
Simplifying surds
Students learn how to simplify surds visually and algebraically.
Visible learning
This lesson incorporates Path content.
Learning intentions and success criteria should be shared with students later in the learning episode.
Learning intention
To know how to simplify surds.
Success criteria
I can explain what a surd is.
I can identify surds that can be simplified.
I can express surds in their simplest form.
I can compare values that contain surds.


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
describes and performs operations with surds and fractional indices (Path) 
MA5-IND-P-02
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Warm up
	Students identify which numbers have square number factors from the following list: 256, 180, 377, 540, 300, 323, 210, 425 and 288.
	Visibly random groups of 3
Vertical non-permanent surfaces
	Students are reminded of square numbers and how to find factors. 

	Launch
	Students find diagonal lengths in a 9-dot grid and then order them from smallest to largest (Appendix A) before completing a gallery walk to compare solutions. The learning intentions and success criteria are then revealed to students.
	Visibly random groups of 3
Vertical non-permanent surfaces
Assessing and advancing questions
Pose-Pause-Pounce-Bounce
	Students discover that  and  represent the same length.

	Explore
	Students find the diagonal lengths in a 16-dot grid (Appendix A), showing their solutions as both a simplified and unsimplified surd. Students are asked to compare the lengths of surd values on slide 5 of the PowerPoint Simplifying surds (SS PPT) before using slide 6 to generalise the surd law .
	Visibly random groups of 3
Vertical non-permanent surfaces
Pose-Pause-Pounce-Bounce
Turn and talk
	Students explore more surds that are equivalent.

	Summarise
	Students complete worked examples for simplifying surds using slides 8-11 before completing the questions on slide 12 of the PowerPoint and writing notes to their future forgetful selves.
	Worked examples (Your turn)
Notes to future forgetful selves
	Students consolidate and practise simplifying surds.

	Apply
	Use slides 14–18 to compare surds before ordering a set of simplified surd values on slide 19 of the PowerPoint. 
	Mini whiteboards
Visibly random groups of 3
Vertical non-permanent surfaces
Pose-Pause-Pounce-Bounce
	Students apply their knowledge of surds to problems.



Activity structure
Please use the associated PowerPoint Simplifying surds (SS PPT) to display images in this lesson.
Warm up
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy) and, in a banner task (bit.ly/supportingstrategies), ask students to identify which numbers have square number factors from the following list: 256, 180, 377, 540, 300, 323, 210, 425 and 288.
Ask students from selected groups to share how they found the square factors of each number.
Strategies might include:
· determining the highest factor you need to consider to ensure all square factors have been accounted for, or
· using prime factor trees to break down factors into pairs to systematically find all square factors.
This skill will be useful as students must identify square factors to simplify surds in this lesson.
Launch
1. Still in their groups at the vertical non-permanent surfaces, distribute the 9-dot grid from Appendix A ‘Dot grids’, printed on A3 paper and placed in a plastic pocket.
1. State to students that there are 5 different lengths you can find on a 9-dot grid. Ask students to find all the lengths, in exact form, and arrange the lengths in ascending order. 
The distance between 2 points vertically or horizontally is one unit. Students should be able to find the vertical and horizontal lengths by counting and using Pythagoras’ theorem to find the lengths of the diagonals.
1. Use assessing and advancing questions (bit.ly/supportingstrategies) to prompt student thinking.
Table 2: assessing and advancing questions
	Assessing questions
	Advancing questions

	What is the length between each point going diagonally or vertically?
	Are these all the lengths you need to find?

	How did you know the length across 3 dots vertically or horizontally was 2 units?
	How could you systematically identify all the lengths you need to find?

	How did you find the length of the diagonals?
	What values would we expect to find in a 16-dot grid?


