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Shape and Space: Transformation

26. Transformations
	
This unit uses practice questions and hands-on activities to explore the symmetry of 2D shapes, using mirror lines to further explore symmetry and reflections. It then looks at other transformations, including rotation, translation and tessellation.

Unit Information
	Learning 
Outcome(s)
	Through appropriately playful and engaging learning experiences, children should be able to understand that shapes and line segments can be reflected, rotated and translated.

	Mathematical Concept(s)
	· Transformations involve actions on shapes. The mathematical terms reflect, rotate and translate can be used to describe the movement of shapes and objects.
· A shape or line is reflected when it is the same perpendicular distance from the mirror line. A shape or line is rotated when it is turned around a point. A shape or line is translated when it is moved a certain distance from its original position (without turning).
· A shape or pattern has reflective symmetry if it remains the same when reflected through a mirror line. The mirror line can be part of the shape/object or external to it.

	Mathematical Language
	symmetry, symmetrical, line(s) of symmetry, shape, half, reflect (flip), reflection, mirror line, rotate (turn), rotation, translate (slide), translation, tessellate, tessellating, pattern

	Prior 
Knowledge
	· Recognition of basic 2D shapes
· Identification of symmetry in shapes and images, with or without formal language.
· Simple transformations of shapes (flip, slide, turn) despite no formal language used
· Being able to identify the halfway line (mirror line) through a symmetrical object, even if even to express this the mathematical language.

	Potential
Misconceptions
	· Shapes with same number of sides have same number of lines of symmetry. [Actual symmetry depends on the lengths of sides and angles between them.]
· Only symmetrical shapes can be flipped through a mirror line. [Any shape can be flipped.]
· Reflections through a mirror line result in a translation (slide) across the mirror line. [The shape needs to also be reflected (flipped).]
· Translations (slides) can also include rotations. [Translations should include no other transformations.]
· Only regular shapes tessellate.
· Translation and transformation mean the same thing. [Translation and transformation have distinct meanings, despite the similarity of the words.]



Unit Overview
	
	Lesson 1
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 5

	Focus of New Learning
	Explore symmetry in 2D shapes.
	Explore reflections through a mirror line.
	Explore reflections, rotations and translations of simple 2D shapes.
	Explore tessellations of simple 2D shapes.
	Consolidate learning.

	Slides
	26.1
	26.2
	26.3
	26.4
	

	Book
	p. 156
	p. 157
	p. 158
	p. 159
	pp. 160–161

	Concrete
Resources
	printable 26.1
scissors
geoboards
elastic bands
	cubes
mirror

	printables 26.2 & 26.3
2D shapes
	2D shapes/ printable 26.3

	

	Digital Resources
	26. Transformations: Game
Planet Maths: Lines of Symmetry
Maths Eyes: The Butterfly


Lesson 1: Explore symmetry in 2D shapes.
Teaching Slides 26.1 | Student Book p. 156 | printable 26.1, scissors, geoboards, elastic bands

Learning Experiences and Anticipated Student Responses

Exploring symmetry:
· The slides begin with an activity based on printable 26.1, where children cut out shapes and then try to fold them in half to find lines of symmetry. This will help them to understand the basic principles of what makes a shape symmetrical.
· Printing the shapes on A3 paper will make them larger and easier to manipulate.
· Encourage students to try folding in different directions if they are not at first able to spot lines of symmetry.
· Emphasise that the shapes must fold in half perfectly, and that ‘corners should touch’.
· Play the videos on 0, 1 and multiple lines of symmetry so that students can see the difference between each of these scenarios.
· Encourage students to then go back to their cutout shapes and investigate whether the shapes they previous circled have 1 line of symmetry, or more.

Parts A and B:
· Maths Talk: “The shapes that are symmetrical are the ones I can fold in half so that one side fits perfectly on the other.”
	Anticipated Student Responses

	Part A: Ringed shapes: square, circle, rectangle, isosceles triangle

	Part B: Coloured shapes: square, circle, rectangle



Brain vs Wind:
· Work through the example with Brain and Wind before moving on to Part C, and encourage class discussion.
· Maths Talk: “I agree with Brain, because if you fold the rectangle along the diagonals, there is an overlap and it does not fit perfectly.”

