GCSE Mathematics Topic Teaching Plan
	Topic Title: Solving Quadratic Equations
	Routemap:  3 Year Foundation 


	Pre-requisite knowledge:  
Expanding products of two binomials
Factorising quadratic expressions of the form x2 + bx + c, including the difference of two squares.
Solve linear equations in one unknown algebraically 
Substitute numerical values into formulae and expressions 
Calculate with roots, and with integer indices 
Work with coordinates in all four quadrants
Plot and interpret graphs 

	Keywords:
Quadratic
Factorise
Substitution
Rearrange


	Candidates should be able to

	Number of lessons required:
6 lessons approx. 1 hour each

	Basic Foundation Content:
N/A
	

	Additional Foundation Content:
Solve Quadratic equations algebraically by factorising (A18)
Find approximate solutions using a graph (A18)

	

	Higher Content Only:
N/A

	

	Topic commentary: 
This topic is new to the Foundation tier and will be quite challenging for Foundation students so a steady progressive approach has been used over six lessons.
Ensure lots of practice factorising quadratics containing only positive values so students can become confident with the concept before introducing any negative terms.  Encourage students to write the factor pairs down individually, and then look at each pair to see if they add to make the coefficient of x, this will ensure that they have a logical approach for the more complicated quadratics which have one or more negative term.  Factorising quadratics with negatives requires a good understanding of directed numbers so attempt to develop these skills throughout the topic.
Students should be checking their solutions whenever possible, by expanding and simplifying their double brackets when practising factorising and by substituting their solution(s) back into the equation when solving quadratics.
Although drawing quadratic curves is not covered in this topic, it is worth ensuring that students are clear that by substituting different x values, coordinate points are generated which can be plotted and joined together with a smooth curve to create the graph.

	Topic overview: 
Lesson 1 – Full lesson reviewing factorising.
Lesson 2 – Factorising and solving quadratics all equal to zero.
Lesson 3 – Factorising and solving equations that require some rearrangement.
Lesson 4 – Forming and solving quadratic equations
Lesson 5 – Assessing work on solving quadratics by factorising.  Introducing quadratic graphs and roots of the equations.
Lesson 6 – Using graphs to find approximate solutions to quadratic equations.


	Topic resource requirements: 

Lesson 1 
· Lesson 1 Activity 1 - Product and Sum Quick Fire Questions ppt
            Mini whiteboards are required for this.
· Lesson 1 Activity 2 - Factorising Quadratics Card Sort
Paired or group work
· Lesson 1 Worksheet 1 - Factorising Quadratics
· Lesson 1 Homework sheet 1 

Lesson 2
· Lesson 2 Activity 1 - Solving Quadratic Equations Card Sort
Paired or group work.
· Lesson 2 Worksheet 1 - Factorising and Solving Equations 
· Lesson 2 Worksheet 2 - Tick or Trash Quadratics
· Lesson 2 Homework sheet 1

Lesson 3
· Lesson 3 Activity 1 - Rearranging Equations Quick Fire Questions ppt 
            Mini whiteboards are required for this.
· Lesson 3 Worksheet 1 - Solving Quadratics involving Rearrangement 
· Lesson 3 Homework sheet 1



Lesson 4
· Lesson 4 Worksheet 1 - Forming and Solving Equations
· Lesson 4 Activity 1 - Quadratics with Area and Volume Card Sort
Paired or group work.
· Lesson 4 Worksheet 2 - Quadratics in context Worksheet
· Lesson 4 Homework sheet 1

Lesson 5
· Lesson 5 Activity 1 - Factorising Quadratics Quick Fire Questions ppt 
Mini whiteboards are required for this.
· Lesson 5 Activity 2 - Student Marking Activity Blank Copy (so teacher can add own responses)  OR
· Lesson 5 Activity 3 - Student Marking Activity (Completed) Paired or group work.
· Lesson 5 Activity 4 - Quadratic Graphs Card Sort. 
· Lesson 5 Activity 5 - Plotting Graphs Template. 
Dry wipe markers required.  Pair or group work.
· Lesson 5 Homework sheet 1

Lesson 6
· Lesson 6 Activity 1 - Straight Line Graphs. Dry wipe markers required.  Paired or group work
· Lesson 6 Worksheet 1 - Using Quadratic Graphs Worksheet
· Lesson 6 Activity 2 - Solving Quadratic Equations
· Lesson 6 Homework sheet 1


10 minute topic test 1
10 minute topic test 2
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Lesson Plan 
GCSE Mathematics 
Solving Quadratic Equations (Lesson 1 of 6)
Introduction
This is the first lesson on this topic, so it will be about familiarising students with the relevant prior learning, correcting any misconceptions and ensuring that they are ready to progress through the unit.  The majority of this lesson will be about recapping expanding double brackets and factorising.  Students will also be applying their skills of solving basic equations from Key Stage 3.
This sample lesson plan is for a lesson lasting approximately one hour.

