
Addition and subtraction of vectors
Students recognise addition and subtraction of vectors using real-world contexts. They represent the addition of vectors graphically and add and subtract vectors algebraically, including problems involving multiplication by a scalar.
Students will need at least one digital device per pair to interact with GeoGebra during this lesson.
Learning intention
To be able to perform addition and subtraction of vectors.
Success criteria
I can represent vector addition graphically.
I can add vectors algebraically in component form.
I can subtract vectors algebraically in component form.
I can solve vector problems involving multiplication by a scalar.

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
operates with 2D and 3D vectors and uses 2D vectors to solve problems involving motion in two dimensions ME1-12-02
Content
Operating with vectors
Perform addition and subtraction of vectors algebraically in component form, and verify, with and without graphing applications, that geometrically these are obtained using the triangle law or the parallelogram law
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Play the video ‘One-Touch Tiki Taka Passing Drill: Finish Like a Pro | Soccer Exercises’ (1:34–2:04) (bit.ly/TikiTakaDrill) to anchor the idea of movement and displacement in the familiar, dynamic context of soccer. Using Appendix A, students represent each pass in component form. 
	Pose–Pause–Pounce–Bounce
	Students learn that multiple passes can be summarised as a single total movement vector, reinforcing that vectors describe displacement and not the path.

	Connecting learning
	Return students to Appendix A to determine the single vector from player A to player G and interpret this as the resultant vector. Display slide 4 of the PowerPoint Additional and subtraction of vectors to compare component sums with the resultant vector to recognise how addition works in component form. Students explore vector addition and subtraction using GeoGebra (bit.ly/Ext1Unit1Vectors) and Appendix A.
	Pose-Pause-Pounce-Bounce
	Students recognise that the order of addition does not affect the resultant vector and establish the geometric meaning of vector addition and subtraction.

	Releasing responsibility
	Use slides 6–9 to model worked examples to formalise addition and subtraction of vectors. Students complete Appendix B, applying vector operations involving component form (vectors are provided on slide 10 and in the appendix). Students complete Appendix C to develop understanding before creating notes to summarise vector addition and subtraction in 2D and 3D.
	Worked examples (Your turn)
Visibly random groups of 3
Vertical non‑permanent surfaces
Notes to future forgetful selves
	Students formalise the mathematical procedures and are provided with structured practice so they can confidently apply vector addition and subtraction across different notations and contexts.