Parts C and D:
· You could use the geoboards and elastic bands for parts C and D, to encourage students to explore some shapes before they draw them into their book.
· There are many different possibilities that could be drawn, but some examples are given below. 
· Maths Talk: (Can you think of a shape that has so many lines of symmetry it would be hard to draw them all?) “A circle!”
	[bookmark: _Hlk166240032]Anticipated Student Responses
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Extension:
· Encourage students to go wild with their shapes – they don’t need to be limited to the relatively basic shapes they’ve used thus far!

Lesson 2: Explore reflections through a mirror line.
Teaching Slides 26.2 | Student Book p. 157 | cubes, mirror

Learning Experiences and Anticipated Student Responses

Exploring mirror lines: pencils and cubes
· Children need hands-on experience creating patterns and reflecting them through mirror lines. 
· Children may be familiar with reflections, but using the word ‘flip’ rather than ‘reflect’. Use this lesson as an opportunity to discuss accurate language use with them. 
· Encourage children to use a pencil, or another straight line, as a mirror line; the line must be straight. Show them to video on the teaching slides to reaffirm this.
· When using cubes for this activity, at first insist that the pattern the students make is touching the mirror line. If the students make patterns that do not touch the line, the pattern and its reflection must be equal distance from the mirror line. Unless a grid background is used this would involve accurately measuring distances from the mirror line. 

Part A:
· For this part, as well as subsequent parts in this lesson, you could encourage students to make additional patterns and their reflections on square grids.
· Also encourage students to continue using their cubes to lay out possible answers before drawing them into their books. 
	Anticipated Student Responses
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Part B:

	Anticipated Student Responses
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Part C:
· Part C and its preceding activity aim to tackle the misconception that reflections simply involve a translation of the object through the mirror line (a reflection is also needed).
· Get students to explain why the incorrect reflections are incorrect.
· Maths Talk: (Which picture shows a reflection (flip) through a mirror line? How do you know?) “The picture on the right because the one on the left has not been flipped.”
· Maths Talk: (How could you change the shapes that you did not tick so that they are reflected (flipped) correctly through the mirror line?) “By adding more squares until they are symmetrical.”
	Anticipated Student Responses

	Right-hand shape is correct in the activity; third shape ticked for Part C.



Extension Activity:
· Encourage students to create shapes that do not necessarily touch the mirror line. More-able students may even go so far as creating their original shape such that it crosses the mirror line.
· Students could also experiment with diagonal sides.

Lesson 3: Explore reflections, rotations and translations of simple 2D shapes.
Teaching Slides 26.3 | Student Book p. 158 | printables 26.2 & 26.3, 2D shapes

Learning Experiences Anticipated and Student Responses
Exploring flips, turns and slides:
· Use the cutouts and the teaching slides to explore what happens to shapes when they are reflected (flipped), rotated (turned) and translated (slid). Make sure students appreciate the key elements of these transformations (i.e. rotations need an amount of rotation, and reflections need a mirror line to reflect through), and how the transformations are similar in some respects but different in others.
· Printable 26.2 has a copy of the shape used for the warm-up activity and copies of the shapes used in Part A, B and C on page 158 – one set at their actual size (if the page is printed A4), and one set at an enlarged size that may be easier for children to manipulate. Printable 26.3 has a copy of the shapes from page 159 (which can be repurposed for Lesson 4. These can be traced around for Part D on page 158.
· Maths Talk: (Reflection) “The shapes are the same size and the same way up. One is flipped/facing the other way. This looks like a half turn/two rotations.” 
(Rotation) “The shapes are the same size but point/turned in different directions. After two rotations, it looks like a reflection.” 
(Translation): “The shapes are the same size and pointing in the same direction, but they are in different positions/one has been slid across the screen/page.”

Part A:
· One of the shapes is a reflection, one is a rotation, and one has had no transformation applied.
· This part, as well as Parts B and C, could be extended by asking children to describe what transformations have been applied to each of the wrong answers.
	Anticipated Student Responses

	Right-hand shape has been ticked.



Part B:
· Focus on the rotation that can be recorded on the square grid, i.e. quarter turns. Encourage exploration.
	Anticipated Student Responses

	Right-hand shape has been ticked.



Part C:
· Remind students that a translation includes no other transformations in this context. There may be some confusion that the shapes are technically translations (as they are to the right of the given shape).
	Anticipated Student Responses

	Middle shape has been ticked.