Learning objectives
All students will recognise equivalent factorised and expanded quadratics by expanding and simplifying
Most students will confidently factorise quadratics containing positive terms
Some students will confidently factorise expressions containing positive and negative terms

Prior knowledge needed
Expanding and simplifying double brackets

Lesson preparation
Resources:
· Lesson 1 Activity 1 - Product and Sum Quick Fire Questions ppt
· Lesson 1 Activity 2 - Factorising Quadratics Card Sort
· Lesson 1 Worksheet 1 - Factorising Quadratics
· Lesson 1 Homework sheet 1 



Activity
	Duration
	Activity
	Notes

	10 minutes
	Starter Activity
Lesson 1 Activity 1
	Powerpoint presentation flashing a series of questions relating to the product and the sum of two numbers.
Pupils should show their answers on mini whiteboards to allow for a quick teacher assessment of their understanding.

	5 minutes
	Factorising basic expressions
	Recap factorising into a single bracket with the class

	15 minutes 
	Lesson 1 Activity 2
	Pupils should work in pairs or 3’s to match up the equivalent factorised expression and the expanded expression.  Ensure that pupils are confident expanding and simplifying two brackets before this activity is given out as they may wish to use this method to help.

	20 minutes
	Lesson 1 Worksheet 1
	This is a staged worksheet to aid progression of factorising quadratics, going from all positive values to one negative, then two negatives.  A full section is dedicated to factorising the difference of two squares.



Further work and reading
Plenary
Class discussion on how to solve a quadratic equation that is already factorised and equal to zero.  Emphasis should be placed on the fact that two brackets being multiplied together are going to equal zero.

Extension
A good extension would be to factorise expressions with 2 as the coefficient of , although this is beyond the requirements for Foundation tier it does reinforce the understanding of factorising.

Preparation for next lesson
Students should be thinking about how to solve a factorised equation that is equal to zero for the next lesson.
Homework
Lesson 1 Homework sheet 1 
This covers factorising into one bracket then factorising quadratics.
Lesson Plan
GCSE Mathematics
Solving Quadratic Equations (Lesson 2 of 6)
Introduction
Students should now be reasonably confident factorising quadratics so will be ready to move on to solving a quadratic equation by factorising.  Students should be encouraged to check their solutions wherever possible, by multiplying out brackets to check their factorising or by substituting their solutions of an equation back in.
This sample lesson plan is for a lesson lasting approximately one hour.

Learning objectives
All students will understand how to use a factorised form to solve a quadratic equation 
Most students will accurately solve simple quadratic equations by factorising
Some students will solve all quadratic equations by factorising and accurately check solutions by substitution

Prior knowledge needed
Substituting values including negative numbers into an expression.
Lesson preparation
Resources:
· Lesson 2 Activity 1 - Solving Quadratic Equations Card Sort
Paired or group work.
· Lesson 2 Worksheet 1 - Factorising and Solving Equations 
· Lesson 2 Worksheet 2 - Tick or Trash Quadratics
· Lesson 2 Homework sheet 1 



Activity
	Duration
	Activity
	Notes

	5 minutes
	Starter Activity
Recap squaring integers and finding the square root of a number.
	Emphasise the fact that the square root of a number will have a positive and a negative solution.

	15 minutes
	Lesson 2 Activity 1

	Students must match the two quadratic equations (one being factorised) and the solutions.  Students must be encouraged to substitute the solutions into both versions of the equation to match the cards accurately.

	20 minutes
	Lesson 2 Worksheet 1
	All equations on this worksheet are equal to zero

	15 minutes
	Lesson 2 Worksheet 2 
	Students given un-factorised quadratic equations and a pair of solutions for each.  They must decide if the solutions are correct by substituting each back into the equation.



Further work and reading
Plenary
Facilitate a discussion with the class about why it is more beneficial to check their solutions by substituting back into the expanded equation rather than the factorised version.

Extension
Solving quadratics containing a coefficient of  that is greater than 1 - however, note that this is beyond the requirements of the Foundation tier.  Give students a quadratic equation that does not equal zero and see where this takes them.

Preparation for next lesson
Students need to think about why solving by factorising will only work if the equation equals zero for next lesson.
Homework
Lesson 2 Homework sheet 1 
This covers solving the equations which have already been factorised and solving equations which must be factorised first.
Lesson Plan
GCSE Mathematics
Solving Quadratic Equations (Lesson 3 of 6)
Introduction
Students can now factorise a quadratic equation and can understand how to use this form to solve the equation.  They should now be ready to solve some equations that require some rearrangement first.
This sample lesson plan is for a lesson lasting approximately one hour.