	Independent practice
	Use slides 12–15 for students to explore Open Middle-style vector problems, generating multiple valid solutions and discussing their reasoning. Students complete Appendix D to apply vector addition and subtraction to contextual situations before returning to their notes to add any new insights or strategies. Students use the scaffold on slide 16 to assist in planning their solutions.
	Turn and talk
	Students apply vector operations flexibly and creatively to consolidate and deepen understanding.
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Activity structure
Please use the associated PowerPoint Addition and subtraction of vectors to display images in this lesson.
Activating prior knowledge
1. Show the video ‘One-Touch Tiki Taka Passing Drill: Finish Like a Pro | Soccer Exercises’ (bit.ly/TikiTakaDrill) (from 1:34–2:04) to show a soccer passing drill.
1. Distribute Appendix A ‘Soccer passes’ in a plastic sleeve to pairs of students. The appendix shows the location of 7 soccer players on a field. Ask students to draw vectors to represent the 6 passes in component form.
Ensure that students understand that the vectors represent the displacement (or change in position) of the ball between each pass, not the actual path or location of the ball.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) to ask students how we can describe the total movement of the ball if we only know each pass’s direction and distance. Prompts could include:
What information makes a pass unique or different from another pass?
Explain why the direction of the vector is important.
Is there a way to summarise all these passes with just one vector? If so, how is that useful in sport or maths?
Connecting learning
1. Return students’ attention to Appendix A and ask students to draw a single vector from player A to player G and represent it in component form.
1. Display slide 4, which shows all the vectors including the vector AG. Ask students what they notice about the relationship between the 2 tables and the soccer passes.
The vector AG represents the overall or total displacement of the ball from player A to player G and is equivalent to the sum of the smaller movements between players A and G.
1. Inform students that the vector AG is called a resultant vector, as it represents the total or sum of 2 or more vectors.
1. Ask students in their pairs:
Using the vectors you have written earlier for each individual pass, add all the -components and compare them with the -component of the total displacement vector. What do you notice?
Using the vectors you have written earlier for each individual pass, add all the -components and compare them with the -component of the total displacement vector. What do you notice?
Students should recognise that the 6 previous -components sum to the -component of the  displacement vector and similarly the 6 -components sum to the -component of this total displacement vector.
With at least one device per pair, direct students to the GeoGebra book ‘Extension 1 – Unit 1 – Vectors’ (bit.ly/Ext1Unit1Vectors) and instruct them to use the Table of Contents to navigate to ‘Lesson 5 – Addition and subtraction of vectors’.
This GeoGebra book contains the activities for all lessons in Unit 1 – Vectors.
You may choose to assign this book or any individual activity to students as a Lesson through GeoGebra Classroom (bit.ly/LearnGeoGebraClassroom).
GeoGebra Classroom provides the opportunity for immediate feedback as well as tailored feedback from the teacher. Use Lesson Overview for live updates on student progress and navigate to each task to see student answers.
Lessons can be paused at any time to interrupt the work of students to explain certain tasks, return focus to the classroom or limit student access outside class time.
Instruct students to complete ‘Activity 1: soccer vectors’, where they will arrange vectors and answer the questions below the applet.
Students will discover that the order of addition does not affect the overall total movement.
Show student responses using the teacher view in GeoGebra to compare different responses.
Students return to Appendix A and answer the questions on the second page.
The soccer field and players in Appendix A are identical to those shown in ‘Lesson 5 Activity 2’. 
After completing the questions, instruct students to progress to ‘Activity 2: vector addition and subtraction’ and use the check boxes in the GeoGebra applet to reveal the vectors and check the accuracy of their answers, making any necessary corrections.
Use the Pose-Pause-Pounce-Bounce questioning strategy to have students explain in their own words:
How do you add and subtract vectors?
Why are vectors placed tip to tail when adding vectors?
What changes when you subtract instead of adding a vector?
How does adding a negative vector relate to subtraction? 
Releasing responsibility
1. Use slides 6–9 from the PowerPoint to model worked examples of addition and subtraction of vectors using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy) to complete the banner task questions from Appendix B ‘Banner task’ (bit.ly/supportingstrategies) using the vectors on slide 10.
The vectors are also available on the second page of Appendix B to print for students to display at the top of their vertical non-permanent surfaces if required.
The syllabus specifies addition and subtraction using component form. Markers’ feedback from the Mathematics Extension 1 (2017) syllabus indicates that successful exam responses commonly used column vector form. Students could be extended by considering the addition and subtraction of vectors in other notations.
Have students complete Appendix C ‘Missing values’ to solve problems that involve finding components of a vector given the resultant vector.
Students are to create notes to their future forgetful selves (bit.ly/notestofutureself) that summarise addition and subtraction of vectors. Notes should include addition and subtraction of both 2D and 3D vectors.
Independent practice
1. Display slide 12 and ask students to find as many solutions as possible.
1. Prompt students to turn and talk (bit.ly/classroomtalkmoves) to discuss:
their reasoning for their choice of numbers
how they checked their solutions
if there is more than one solution and explain why.
Display slide 13 which shows 2 possible solutions.
1. Display slide 14 and repeat steps 1–3, using slide 15 to display a possible solution.
1. Use slide 16 to review the Approaching questions scaffold.
1. Distribute Appendix D ‘Problem solving’ for students to individually practise applications of addition and subtraction of vectors within a context. 
1. Direct students to add any relevant details to their earlier notes.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Support students by providing a partially completed example of one soccer pass in component form.
Extend students by encouraging them to use a variety of vector notations throughout the lesson.
Challenge students to represent each pass in 2 different notations and compare their usefulness.
Connecting learning 
Support students by offering prompt cards such as ‘What does the ‑value tell you?’ or ‘How does reversing the direction change the vector?’ to guide comparison of components.
Challenge students to explore additional passes and determine whether any subsets of passes produce the same resultant vector.
Releasing responsibility
Support students by providing a scaffold for their notes to future selves.
Extend students by using a variety of notations for the vectors used in the banner task.
Challenge students by asking them to create an addition or subtraction question for a partner to solve.
Independent practice
Support students by providing a scaffold such as partially completed equations or vector diagrams for learners who need support generating multiple solutions.
For the Open middle problems on slides 10–11 of the PowerPoint, modify the question for students to use integers from −9 to 0.


