
Vectors in two dimensions
Students consider the movement of objects to associate vectors with directed line segments and use notation for vectors in two dimensions (2D). They represent vectors graphically and express 2D vectors as an ordered pair.
Students will need at least one digital device per pair to interact with GeoGebra during this lesson.
Learning intention
To be able to represent 2D vectors graphically.
Success criteria
I can define a vector as a quantity having both length and direction.
I can use vector notation, including ,  and . 
I can describe a vector using length, direction and position.


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
Vector representation and notation
Define a vector as a quantity having both magnitude and direction
Associate vectors with directed line segments and recognise that a vector may have many directed line segments associated with it
Identify and use notation for vectors in both two dimensions and three dimensions, including ,  and , where  is the vector with magnitude and direction those of the directed line segment from  to 
Describe a position vector as a vector with its tail at the origin
Represent vectors graphically with and without graphing applications
Recognise and use the fact that two vectors are equal if they have the same magnitude and direction to solve problems
Introduction to 2D and 3D vectors
Use Cartesian coordinates to represent points in 2-dimensional (2D) and 3-dimensional (3D) space with and without graphing applications
Define the zero vector , written as , as the vector with zero magnitude and no direction
Define unit vectors as vectors of magnitude 1
Recognise  as the vector associated with the directed line segment from the point  to  in two dimensions
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students use slide 3 from the PowerPoint Vectors in 2 dimensions to consider different ways to describe the movement of a boat, recalling the concept of a directed line segment. 
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	Students connect ideas about movement to formal mathematical representations before new terminology is introduced.

	Connecting learning
	Students use Appendix A to draw boat paths, describe movements and analyse patterns. Use slide 5 to compare 3 different geometrical representations and define a vector as a quantity having both magnitude and direction. The learning intention and success criteria are revealed on slide 6. Students find vectors as ordered pairs in GeoGebra (bit.ly/Ext1Unit1Vectors) ‘Lesson 1 Activity 1’, sharing strategies for identifying direction and displacement.
	Pose-Pause-Pounce-Bounce
	Students connect concrete drawings to symbolic notation, strengthening their understanding of horizontal and vertical change. This is reinforced by the digital activity which transitions understanding from movement to ordered pairs.

	Releasing responsibility
	Slides 8–11 formalise vector notation and guide students through identifying vector types and definitions. Using slides 12–14, the teacher models worked examples. Students return to Appendix A to write the vector of each movement and annotate notes. Pairs of students find vectors given the start and end points, then find the start or end point when given the vector and one other point.
	Worked examples (Your turn)
Notes to future forgetful selves
	Students understand different vector notations, when to use them and define vector features. They identify zero, unit and position vectors and relate vector direction to order of points. Students reinforce vector calculations and coordinate determination.

	Independent practice
	Students complete GeoGebra ‘Lesson 1 Activity 2’, navigating mazes and recording vectors as ordered pairs. 
	