Learning objectives
All students will confidently solve quadratic equations equal to zero by factorising
Most students will be able to solve quadratic equations by factorising involving a simple rearrangement
Some students will accurately solve quadratic equations by factorising after a more complex rearrangement

Prior knowledge needed
Rearranging equations
Factorising quadratics
Lesson preparation
Resources:
· Lesson 3 Activity 1 - Rearranging Equations Quick Fire Questions ppt 
· Lesson 3 Worksheet 1 - Solving Quadratics involving Rearrangement 
· Lesson 3 Homework sheet 1






Activity
	Duration
	Activity
	Notes

	10 minutes
	Starter Activity
Lesson 3 Activity 1 

	Powerpoint presentation flashing a series of questions relating to rearranging equations.
Pupils should show their answers on mini whiteboards to allow for a quick teacher assessment of their understanding.

	15 minutes
	Students should work in small groups.  Each group is given a quadratic equation written at the centre of a large piece of paper.  The group must write their equation in as many different forms as they can think of, then present to the rest of the class.
	This activity will allow students to develop their understanding of balancing and rearranging equations.  Carefully selected groups will allow pupils to learn from each other.

	10 minutes
	Show the equation:

Ask students to solve this equation by factorising then ask their partner to check their solution(s) by substitution.
	This can lead to a good class discussion about why  and  does not work.

	20 minutes
	Lesson 3 Worksheet 1
	This is a staged worksheet from very basic rearrangement to more complex.


Further work and reading
Plenary
Introduce a question in context such as:
Two consecutive numbers multiply to make 42; how can this information be written as a quadratic equation?
Prompt students to let the smallest number be called x.  They should produce the equation 
From here, they can solve the equation to get the solutions and encourage students to check their solutions.
The fact that there are two sets of solutions will be a good eye opener for those students that shouted the answers 6 and 7 at the start.

Extension
Using quadratics with  will be a good extension task as this will further develop students’ understanding of factorising.
Preparation for next lesson
The next lesson will build on the plenary so students need to be thinking about applying their understanding to questions in context.
Homework
Lesson 3 Homework sheet 1
This covers solving quadratic equations that equal zero and that require rearrangement, as well as writing equivalent equations.
Lesson Plan
GCSE Mathematics
Solving Quadratic Equations (Lesson 4 of 6)
Introduction
Students have practised the skills of solving quadratics by factorising so should now be ready to apply these skills to questions in context.  Some questions require understanding of area, perimeter, volume and Pythagoras Theorem.
This sample lesson plan is for a lesson lasting approximately one hour.

Learning objectives
All students will accurately solve quadratic equations by factorising
Most students will form quadratic equations given some guidance and solve these accurately
Some students will independently form quadratic equations and solve these accurately

Prior knowledge needed
Forming and solving equations
Rearranging equations
Factorising quadratics
Pythagoras Theorem
Calculating perimeters, areas and volume of basic shapes.
Lesson preparation
Resources:
· Lesson 4 Worksheet 1 - Forming and Solving Equations
· Lesson 4 Activity 1 - Quadratics with Area and Volume Card Sort
· Lesson 4 Worksheet 2 - Quadratics in context Worksheet
· Lesson 4 Homework sheet 1

Activity
	Duration
	Activity
	Notes

	10 minutes
	Starter Activity
Lesson 4 Worksheet 1
	Pupils are required to create equations, simplify them then solve them in this guided and progressive starter worksheet.

	20 minutes
	Lesson 4 Activity 1
	Students must match the shape with the quadratic equation.
One sheet contains rectangles with their areas; the other sheet contains cuboids and volumes with 2 sides unknown. 

	20 minutes
	Lesson 4 Worksheet 2
	Varied worksheet introducing quadratic equations in context


Further work and reading
Plenary
Using the example , start a discussion about the fact that not all quadratics will factorise.

Extension
Questions 7 and 8 on worksheet 2 require the application of Pythagoras’ Theorem.  This is good extension work and students that are confident using Pythagoras can become the class ‘experts’ that are available to advise their peers.

Preparation for next lesson
The next lesson involves solving equations using graphs so students can prepare for this by recapping their knowledge of drawing graphs.

Homework
Lesson 4 Homework sheet 1



Lesson Plan
GCSE Mathematics
Solving Quadratic Equations (Lesson 5 of 6)
Introduction
This lesson will allow for students to check their understanding of solving quadratic equations by factorising by marking a set of completed questions.  This will lead nicely to using graphs to find approximate solutions.
This sample lesson plan is for a lesson lasting approximately one hour.