Suggested opportunities for assessment
Activating prior knowledge 
Circulate while students convert passes into vectors to check whether they correctly interpret displacement rather than position.
Listen for the correct use of directional language. For example, ‘3 right and 2 up’ when students describe passes.
Connecting learning 
Monitor whether students correctly identify that the sum of the ‑components equals the ‑component of the resultant vector (and similarly for ‑components).
Listen to explanations during GeoGebra activities to assess whether students can describe how vector movement changes when adding or subtracting.
Releasing responsibility
Collect Appendix C as evidence of student understanding of finding the missing value in an addition or subtraction question.
Observe student responses while completing the Banner task to assess student understanding of addition and subtraction in component form.
Independent practice
Collect Appendix D as evidence of student understanding of interpreting questions and solving problems.
Ask students to describe how they checked their solutions to identify whether they understand the structure of vector addition and subtraction.


[bookmark: _Appendix_A]Appendix A
Soccer passes
Points A to G represent the locations of 7 players about to complete a set of passes. Player A passes to Player B who passes to Player C and so on.
Represent the 6 individual passes between the consecutive players using component form.
[image: Aerial view of a soccer field overlaid with a grid and seven labeled points (A to G) positioned across different field areas. The layout highlights spatial distribution of points, with clusters near both goals and midfield, useful for tactical analysis or player positioning.]


GeoGebra Lesson 5 Activity 2 questions
1. List the components of the vectors ,  and .
1. Draw the vectors to show the addition of the vectors  and find the resultant vector in component form.
1. By comparing the addition of the separate components of each vector to the components of the resultant vector , explain in your own words how to add vectors.
1. List the individual vectors in component form and draw the resultant vector for . Describe how the resultant vector is the same as and different from vector .
1. Compare the vectors  and  by drawing them and algebraically finding the resultant vector for .
1. Compare the vectors  and  by drawing them and algebraically finding the single vector that represents .
1. Explain in your own words how to subtract vectors.

[bookmark: _Appendix_B]Appendix B
Banner task
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[bookmark: _Appendix_C]Appendix C
Missing values
	Question
	Answer

	If , find . 
	

	If , find .
	

	If , find  and .
	

	If , find ,  and .
	

	If , find ,  and .
	

	If , find ,  and .
	

	If , find ,  and .
	


[bookmark: _Appendix_D]Appendix D
Problem solving
1. Solve the following problems using simultaneous equations.
Given  and , find  and  such that 
Given , , and , find  and  such that 
1. A boat race is split into 3 legs:
Leg 1:  km
Leg 2:  km.
1. What is the vector for the third leg which would result in the boats ending where they started?
1. The second placed boat breaks some equipment halfway down the third leg. The rescue boat comes from the finish line to give them a tow in. What vector does the rescue boat need to take?
1. An extreme triathlon has a route that involves a swim, bike and an uphill run. The staging zone for athletes is at the origin. A drone follows the athletes on the following legs to gain optimal coverage. 
First, it travels  km.
Then, it moves  km.
The landing pad is given at  What is the last vector it needs to take?
A laser cutter is given the following points to use for cutting a shape in a continuous direction returning to the start point. A (2,1), B (5,1), C (7,3), D (5,5), E (2,5), F (0,3).
1. Find the components of each vector.
Explain why the overall resultant movement is a zero vector.
Sample solutions
Appendix C – missing values
	Question
	Answer

	If  find . 
	

	If , find .
	

	If , find  and .
	

	If , find ,  and .
	

	If , find ,  and .
	

	If , find ,  and .
	

	If , find ,  and .
	




Appendix D – problem solving
1. 
1. Component equations:
Rearrange 
Substitute into 

Substitute into 

Solution: , 
Component equations:

Rearrange :
Rearrange 

Substitute into 

Substitute into 

Substitute into 

Solution: , 

1. To return to the start
Leg 3: 
Rescue boat travels vector 
Vector to the landing pad: 

Vector to the landing pad 
A , B , C , D , E , F 
1. , , , , , .
1. The overall movement is the zero vector as it returns to the beginning.
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