Blaze and Pulse making patterns:
· Students should notice that both patterns are repeating the same two shapes. This will make it easier to determine the next shape in each case, without even needing to perform the transformations.
· Some students may notice that Blaze’s pattern can also be achieved with vertical flips. This can open up further discussion on reflections in different directions, as well as the fact that the triangle’s symmetry makes rotations look like flips.
· Maths Talk: “In Blaze’s pattern, it’s the same as the last shape but rotated by a half turn.”; “In Pulse’s pattern, it’s the same as the last shape but reflected.”

Part D:
· Students can use any of their shapes for this part.
	Anticipated Student Responses

	Student responses will vary depending on their chosen shapes; they should include a reflection and a rotation.



Extension Activity:
· Students can use any of their shapes for this part. While they have only seen quarter turns thus far, encourage them to explore other possibilities in the, since they are not limited to a square grid. 

Lesson 4: Explore tessellations of simple 2D shapes.
Teaching Slides 26.4 | Student Book p. 159 | 2D shapes/printable 26.3
 
Learning Experiences and Anticipated Student Responses

Exploring tessellations:
· The slides begin with an exploration of tessellation. It’s likely that students will be unfamiliar with both the concept and the word, so spend time discussion what’s special about the example tessellations given.
· Focus on the fact that the final example contains two different types of shapes in different orientations. Tessellations are easier to make with the same shape, but they can also be made with different shapes.
· Maths Talk: (What do you notice?) “They all make patterns that repeat without any gaps.”
· Maths Talk: (How are these patterns the same? How are they different?) “Same: All of them repeat without any gaps. Some of them use the same shapes as each other. Some of them have straight lines running through them, between shapes. Different: Some of the use different shapes; one of them uses two different types of shapes including rotations; some of them have shapes that don’t like up so that there are no straight lines through the patterns.”
· Maths Talk: (This pattern is not a tessellation. Why do you think that is?) “The shapes are all overlapping each other; I can see shadows where they overlap.”
· Maths Talk: (A shape that tessellates can make a tessellating pattern. What shapes are tessellating in these patterns?) “Squares, rectangles, triangles.”
· Throughout this lesson, students should have access to their own 2D shapes so that they can play around with patterns themselves. Encourage them to join into groups so that they can pool shapes together.
· Printable 26.3 can be reused here. Children will need multiple copies of the shapes to test if they tessellate, so suggest they work together in groups. Alternatively, it may be easier to complete Part B digitally using the Polypad. Note that for Part C and D, while the printed shapes could be used, tracing around solid shapes, such as pattern blocks, may be easier.

Parts A and B:
· Remind students that shapes can be rotated in order to tessellate; they may otherwise discount the triangle.
· Encourage students to play around with their own shapes for Part B, and you can also demonstrate on-screen with Polypad, or encourage children to use it themselves if possible. 
· Maths Talk: “Shapes with round/curved edges can’t fit together.”

Parts C and D:
· There are many different ways of answering these questions, and the lack of square grids allows students to play around with orientations beyond the standard upright or quarter turns. Encourage them to be creative with the patterns they create, but remind them of the rules for tessellation if needed.
· In the accompanying Polypads, we have provided the equilateral triangle from Part A for Part C; and the equilateral triangle, rectangle and square from Part A for Part D.
· Children may like to explore using more than one shape, e.g. a square and a triangle, to create a tessellating pattern.
	
Anticipated Student Responses

	

	Maths talk: Work with a partner. Describe your pattern.
My pattern uses triangles/squares/rectangles etc. and they fit together to make no gaps.



Extension activity
	Anticipated Student Responses

	Children may be able to identify tessellating patterns within the classroom, for example on a carpet design or on a student’s pencil case. If no tessellating patterns are available in the environment, you could encourage them to find some examples online or bring in printed examples. 



Lesson 5: Consolidate learning.
Student Book pp. 160–161

Learning Experiences and Anticipated Student Responses

Part A, p. 160:
	Anticipated Student Responses

	The first, third and fourth shapes should be ticked.



Part B, p. 160:
	Anticipated Student Responses

	Note that any number of lines of symmetry can be drawn on the circle.
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Part C, p. 160:
	Anticipated Student Responses
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Part A, p. 161:
	Anticipated Student Responses
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Part B, p.161:
	Anticipated Student Responses
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Part C, p.161:
· Students may need to be prompted that one of the patterns links to two shapes rather than one.
	Anticipated Student Responses
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