Learning objectives
All students will apply their understanding of solving quadratic equations
Most students will share this knowledge and guide peers when mistakes are seen

Prior knowledge needed
Forming and solving equations
Factorising equations

Lesson preparation
Resources:
· Lesson 5 Activity 1 - Factorising Quadratics Quick Fire Questions ppt 
· Lesson 5 Activity 2 - Student Marking Activity Blank Copy (so teacher can add own responses)  OR
· Lesson 5 Activity 3 - Student Marking Activity (Completed) Paired or group work.
· Lesson 5 Activity 4 - Quadratic Graphs Card Sort. 
· Lesson 5 Activity 5  - Plotting Graphs Template. 
· Lesson 5 Homework sheet 1









Activity
	Duration
	Activity
	Notes

	10 minutes
	Starter Activity
Lesson 5 Activity 1
	Using mini whiteboards, pupils display their answers for quick and easy assessment of understanding by the teacher.

	15 minutes
	Marking Activity.
A Completed worksheet containing a number of common errors, students are to mark the responses.

Lesson 5 Activity 2
Lesson 5 Activity 3
	Give students the activity sheet which is a completed worksheet.  Students should work through this individually at first, marking the responses and looking out for mistakes.  Once they are satisfied, they should then discuss their findings with their partner to come to an agreement on where the mistakes are.
The last question on the worksheet leads nicely into using graphs to solve equations.

	20 minutes
	Quadratic equations and their graphs.




Lesson 5 Activity 4
	Show students the graph of 
Ask students to factorise .  Discuss the roots of the graph and ensure students are happy that these correspond to the solutions had they solved the equation by factorising.

Students must match the quadratic equation to the graph by factorising the equation and looking for the graph that has the same roots.

	10 minutes
	Give an equation that won’t factorise, demonstrate plotting the graph and looking for the roots.


Lesson 5 Activity 5  
	The template can be printed onto A3 and laminated, then using dry-wipe markers it can be used more than once.

Emphasise here that the solutions found by using a graph are approximations.
Encourage students to substitute their solutions back into the equation to check.


Further work and reading
Plenary
Run through the two demonstrated methods for solving quadratic equations and ensure students are clear.

Extension
Although it is beyond the Foundation tier, this lesson is the ideal time to demonstrate the quadratic formula.  Pupils can attempt to solve some of the quadratic equations that they have previously solved by factorising to show that they can get the same solution(s).
Homework
Lesson 5 Homework sheet 1
Lesson Plan
GCSE Mathematics
Solving Quadratic Equations (Lesson 6 of 6)
Introduction
Pupils will not cover drawing quadratic graphs in this unit, only using a graph already drawn.  A basic understanding of graph plotting is needed here so students can see how coordinate points are generated.
This sample lesson plan is for a lesson lasting approximately one hour.

Learning objectives
All students will approximate solutions to quadratic equations using graphs
Most students will approximate solutions to equations that require simple re-arrangement using graphs
Some students will accurately solve quadratic equations using graphs and check their solutions using substitution

Prior knowledge needed
Recognising straight line graphs
Substituting into an equation
Lesson preparation
Resources:
· Lesson 6 Activity 1 - Straight Line Graphs. Dry wipe markers required.  Paired or group work
· Lesson 6 Worksheet 1 - Using Quadratic Graphs Worksheet
· Lesson 6 Activity 2 - Solving Quadratic Equations
· [bookmark: _GoBack]Lesson 6 Homework sheet 1 (extension)





Activity
	Duration
	Activity
	Notes

	10 minutes
	Recap recognising and naming simple vertical and horizontal lines.

Lesson 6 Activity 1
	The template can be printed onto A3 and laminated, then using dry-wipe markers it can be used more than once.

Encourage students to write down three coordinates for each line and use these to find a pattern.

	20 minutes
	Lesson 6 Worksheet 1
	Progressive worksheet starting with integer solutions.
Encourage students to check their solutions by substituting back into the equation.

	20 minutes
	Students should work in groups of 3 or 4.  Give each group a quadratic graph printed on A3 paper, they must write and solve 6 of their own equations using their graph.

Lesson 6 Activity 2
	Groups can be differentiated.  Encourage groups to check their solutions; this should give them the confidence to try to come up with different equations to solve.


Further work and reading
Plenary
Final overall summary of what students have learned throughout the topic.  Ask which other areas of maths this knowledge could be useful for.

Extension
Introduce cubic curves and approximating solutions.  Consider solving simultaneous equations with a quadratic graph and a linear graph.
Preparation for next lesson
This is the final lesson on the topic
Homework
Extension ((CONTAINS HIGHER TIER CONTENT)
Lesson 6 Homework sheet 1
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