	The maze structure encourages strategic thinking and reinforces the link between movement and ordered pairs.
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Activity structure
Please use the associated PowerPoint Vectors in two dimensions to display images in this lesson.
Activating prior knowledge
Display slide 3 from the PowerPoint, which shows a map with 2 locations marked. 
Tell students that a boat is going from A to B. 
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students to consider how many ways the movement of the boat from A to B can be described mathematically.
Students may suggest:
· describing the horizontal and vertical changes
· using bearings and straight line distance
· using the angle with the -axis and straight line distance
· using the gradient or  with straight line distance.
Using student responses and the Pose-Pause-Pounce-Bounce (bit.ly/P-P-P-B) questioning strategy, ask focused questions to guide thinking towards a directed line segment. The following are some suggested prompts:
How could the movement from A to B be represented on the map?
How can we indicate the direction of travel? 
How can we show where the movement begins and ends? 
What is the difference between a line, a segment and a ray?
Students may need instruction around correct terminology to use. A directed line segment is part of a line between 2 endpoints with fixed length and a direction. The term vector will be defined later in this lesson.
Animate slide 3 to reveal the movement represented as a directed line segment.
Connecting learning
1. Distribute Appendix A ‘Boat paths’ to each student to draw the directed line segments on the grid provided and describe the movement of the boats in terms of left or right and up or down, comparing with a partner.
The column for ordered pairs will be completed later in the lesson.
Allow students time to observe and discuss with a partner what they notice about some of the movements, focusing on the visual indicators of length, direction and position.
Use the Pose-Pause-Pounce-Bounce questioning strategy to draw out key ideas, including equal vectors, position vectors, unit vectors and zero vectors. Some prompting questions are:
Which boats begin their path at the origin?
Which boat does not move?
Which boat moves only one unit?
What do you notice about boats 1 and 10? How can you determine whether 2 boat paths represent the same movement?
What do you notice about boats 2 and 7? What changes when the start and end points are reversed?
Display slide 5, which shows 3 number planes. Ask students what they notice about the images on the slide.
Students may notice the notations differ and all the ordinate pairs under the images have the same values. They should notice that the first image is a point, since we are not using the language of zero vector here yet.
Students should notice that the directed line segments represent the same movement of 3 units right and 4 units up, with one of the segments starting at the origin. 
Define the term ‘vector’ as a quantity having both magnitude (length) and direction, like a directed line segment, then ask students to identify which images on slide 5 geometrically represent vectors.
The directed line segments in the middle and right diagrams geometrically represent the vector . The different notations will be examined later in the lesson. 
Display slide 6 which shows the learning intentions and success criteria for 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 1 – Vectors in 2 dimensions’. Direct students to ‘Activity 1: vector game’, where they will represent vectors as ordered pairs. 
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.
In a class discussion, ask students what strategies they used in the game to determine the required vector.
Students should describe the vector as a movement where the first number is the horizontal movement (positive to the right) and the second number is the vertical movement (positive going up). 
Releasing responsibility
1. Animate slide 8 to display labels and inform students that the vector notations used are an ordered pair (middle) and column vector notation (right). Highlight the difference between a point, a positional vector and a non-positional vector.
Students must ensure the context is clear when using notation that is identical in multiple contexts. For example,  can refer to the point as well as the vector . Likewise,  can refer to the same vector, or  in combinatorics. Clarifying with statements like ‘the point ’ or ‘the vector ’ is advised.
2. Display slide 9 to discuss the differences in vector notation and how changing the order of the tip and tail points affects the vector. Highlight that vectors can be labelled using uppercase letters to describe going from one point to another. Alternatively, use a bold lowercase letter or lowercase letter with a tilde to label the line segment itself.
It is worth noting that in the Physics 11–12 Syllabus (2025) vectors are represented as . Students may be familiar with this notation from Year 11 Physics. However, this notation is not used in the Mathematics Extension 1 11–12 Syllabus (2024).
3. Display slide 10, which shows definitions of a vector, tip and tail points, and magnitude. 
4. Discuss the features of a vector.
5. Ask students to return to Appendix A and relabel the ‘Start’ and ‘End’ columns with the updated terminology.
6. Display slide 11 and ask students to provide a ‘thumbs up’ if the statement represents a vector with direction and magnitude or a ‘thumbs down’ if it does not. Reveal each solution and the next question by repeating the animation.
7. Display slide 12, which shows definitions of some specific types of vectors.
8. In a class discussion, ask how students can determine between these types of vectors.
The ‘zero vector’ is at a point (no length or direction). A ‘vector’ is a movement from one point to another. The movement can be represented at any location on the Cartesian plane. A position vector starts at the origin.
9. Students return to Appendix A and label any equal vectors, unit vectors, zero vectors and position vectors.
10. Use slides 13–14 to model worked examples of finding a vector algebraically between 2 points using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
11. Display slide 15 to formalise the method for finding a vector and the 2 ways to write a 2D vector.
12. Return students to Appendix A to write the horizontal and vertical change as a vector and ordered pair, for example .
13. Have students annotate Appendix A with any additional information necessary to create notes to their future forgetful selves (bit.ly/supportingstrategies).
14. Have students create an ordered pair using any 2 numbers between and .
15. In pairs, students decide who will act as the start and who will act as the terminal point. They then calculate the vector from the start to the terminal point. Students then move to a new partner and repeat the calculation after deciding who is the start point and who is the end point.
16. After several turns, change the activity so that one person represents the starting point and the other person represents a vector. The pair then calculates the coordinates of the terminal point. Students then swap partners.
17. After several turns, change the activity again so that one person represents the terminal point and the other represents a vector. Pairs then calculate the coordinates of the starting point. Students then swap partners.
Independent practice
1. Return students to GeoGebra and direct them to ‘Activity 2: maze A’. Player A uses vectors to navigate through the maze and records each movement in the table as ordered pairs. After resetting the screen, Player B uses the table to recreate Player A’s path. The players then switch roles to complete Activity 2: maze B’ and ‘Activity 2: maze C.
Students compete within their pairs, aiming to use the least number of vectors to escape the maze.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Support students by offering sentence starters such as ‘The movement could be described by …’ to support mathematical language.
To challenge students ask them to generate multiple representations (bearing, gradient, angle with ‑axis) and justify when each is most efficient.
Connecting learning 
Support students by providing a scaffolded version of Appendix A with one example row completed to model expectations.
Invite pairs to create an additional boat path and challenge another pair to describe it using left or right and up or down language.
‘Lesson 1 Activity 1: Vector game’ can be displayed for students to participate as a class group, guided by the teacher.
Releasing responsibility
Support students by providing a printed copy of the step‑by‑step worked example to use as structured guidance when finding vectors algebraically.
Challenge students by offering prompts such as ‘Create 2 different vectors that have the same magnitude but different directions.’
Independent practice
Support students to choose between simpler and more complex mazes in the GeoGebra activity to adjust cognitive load.
Invite students to create their own maze and exchange it with a peer.

