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y - x = 4
	Topics: 

	Substitution
Rearrangement

Graphs

Coordinates

Gradients
	Operations with negative numbers 
3-d coordinates

History of algebra
Trigonometry: tangent ratio

Similar Triangles
Pythagoras’ Theorem


Teachers might prefer to start with y = x – 4 if they hope the inquiry will focus on the intercept and gradient of a straight line. The advantage of y – x = 4 for lower ability students (especially at Key Stage 3) is that it immediately suggests the substitution of numbers for x and y, which then become coordinate pairs. This inquiry can be enhanced by the use of a graphing software package or graphical calculators.
Responses to the prompt have included:
· Substitution: ‘y could be 6 and x is 2’, and so on.

· Rearrangement: By substituting numbers for the variables, Year 8 students have found y - 4 = x and y = x + 4.
· Graphs: ‘x and y are axes’ and ‘you could put numbers for x and y on a graph’; ‘they make a straight line’ and ‘if you draw a graph using numbers for x and y, you could find the angle of the line’.
· Negative numbers: ‘What would happen if y is 3?’, and ‘It doesn’t work when y is 0 and lower down.’
· Algebra: ‘Where does algebra come from?’, ‘why was algebra “invented”?’ and ‘why do you use x and y to stand for numbers?’
In response to the teacher’s self-question ‘I wonder what would happen if I changed something in this equation?’, comments and queries have included:

· Constant: ‘Change the 4 to another number.’
· Coefficient: ‘What happens if you put a number in front of the x, like 2x – y = 4?’
· Symbol: ‘Change the sign to add… or multiply.’
· Add another variable: ‘Could you use z as well?’ (giving, for example x + y + z = 6).
What could we do now?
Most classes have chosen to work on this prompt in small groups or pairs on different lines of inquiry. In such circumstances, the teacher has required each group to make a presentation of their findings to the rest of the class after three or four hours of inquiry. Examples of the content of reports include:
Plotting coordinates on a graph
An inquiry focussing on the search for a list of pairs of values for x and y
that can be used as coordinates to plot a straight line. This has also led to speculations on what happens to x when y is less than 4, and values for x and y in the second, third and fourth quadrants. (Students below National Curriculum level 3 have chosen to practice plotting coordinates by devising a short list of instructions to draw a shape in one or two quadrants.) If y is given a value less than 4, then x is less than zero. If y = 3, for example, x would be  -1. The subtraction of negative numbers can be developed from a ‘pattern’ of values:
	x
	y
	y – x = 4

	5
	1
	5 – 1 = 4

	4
	0
	4 – 0 = 4

	3
	-1
	3 – (-1) = 4

	2
	-2
	2 – (-2) = 4

	1
	-3
	1 – (-3) = 4


Changing the constant

An inquiry into how and why the straight line is transformed if 4 is changed systematically to 5, 6, and then 3, …, 0, -1 and so on. 
Changing the symbol to add
An inquiry into how and why the graph of y – x = 4 is different to y + x = 4.
Changing the symbol to multiply

An inquiry into xy = 4 and similar equations, and plotting points (including decimals) on x-y axes. Key Stage 3 students normally need to be shown that the product of two negative numbers is positive to demonstrate a full solution set. 
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Dynamic graph sketching software (like Omnigraph) can enhance the inquiry by giving immediate feedback on students’ ideas. 
Changing the coefficient of x
An inquiry into a how the graphical representation of a ‘family’ of equations changes as the coefficient of x changes. An example of a ‘family’ that has arisen is x – y = 4 (adapted from the original prompt perhaps through an error in copying), 2x – y = 4, 3x – y = 4 and so on. 
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Straight lines plotted on the MicroSmile graphing package. Notice that the ‘input’ is changed to a standard ‘equation’. This can assist in a separate inquiry into rearranging the equation.
Comparing the angle and gradient of a line
An inquiry into how changing the coefficient of x changes the angle of the line to the horizontal, and then comparing the angle and gradient of a line. For example, y = 3x + 1 has a gradient of 3 and an angle of 72º (accurate to the nearest whole number) to the horizontal. This could lead into the tangent ratio to find the angle of elevation (see mathematical notes).
Rearranging Equations
An inquiry into rearranging equations developed, in one notable case, out of the orientation phase of a Year 8 mixed ability lesson. Two able students suggested that y – x = 4 could be rearranged into y – 4 = x and y = x + 4. Their method, one explained, had been to substitute the values y = 6 and x = 2 into the ‘original’ to get 6 – 2 = 4, which they then rearranged to give 6 – 4 = 2 and 6 = 2 + 4. They then manipulated y – x = 4 in the same ways. The teacher confirmed their belief that algebraic manipulations follow the same rules as arithmetic changes. 

During a class discussion later in the inquiry, another student, who had been making up similar equations and rearranging them by substitution, asked if ‘there is a way of doing it without numbers’. When the teacher asked for clarification, she went on to request ‘a rule for changing the letters’. On ascertaining that no student could offer an answer, the teacher went onto demonstrate the ‘chain’ (inverse operations) and balance methods to rearrange 5y – x = 6, an equation put forward by another group working on graphing the straight line:
	‘Chain’ method
	Balance method

	5y - x = 6

y                                             6
                                               
   y                                             6 
y = 
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Subsequently, groups went on to include one or both methods in the final report on their inquiry. One would go on to comment on the common operations in the balance method with the second ‘chain’. 
Using a third variable

An inquiry into the three-dimensional representation of, for example, x + y + z = 6. Students have started by looking into how they would represent the coordinate (2, 3, 1) and built on other coordinates to find parts of a shape defined by the equation. 
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