
Vector notations
Students compare different vector representations, investigate how ordered pairs or triples, column vector notation and component form express the same vector in different ways, and practise converting between representations to build fluency and precision.
Students will need at least one digital device per pair to interact with GeoGebra during this lesson.
Learning intention
To understand different notations for representing vectors.
Success criteria
I can define the standard perpendicular unit vectors  and  in two dimensions (2D) and ,  and  in three dimensions (3D).
I can identify and write 2D vectors as ordered pairs, column vectors and in component form. 
I can identify and write 3D vectors as ordered triples, column vectors and in component form. 
I can translate between different vector notations.


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
Introduction to 2D and 3D vectors
Define the standard perpendicular unit vectors  and  in two dimensions and ,  and  in three dimensions
Express 2D vectors in component form, ; as an ordered pair, ; and in column vector notation 
Express 3D vectors in component form, ; as an ordered triple, ; and in column vector notation 
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Use slides 4 and 5 of the PowerPoint Vector notations to show 3 descriptions of 2D movement and 3 descriptions of 3D movement. Students discuss if each set of descriptions represents the same movement and identify the clearest. Students write the movement as ordered pairs/triples and in column vector notation. 
	Think-Pair-Share 
Mini whiteboards
	Students recall expressing 2D and 3D vectors as ordered pairs/triples and column notation.

	Connecting learning
	Display slide 7 to reveal the ordered pair/triple and column notation for previous movements. Animate to reveal a third notation and prompts for class discussion. Students use GeoGebra (bit.ly/Ext1Unit1Vectors) to investigate vector notation further. Return to the slide 7 prompts for additional discussion.
	
	Students begin to understand connections between ordered pairs/triples and unit vectors , ,  and recognise component form as the sum of perpendicular components.

	Releasing responsibility
	Use slides 9–10 to define the standard perpendicular unit vectors and display the NESA definition on slide 11. Students complete Appendix A. Display slide 12 to explore 3 vector notations and discuss why multiple notations exist. Students annotate Appendix A with key definitions and reasons for different notations.
	Pose-Pause-Pounce-Bounce
Notes to future forgetful selves
	Define the standard perpendicular unit vectors. Students articulate the definition of ‘component form’ and understand reasons for multiple vector notations.