Suggested opportunities for assessment
Activating prior knowledge 
Listen to Think‑Pair‑Share conversations for correct use of directional language and whether students distinguish between distance and displacement.
Use Pose-Pause-Pounce-Bounce responses to check whether students can identify the start point, end point and direction.
Connecting learning 
During the GeoGebra activity, note whether students consistently use directional language rather than point‑naming alone.
Ask students to justify why 2 vectors with different starting points may still represent the same displacement.
Releasing responsibility
Use a quick ‘thumbs up/down’ check to assess whether students can correctly identify vectors on slide 9.
Review annotations on Appendix A to see whether students can correctly classify equal vectors, unit vectors and zero vectors.
Independent practice
Monitor the vectors students record in the table in the GeoGebra activity to check the accuracy of horizontal and vertical changes.
Ask students to explain why their chosen path uses the least number of vectors, assessing reasoning rather than just the final answer.

[bookmark: _Appendix_A]Appendix A
Boat paths
A harbour master is plotting the movement of boats in a bay to analyse the traffic patterns in the bay. Draw each of the boat paths as a directed line segment on the grid provided and analyse any patterns that appear. Complete the description column only for the first activity.
	Boat
	Start
	End
	Description of the movement
	Ordered pair

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




[bookmark: _Appendix_B][image: A coordinate plane for students to plot the boats as a visual representation and identify the horizontal and vertical change.]

Sample solutions
Appendix A – boat paths
	Boat
	Tail
	Tip
	Description of the movement
	Ordered pair

	
	
	
	Right 3, up 4.
Position vector, equal to vector 
	

	
	
	
	Right 1, up 4.
Equal but opposite direction to 
	

	
	
	
	No horizontal change, up 3.
	

	
	
	
	Left 6, no vertical change.
	

	
	
	
	No movement.
Zero vector.
	

	
	
	
	Right 1, no vertical change.
Unit vector.
	

	
	
	
	Left 1, down 4.
Equal but opposite direction to 
	

	
	
	
	Right 4, down 2. 
Position vector, equal to vector 
	

	
	
	
	Right 4, down 2. 
equal to vector .
	

	
	
	
	Right 3, up 4. 
equal to vector .
	


[image: A coordinate grid displaying multiple labelled points connected by black line segments to form a network of vectors. Points include O, N, L, I, E, F, H, D, B, G, J, K, M, P and C, each marked in blue. Numbers 1–10 appear beside the line segments, indicating the sequence of the vectors. The diagram illustrates geometric relationships between the vectors, including parallel and intersecting lines.]
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