Unit plan example 3 ‘The gym problem’

	ALGEBRA 1

Higher

Length:

2 1/2 weeks
	The gym problem: This unit links algebraic and graphical methods to the solution of linear equations, starting with a rich task and moving on to a real life context. The learning is then drawn together by exploring the gradient and intercept properties of the graphs of linear functions, using ICT. The emphasis is on seeing connections between the algebraic and the graphical representations of the same equation by linking features of each of these to aspects of real problems. 

Phase 1 focuses on the solving of linear equations with an unknown on both sides by algebraic methods. This idea is picked up in phase 2 where the pupils are moved onto finding the intersection of two straight-line graphs to solve a real-life problem of the type: 

‘A local gym charges £5 per session or members may pay an annual fee of £100 and then pay £2.50 per session. Investigate and suggest advice you might give.’ 

Connections are made between the equation and the graph by exploring the effect of changing prices and joining fees. Phase 3 further develops the links between gradient and intercept properties of linear graphs via graph-plotting software. The final phase allows an overview of what has been learnt and an assessment opportunity.

	Learning objectives

–
Construct and solve linear equations with integer coefficients (with and without brackets, negative signs anywhere in the equation, positive or negative solution), using an appropriate method

–
Represent problems and synthesise information in algebraic or graphical form; move from one form to another to gain a different perspective on the problem

–
Construct functions that arise from real-life problems and plot and interpret their corresponding graphs

–
Understand that the form y = mx + c represents a straight line and that m is the gradient and c is the value of the y-intercept. Investigate the gradients of parallel lines and lines perpendicular to these lines
	Grade

Key to grade C



Key to grade C



C


B
	Learning outcomes

Phase 1

–
to recognise when two equations are equivalent, for example, x + 2y = 8 is the same as ½x + y = 4

–
to have strategies to solve equations such as 75 + 2t = 100 – 2t
Phase 2

–
to analyse a problem from real life and represent the solution graphically and in the form of an equation (including inequalities for some) and see the connection between the two

–
by changing aspects of the problem, to understand the effect, algebraically and graphically, on the solution to the problem

Phase 3

–
to recognise straight-line graphs, including identifying the gradient and intercept from the algebraic form and using this information to sketch and compare different graphs

	Prior knowledge

–
to be able to solve simple linear equations with an unknown on one side

–
to be able to substitute values into a linear equation
	Key mathematical terms and notation 

equation, variable, coefficient, constant, expression, equivalent, solution, linear, y = mx + c, gradient, intercept, intersection, implicit, explicit, simultaneous equations, inequality

	What comes next – connections to other topics and units

–
generate points and plot graphs of linear functions (y given implicitly in terms of x), for example, ay + bx = 0, y + bx + c = 0
–
simultaneous equations, algebraic and graphical solutions
–
inequalities
–
scatter diagrams and lines of best fit
Cross-curricular link to science project (using gradient and intercept of line of best fit to derive formula).


	How will this be phased?
	How will the pupils learn?
	How will the learning emerge?
	How will this be adjusted?
	Notes

	Phase 1


Clouding the picture


Generating equivalent equations

–
solving linear equations with an unknown on both sides
	Assessment activity
Starter or part of a longer activity

Pupils sort a given set of equations into those that they feel are hard and those that are easy to solve.

Main activity: ‘Clouding the picture’

Model development of clouding picture.

Start with 2x + y = 5 and 2x + y + 1 = 6 (use two unknowns as pupils should not be able to solve by inspection). Establish idea of equivalence.

Activity in pairs: Start with 9 = 4x + y, working on sugar paper. How many branches can you find?
Class discussion: Share ideas. Pick up misconceptions.

Apply and consolidate
Look at examples of equations with single unknown on both sides.

Practise and consolidate with level 6 test questions and reference to textbook exercises.
	Why are these easier to solve? What aspects are important? Why are these harder?
Draw out key vocabulary.

What is the same, what is different, how would this branch continue? Can you generalise? (What does this mean?) What else could we have done?
Pupils establish rule for each branch.

What is your rule? What can you say about each of the expressions? (equivalent).
Refer back to equations from assessment activity and establish how harder ones are transformed to easier ones.

Discuss which changes to make.
How do you know the transformed expression is equivalent?
Check with substitutions.
	More difficult selections, including brackets.

Starting point may include brackets.
	On board, or card-sort in pairs.