	Independent practice
	Distribute Appendix B for pair work. After completion, pairs discuss answers with another pair and negotiate reasoning. Students then add to their notes from earlier in the lesson.
	Notes to future forgetful selves
	Students apply knowledge and deepen understanding through peer discussion, then consolidate learning with annotated notes.
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Activity structure
Please use the associated PowerPoint Vector notations to display images in this lesson.
Activating prior knowledge
1. Display slide 4 of the PowerPoint, which shows 3 descriptions for 2D movement.
1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students:
Are all people describing the same movement?
Which description is the clearest?
On the left half of a mini whiteboard (bit.ly/miniwhiteboards) or page in their workbook, have students write the movement as an ordered pair and in column vector notation.
Students expressed 2D vectors using ordered pairs and column vector notation in Lesson 1 – vectors in 2 dimensions.
1. Display slide 5, which shows 3 descriptions for 3D movement.
1. In a Think-Pair-Share, ask students:
Are all people describing the same movement?
Which description is the clearest?
On the right half of their mini whiteboard or page in their workbook have students write the movement as an ordered triple and in column vector notation.
Students expressed 3D vectors using ordered triples and column vector notation in Lesson 2 – vectors in 3 dimensions.
Connecting learning
1. Display slide 7, which shows the 2 movements from the ‘Activating prior knowledge’ section as an ordered pair or triple and in column vector notation.
Animate slide 7 to reveal a third way to represent 2D and 3D movements and allow students time to consider them.
Animate slide 7 again to reveal 3 guiding questions to initiate a class discussion.
Component notation will be formalised in the ‘Releasing responsibility’ section of the lesson.
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 3 – Vector notations’.
Instruct students to complete ‘Activity 1: 2D unit vectors and component form’ and ‘Activity 2: 3D unit vectors and component form’, following the instructions on the screen and answering the questions.
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.
Return students’ attention to the guiding questions on slide 7 to prompt reflection and discussion based on their discoveries in the GeoGebra activities.
Students should recognise that the ,  and  values in the ordered pairs or triples connect to the coefficients of ,  and  in component form. They may also observe that ,  and  indicate the direction of each component, ,  and  respectively. Component form is written as a sum of the perpendicular components:  and  in 2D, and ,  and  in 3D. This helps us understand both the direction and the magnitude of a vector and makes calculations and visualisation easier.
Releasing responsibility
1. Display slides 9–10 to define the standard perpendicular unit vectors  and  in 2D and standard perpendicular unit vectors ,  and  in 3D respectively. 
Display slide 11 to present the definition of component form to students (NESA 2024).
Distribute Appendix A ‘Expressing vectors’ for students to complete.
Display slide 12, which shows the 3 different vector notations. Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) to ask students to consider why we have different ways to express vectors. Possible prompts could include:
What does each representation show?
What are the advantages or disadvantages of each representation?
Animate the slide to reveal answers. 
Have students annotate Appendix A with notes to their future forgetful selves (bit.ly/notestofutureself), summarising:
why there are different notations
the definition of ‘component form’ in their own words.
Independent practice
1. Distribute Appendix B ‘Vector statements’ for students to complete in pairs. When complete, pairs should discuss their reasoning with another pair, negotiating if their answers differ.
1. Following the discussions, have students add to the notes they created earlier in the lesson.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Offer a partially completed example of ordered pairs/triples and column vectors for reference on mini whiteboards. 
Challenge students to write vector expressions for less straightforward movements or to convert verbal descriptions into vector notation independently.
Connecting learning 
Encourage students to explore and manipulate the GeoGebra applets further to discover additional properties or relationships between vector components.
Have students pose higher-order ‘what if’ questions about vectors in higher dimensions or different coordinate systems.
Releasing responsibility
Ask students to create their own vector notation examples and explain why using multiple notations could be beneficial. 
Challenge students to consider and articulate situations in mathematics or physics where different notations might be more advantageous. 
Independent practice
Provide sentence frames for articulating reasoning when discussing answers with another pair.
Encourage pairs to justify their answers rigorously and explore alternative valid answers or counterexamples. 
Ask students to create additional vector statement problems for peers to solve. 

Suggested opportunities for assessment
Activating prior knowledge 
Observe mini whiteboards during the ordered pair and column vector notation writing; note accuracy and misconceptions.
Listen to student reasoning during Think-Pair-Share discussions to assess conceptual understanding of equivalence and clarity of vector descriptions.
Connecting learning 
During the whole-class discussion using the prompts on slide 7, check for correct connections between components and unit vectors via student contributions. 
Use Lesson Overview in GeoGebra Classroom for live updates on students’ progress and Task Overview to see student answers.
Releasing responsibility
Use students’ responses in class discussions to gauge students’ reasoning about the purpose and advantages/disadvantages of different vector notations.
Review students’ annotations for conceptual understanding and ability to summarise the key definitions and reasons for multiple notations.
Independent practice
Circulate during paired discussions to listen for depth of reasoning and accuracy, record observations on student understanding and misconceptions.
Review the completed appendices and notes for completeness and correctness, providing feedback aimed at clarifying any misunderstandings before moving on.



[bookmark: _Appendix_A]Appendix A 
Expressing vectors
Fill in the missing information. The first row has been completed for you.
	Ordered pair or triple
	Component form
	Column vector notation
	Sketch
	Description of the movement

	
	
	
	[image: Graph of the vector a = (−4, 2, 2) as a 3D coordinate system diagram illustrating vector ‘a’ originating from origin and extending into positive z and negative x directions. Axes labelled x, y, z with grid lines and tick marks ranging from −4 to 4, highlighting vector’s position in space. ]
	Move -4 in the -direction, 2 in the -direction and 2 in the -direction.