1. Define a surd to students as ‘a numerical expression involving one or more irrational roots of numbers’.
Students are introduced to surds in Stage 4 Unit 4 – representing numbers and Unit 10 – investigating triangles.
1. Instruct students to circle any surds they see in their working. 
1. Students are to do a gallery walk (bit.ly/DLSgallerywalk), counting the number of different solutions that have been found across the class, noting if any differed from their group and how many were surds.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to discuss the different approaches to finding the lengths and if groups found different lengths on their gallery walk to those that they had calculated. Some suggested questions include:
How did you find the 5 different lengths?
How many different solutions did you see on your gallery walk? Why did we have more than 5?
Why do we think some groups had  and others had ? For those who found these values, how did you find them?
For the diagonal across the middle of the 9-dot grid, there are 2 solutions. One using Pythagoras’ theorem to find  units and the other multiplying the diagonal of the smaller square by 2 to find  units. 
If students did not find these 2 solutions use slide 3 of the PowerPoint (SS PPT) to display 2 students' explanations of how they calculated those 2 different answers. Use the notice and wonder (bit.ly/noticewonderstrategy) strategy and this slide for students to compare the solutions.
1. State to students that the length from corner to corner could be represented by  or , where  is the surd in a simpler form. 
1. Reveal the learning intentions and success criteria for the lesson.
Explore
1. Continuing with students in their groups of 3 at vertical non-permanent surfaces, distribute the 16-dot grid from Appendix A ’Dot grids’ printed on A3 paper and placed in a plastic pocket.
1. Ask students to identify all the different lengths in a 16-dot grid, in order of length. Students should use both strategies discussed in the Launch for all possible lengths.
1. Ask random students what surd values, which represented the lengths, were equivalent in the grid and write these where students can see them. 
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to ask students what they notice and wonder about the 2 different ways to represent the lengths.
Students should notice that the value inside the unsimplified surd is equal to the square of the coefficient multiplied by the value inside the surd. 
For example, .
They might wonder if this is the same for all surds.
1. Display slide 5 of the PowerPoint (SS PPT), which displays the 2 values,  or . In a turn and talk (bit.ly/classroomtalkmoves), ask students to discuss which is larger and to justify why without using a calculator.
1. Ask randomly selected students to share their thoughts and reasoning.
Students could approach this by either:
· considering the magnitude of  and  if they placed them on a number line.
· converting the values to unsimplified surds, meaning all numbers are under the square root sign.
1. Display slide 6 of the PowerPoint (SS PPT) which shows a collection of surds for students to evaluate using their calculators.
1. In a turn and talk, ask students to discuss what they notice and wonder about each of the solutions and what they could assume.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to ask students to determine an equivalent surd to , justifying their answers.
This activity is designed to show students the surd law of , by showing their equivalence numerically. To deepen this idea with students you can revisit index laws to prove this surd law. 
Summarise
1. Use slides 8–11 from the PowerPoint (SS PPT) to show students how to convert the surds to simplified surds using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
1. Ask students to return to their groups of 3 at vertical non-permanent surfaces and display slide 12 of the PowerPoint (SS PPT).
1. Have students do a gallery walk of different groups to see if other groups found any representations that were different to the ones they found.
1. Students are to individually create notes to their future forgetful selves (bit.ly/notestofutureself) on how to simplify surds.
Apply
1. In a turn and talk, ask students to discuss how simplifying surds could be useful. 
Keeping a number as a surd means it is in its most accurate form. By simplifying a surd, it makes it easier to estimate its magnitude, length or position on a number line, it also shows us its rational factors so we may be able to simplify expressions. 
It may be beneficial to students to point this out prior to beginning this activity. 
1. Tell students that we are going to play a game of heads or tails. Heads are for the surd on the left, and tails are for the surd on the right. Students are to choose the value they think is the highest. 
1. Use slides 14–18 of the PowerPoint (SS PPT) to play the game ‘Which is larger?’ Each slide has 2 simplified surds. Students must pick which one is larger. After each question ask random students to justify their answers.
As you progress through the slides they will animate to show the correct answer.
1. Assign new visibly random groups of 3 at vertical non-permanent surfaces and display slide 19 of the PowerPoint (SS PPT).
1. Ask students to order the surds from smallest to largest. Challenge students to justify the order in different ways.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy for students to share their ideas and reasoning to find the order. 


Students might:
· convert the surds to unsimplified surds to compare
· group the values that have the same surd when simplified and order them first
· group the surds that have the same coefficient and order them first.
The surds ordered smallest to largest are  and .


Assessment and differentiation
Suggested opportunities for differentiation
Warm up
Students might need to be reminded of what a squared number is and how to find factors of numbers.
Students could be challenged to find a number with 5 different squared numbers as factors.
Launch
Students might need to be reminded of how to use Pythagoras’ theorem to find the hypotenuse of a right-angled triangle.
Students might benefit from reviewing the term ‘irrational’.
Visual representations of surd lengths are used in this activity which assists students in ordering values from smallest to largest.
Students from non-English speaking backgrounds can access this task as it is visually based. 
As students are working in groups it provides the opportunity for students with additional needs to work in peer-assisted environments.
Explore
A notice and wonder strategy is used where there is no correct answer so that all students can participate in the discussion
Students should be challenged to make connections with prior knowledge they have of index laws when explaining why .
Summarise
Students should be challenged to make connections with prior knowledge they have of divisibility checks and finding square roots to establish finding square factors of numbers.
Enable students by allowing them access to a calculator to find square factors of numbers.
Students can be challenged to explain all the possible solution paths to completely simplify the surds on slide 12 of the PowerPoint (SS PPT).
Enable students to complete their notes to their future forgetful selves by providing a key terminology and vocabulary list.
Apply
Challenge students to estimate where the simplified surd values would exist on a number line when comparing their sizes.
Enable students by providing more time to order the surds when completing the magnitude of surds activity.


Suggested opportunities for assessment
Launch
Students will demonstrate their Working mathematically skills in discussions and justifications.
When placed in groups of 3, students provide and receive peer feedback on their understanding.
Explore
Students working at vertical non-permanent surfaces means the teacher can assess student progress and provide support where appropriate.
Monitor responses in class discussions to check for student understanding of converting surds completely under the radical sign.
Summarise
Monitor student responses in the ‘Your turn’ section to check for understanding.
Create an exit ticket where students select a question from slide 12 of the PowerPoint (SS PPT) and explain how they knew the surd could be simplified and how to simplify the surd.
Review students’ notes to their future forgetful selves for the understanding of simplifying surds. 
Apply
Student responses and justifications to slides 8–11 can be used as formative assessment of comparing surds.


[bookmark: _Appendix_A]Appendix A 
Dot grids
9-dot grid
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16-dot grid
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[bookmark: _Appendix_B][bookmark: _Appendix_C]Sample solutions
Warm-up
377 has no squared numbers as factors.323 has no squared numbers as factors.
210 has no squared numbers as factors.


Appendix A – dot grids
Ordered lengths for the 9-dot grid
1, 2,  and  or .
Ordered lengths for the 16-dot grid
1, 2, ,  or , and  or .
Slide 12 – representing surds
1. 
1. 
1.  cannot be simplified
1. 
1. 
1.  cannot be simplified
1.  cannot be simplified
1. 
1. 
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