
Inverse journeys
Students use mazes and Grid Algebra to explore the addition and subtraction of algebraic terms.
Visible learning
Learning intentions
To understand that variables are used to represent one or more numerical values.
To identify that addition is the inverse of subtraction and vice versa.
Success criteria
I can identify the inverse of a given number.
I can use inverses to calculate a variable’s original value.
I can informally solve one-step equations by using inverses.
Syllabus outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01
generalises number properties to operate with algebraic expressions including expansion and factorisation MA4-ALG-C-01
solves linear equations of up to 2 steps and quadratic equations of the form  MA4-EQU-C-01
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Activity structure
Launch
Students are to work in pairs to write instructions for moving through the maze in Appendix A ‘Maze’.
Partner 1 writes down instructions to move from the green dot to the red dot, following the given path.
Partner 2 writes down instructions to move from the red dot to the green dot, following the given path.
Students should compare their instructions. Have them discuss what they notice and what they wonder(bit.ly/noticewonderstrategy).
Teacher to randomly call on pairs to share.
This task is designed to introduce the idea of inverses or opposites. Students should notice that their instructions are the opposite of each other. For instance, when partner 1 turned right, partner 2 turned left.
Explore
1. Navigate to Grid Algebra (gridalgebra.com/free) and drag the file ‘Inverse journeys.json’ onto the grid. Visit the Grid Algebra website (gridalgebra.com/intro/overview) for more instructions on how to use the software.
Figure 1 – first 3 rows of the grid with various algebraic expressions
[image: Screenshot from Grid Algebra showing the first 3 rows of the grid with various algebraic expressions]
Image from Grid Algebra.
1. Explain to students that this grid shows where variables ended up after being taken on a journey through the grid. Can they work out where they started?
1. Use a Think-Pair-Share strategy (bit.ly/thinkpairsharestrategy) for students to discuss this question before randomly selecting students to share their thoughts.
1. Test student’s theories by clicking on the inverse button and slowly clicking and dragging the variable to the cell indicated by the students. If they are correct, the variable will return to its original form.
If students have chosen the incorrect cell, click the delete expression button (cross) and then click on the appropriate cells to remove incorrect expressions. Click on the delete expression again, to toggle off the feature, before trying again.
Figure 2 – toolbar from the Grid Algebra website
[image: A screenshot of the tool bar from the website with an arrow pointing to the left highlighted. ]
Image from Grid Algebra.
Repeat with as many variables as students need to feel comfortable with the concept.
Introduce the terminology of ‘inverse’ and explain that addition and subtraction are the inverse of each other. You could refer-back to zero pairs where 1 and (-1) were considered a zero pair because they cancelled each other out. You could now use the terminology of inverse and explain that zero pairs are the inverse of each other.
Students should then complete the worksheet from Appendix B ‘Back to the beginning’.
Summarise
Students should write ‘notes to their future forgetful self’ (bit.ly/notesstrategy) to summarise their learning from the explore section. 
Apply
Students begin to informally look at one step equations involving addition and subtraction. In each example a letter has been taken on a journey, landing on a particular numerical cell. Students are challenged to find the numerical value of the cell that the letter started on.
1. Present the following scenario to students:
‘A letter went on this journey through the grid ‘’ and landed on the cell containing the number 7.’
Challenge students to find the value of the cell the letter started from. (For instance, 4)
What if the letter finished on the cell containing the number 10? What about the cell containing the number 1?
Navigate to gridalgebra.com/free.
Watch the video Grid algebra overview (8:04) (https://bit.ly/GridAlgebraOverview) from the 5:40 minute mark, to learn how to demonstrate the above scenario using the Grid Algebra software.
Students to complete the ‘Where did I come from?’ worksheet in Appendix C. The last few rows have been left blank for you to provide students with a challenge or for them to challenge each other.

Assessment and differentiation
Suggested opportunities for differentiation
Launch
Students with low literacy skills could verbally explain their path through the maze, or use symbols to represent their path. For instance, arrows demonstrating the direction to turn.
Explore
Teachers could begin by taking a number on a journey, rather than starting with variables.
Summarise
Students may require a scaffold to help them write notes to their ‘future forgetful selves’.
Apply
Students could be challenged by landing on a cell with a fraction or decimal value.
Students who are struggling with the concept of a variable could work with numbers. For instance, ‘7 was taken on a journey by moving 3 places to the right and ended up on 10. How could he get back to his 7 cell?’
Suggested opportunities for assessment
The worksheets from Appendices B and C could be collected to check for understanding.
An exit ticket with a question from the lesson could be given to students to check for understanding.
Teachers should monitor student language during class discussions and pair/shares to check for correct terminology usage and to identify and misconceptions.

Appendix A
Maze
[image: A maze with a red line showing how to moved from the green square to the red circle. Ask your teacher for more information.]


Appendix B
Back to the beginning
Each letter in the following grids has been taken on a journey. Find the cell where it started its journey. The last few grids have been left blank for your teacher to give you a challenge or for you to challenge a friend.
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Appendix C
Where did I come from?
Can you find the number value of the cell that each letter started its journey from? The first row has been done for you. The last few rows have been left blank for your teacher to provide you with a challenge, or for you to challenge a friend.
	Journey
	Value of final cell
	Working
	Value of starting cell
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Sample solutions
Appendix B – back to the beginning
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Appendix C – where did I come from?
	Journey
	Value of final cell
	Working
	Value of starting cell
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