	
	
	
	
	

	
	
	
	


	

	
	
	
	

	

	
	
	
	
	Move 6 in the -direction, 0 in the -direction and -2 in the -direction.
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Vector statements
State whether you agree or disagree with each statement. Explain using mathematical reasoning and/or diagrams.
	
	Statement
	Agree or disagree
	Reasoning

	1
	Move 5 right and 2 up describes the vector .
	
	

	2
	The vector  starts at the origin.
	
	

	3
	The vector  is parallel to the y axis.
	
	

	4
	The vector  is a 2D vector.
	
	

	5
	The vector  changes if you move it to a different location.
	
	

	6
	The vector  is on the -plane.
	
	

	7
	 is equivalent to .
	
	

	8
	The vector  has the same length in the -direction as the vector .
	
	

	9
	The vector  is vertical. 
	
	

	10
	 is equivalent to .
	
	

	11
	 is equivalent to .
	
	




Sample solutions 
Appendix A – expressing vectors
	Ordered pair or triple
	Component form
	Column vector notation
	Diagram
	Description of the movement

	
	
	
	[image: Graph of the vector a = (−4, 2, 2) as a 3D coordinate system diagram illustrating vector ‘a’ originating from origin and extending into positive z and negative x directions. Axes labelled x, y, z with grid lines and tick marks ranging from −4 to 4, highlighting vector’s position in space. ]
	Move -4 in the -direction, 2 in the -direction and 2 in the -direction.

	
	
	
	[image: Vector b = (3, −1) of a vector labelled ‘b’ on a grid background, showing direction from upper left to lower right. The vector is represented by a black arrow with a label positioned near its midpoint.]
	Move 3 in the -direction, -1 in the -direction.

	
	
	
	[image: Graph of vector c = 3i − j + 5k, a 3D coordinate system diagram illustrating vectors along the x, y and z axes with labelled grid lines from −3 to 4. Vector c is shown originating from the origin, with dashed lines projecting its components onto the x, y and z planes, highlighting spatial relationships.]
	Move 3 in the -direction, -1 in the -direction and 3 in the -direction.

	
	
	
	[image: Vector d = (−4, 2). Diagram showing a single diagonal arrow labelled ‘d’ pointing from the bottom right to the top left on a grid background. The arrow illustrates direction and distance within a coordinate plane context.]
	Move -4 in the -direction, 2 in the -direction.

	
	 
or 
	
	[image: graph of vector e=(6,0,-2)]
	Move 6 in the -direction, 0 in the -direction and -2 in the -direction.



Appendix B – vector statements
	
	Statement
	Agree or disagree
	Reasoning

	1
	Move 5 right and 2 up describes the vector .
	Agree 
	Always true. Column vector notation represents displacement where a positive value defines movement to the right and positive  value defines movement upwards. 

	2
	The vector  starts at the origin.
	Disagree 
	This is only true if it is a position vector.

	3
	The vector  is parallel to the y axis.
	Disagree 
	 is parallel to the -axis.

	4
	The vector  is a 2D vector.
	Disagree

	Geometrically, the vector is 2D on the -plane, however, it exists in a 3D space and could be expressed as vector .

	5
	The vector  changes if you move it to a different location.
	Disagree 
	Vectors do not change with location. They retain the same magnitude and direction.

	6
	The vector  is on the -plane.
	Disagree 
	Presence of standard perpendicular vectors and means it is on the -plane.

	7
	 is equivalent to .
	Disagree 
	If the context is given as 3D, then this is true. However, if the context is given as 2D, then this is not true.

	8
	The vector  has the same length in the -direction as the vector .
	Agree
	Always true as the -components are equivalent.

	9
	The vector  is vertical. 
	Disagree 
	It is in the direction of the -axis but depending on the orientation of the axes, this might not be vertical.

	10
	 is equivalent to .
	Disagree 
	Missing the -component of 1.

	11
	 is equivalent to .
	Disagree 
	The components are in the reverse order. If the context is given as 3D, then it could be the vector .
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