Whiteboards for class discussion.

See key lesson plans (Di and Janet strategy video lesson) here.










Access to textbooks and level 6 KS3 test questions.


	How will this be phased?
	How will the pupils learn?
	How will the learning emerge?
	How will this be adjusted?
	Notes

	Phase 2

The gym problem

Investigating a real-life context – making the connection between solving linear equations algebraically and graphically.
	Investigation

Introduce problem:

’A local gym charges £5 a session or members may pay an annual fee of £100 and then pay £2.50 per session.’ 

What would you advise? 

Pairs or small groups investigate and prepare a presentation. 

Presentations: 

Choose one or two well-developed presentations that focus on different key points.

Develop problem further: 

Investigate the effect of changes to different aspects of the problem on the equations, their graphs, the point of intersection and algebraic solution. Establish why it’s a straight-line graph (equal steps – cost per session).
	How are you going to break the problem down? What maths are you going to use? What is the best way to present your findings? What are you basing your choice on? How could this be expressed algebraically? How do the graphs help you? How does each part relate to the problem?

Focus on establishing the meaning of the variables (s = number of sessions and C = total cost per year, in £) and thus the meaning of the intersection of, say, C = 5s and C =100 + 2.5s and its connection with the solution of 5s = 100 + 2.5s. 

What would happen if...? 

The annual fee changes, for example, it goes up to £120: 

–
How does this affect your choice? 

–
What happens to the position of the graph? 

–
How is it expressed algebraically? 
The cost per session changes, etc. 

Draw out the connection between 

–
steepness (gradient), the variable cost in the problem and the coefficient of x in the equation; 

–
the intercept on the graph, the fixed-cost part of the problem and the constant in the equation.
	Relate expressions with inequalities to parts of graph.
Here are some expressions and equations – what could the problem be?

Pupils develop similar problems of their own, for example, mobile phone charges.
	Pupils may choose to present conclusions by using graph-plotting software but must be able to justify the links between the graph and the algebra.


	How will this be phased?
	How will the pupils learn?
	How will the learning emerge?
	How will this be adjusted?
	Notes

	Phase 3 

Features of functions 

Using ICT to explore gradient and intercept properties of 
y = mx + c
	Explore graphs of linear functions, using graph-plotting software 

Demonstrate to whole class, using graph-plotting software. Use the context of the gym problem C = 5s and C = 2.5s + 100 to generalise the form of any explicit linear function y = mx + c and make connections. Explore and interpret negative gradient and intercept. 

Possible extension 
Give gradient and intercept of graphs stated implicitly. 

What sort of graph do you think will be given by y – 3x = 4, 3x + 2y = 6 etc. What equivalent forms of these would be more useful?
	Set challenges on the graph-plotter for pupils to work on, in pairs, asking them to generate sets of straight-line graphs that:
–
are parallel
–
go through a given point
–
have the same intercept
–
match this pattern on the screen.

Why do they have that feature in common?
What’s the same, what’s different?
What could that mean in a real-life context?

Refer back to the 'Clouding the picture' activity and the notion of equivalence. Graph several forms of the same equation to convince pupils of their equivalence. 

Establish strategies for transforming any equation into the form y = mx + c. 

Why is it helpful to write the equation in this form?
	Can you plot a graph that is perpendicular to this one?

Generalise.

Optional, as extension for some groups.
	Graph-plotting software for whole-class discussion, for example, Interactive whiteboards or a projector for a laptop. 

Access for paired work, for example, an ICT room or laptops.

	Phase 4 

Review of learning and assessment.

Matching activity and making a poster
	Activity: Matching cards 

Pupils work in small groups matching cards that include graphs, equations, tables, coordinates, gradient, intercept, word problems. 

Assessment tasks: 

Pupils produce their own sets of representations in different forms for a particular pair of intersecting straight-line graphs, including a real-life problem in the form of a poster. 

GCSE questions
	Give reasons for matching, justifying and explaining. This may be followed up by writing up some connections. 

Emphasise use of correct vocabulary.

Teachers follow up on any misconceptions, errors or interesting or unusual examples shown. 

Make links to further work in maths and cross-curricular applications. 
	Cards could also be used as ‘’Wise words’ activity.

Pupils write up statements to explain connections.  
	Store cards produced to use next time this unit is taught and for revision for this class.


Mathematics planning toolkit: Key Stage 4
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