
Basic differentiation rules
Students use an area model, differentiating by first principles and graphing applications, to develop basic differentiation rules before formalising the rules. 
Students will need at least one digital device per pair to interact with Amplify Classroom during this lesson.
The learning intention and success criteria will be shared at the conclusion of the ‘Activating prior knowledge’ section of the lesson.
Learning intention
To know how to use the rules of differentiation to find derivatives of functions. 
Success criteria
I can recognise and use different notation when differentiating functions.
I can differentiate functions in the form of  
I can differentiate a sum of functions by finding the derivative of each part.
I can explain how a multiple of a function affects the derivative. 


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 
interprets the meaning of the derivative and determines the derivative of functions to solve problems MAV-11-06
Content
Calculations with the derivative
Use the notation   and  for the derivative of 𝑦 when 𝑦 is a function of 𝑥
Use the notation  and  for the derivative of a function 𝑓(𝑥)
Use the formula for all real values of 𝑛
Apply the fact that the derivative of a sum is the sum of the derivatives: , and the derivative of a multiple of a function is the multiple of its derivative: 
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Retrieval practice
	Students complete the first blank column of Appendix A writing terms in index form.
	Variation Theory
	Fractional and negative index laws are reviewed.

	Activating prior knowledge
	Students use first principles to differentiate  and . They use this and slide 3 of the PowerPoint to infer the derivatives of  and  Then discuss why first principles is problematic for larger powers before revealing learning intentions and success criteria from slide 4.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	This section aims to refresh students’ knowledge of familiar derivatives and highlight the methods they have already learned, while emphasising their limitations.

	Connecting learning
	Students work through the Amplify Classroom activity (bit.ly/visual_differentiation) to establish how to differentiate  and . Show the video bit.ly/cubicdydx from 4:50 to 6:33, which models the change in  Slides 6–9 formalise the rules using different notations and models the sum of 2 functions using first principles.
	Pose-Pause-Pounce-Bounce
Think-Pair-Share
Notice and wonder
	Visual representation to support rules to introduce multiple of a function and sum of functions. 
This section is optional for students.

	Releasing responsibility
	Use slide 11 to consolidate the 3 rules before students practise using Appendix B and then revisit the last column in Appendix A. Students make notes to their future forgetful selves. 
	Visibly random groups of 3
Vertical non-permanent surfaces
	This section aims for students to practise applying the rules in groups, progressing towards independently.

	Independent practice
	Students use Appendix C to take the derivative a step further by equating to zero, finding the value of the derivative at a point or finding where the derivative is greater or less than zero. 
	Scavenger hunt
	These questions prepare students for future lessons using basic differentiation.



Activity structure
Please use the associated PowerPoint Basic differentiation rules to display images in this lesson.
Retrieval practice
Distribute Appendix A ‘Converting indices’ and have students work through the first blank column; writing each expression in index form, without in the denominator. These questions use Variation Theory (variationtheory.com/introduction/) to connect learning through a gradual release of small changes.
Students will complete the last column later in the lesson.
Ask students to pair up with a classmate to compare their answers. If their responses differ, students should discuss and reason to conclude which answer is correct.
Students learned about negative indices and indices involving roots in Lesson 4 – negative and fractional indices of Unit 5 – foundations of differentiation.
Activating prior knowledge
1. Ask students to use first principles to find the derivative of  and .
Students were introduced to differentiating using first principles in Lesson 7 – differentiating by first principles of Unit 5 – foundations of differentiation.
1. Show slide 3 of the PowerPoint and ask students in a Think-Pair-Share (bit.ly/thinkpairsharestrategy) to find the derivative of  and  without using first principles. The solutions can be animated on the slide. 
Students may need to be reminded what  means, from Unit 5 – foundations of differentiation. Students inferred these rules in Lesson 5 – introducing the derivative of the same unit. 
Facilitate a class discussion using the Pose-Pause-Pounce-Bounce questioning strategy [PDF 557KB] (bit.ly/posepausepouncebounce) around why using first principles to differentiate every function might be problematic. Prompting questions could include:
What problems occur when we need to expand ? 
How might we find  for the functions given in Appendix A?
Use slide 4 to reveal learning intention and success criteria. 
Connecting learning
The ‘connecting learning’ section introduces students to a model which explains the basic differentiation rules. It is based on the calculus videos from the website www.3blue1brown.com/. While it deepens conceptual understanding, students are only expected to apply the rules. If this level of detail is not appropriate for your class, you may choose to omit this section of the lesson and use slides 6–9 from the PowerPoint and questioning to help students understand the rules. 
1. Assign the Amplify Classroom activity (bit.ly/visual_differentiation) for students to complete, restricting students to screens 1–5.
Before completing this activity, you will need to set up an Amplify Classroom (bit.ly/createamplifyclassroom) and use the pacing feature to restrict students to screens 1–5.
Amplify Classroom provides the opportunity for immediate feedback as well as tailored feedback from the teacher as students’ progress.
Using the Pose-Pause-Pounce-Bounce questioning strategy, ask students to describe what was common between differentiating by first principles and using the area model to find the derivative.
Both methods resulted in the same derivative and used values becoming very small, approaching 0.
Ask students in a Think-Pair-Share to think about  as a cube with side lengths of  and how they could use the model of a cube to calculate the derivative to be 
Show students the video ‘Derivative formulas through geometry| Chapter 3, Essence of calculus’ (17:33) (bit.ly/cubicdydx) from 4:50 to 6:33.
The video uses the notation . Explain to students that this is just another way of writing the change in the function, like . 
Show slide 6 of the PowerPoint revealing the power rule for students. Animate the slide to show different notations used. 
Using a Think-Pair-Share have students consider when each of the notations would be appropriate. 
The notation used depends on the information given in the question. If the question has no  or  then the notation  is used. If the question is presented as , then  is used and if presented using function notation  is used. 
Tell students they will now explore further rules using the area model. Have students work through screens 6–8 of the Amplify Classroom activity by extending the pacing on the teacher dashboard. 
Bring the class back together using the Pose-Pause-Pounce-Bounce questioning strategy to summarise students’ learning from screens 6–8. Possible prompting questions could include: 
What effect does multiplying a term by a constant have on the derivative of , for example ?
What effect does multiplying a term by a constant have on the derivative of , for example ?
Can you generalise the effect multiplying a term by a constant has on any derivative ?
Show slide 7 to reveal the multiple of a function rule for students. Animate the slide to show different notations used. 
Differentiating the sum of 2 terms
Show students slide 8 and have them consider in a Think-Pair-Share what they notice and wonder (bit.ly/noticewonderstrategy) about differentiating the sum of 2 terms using first principles.
Have students work through screens 9–10 of the Amplify Classroom activity by extending the pacing on the teacher dashboard. 
Again, in a Think-Pair-Share have students consider a rule for differentiating  
Show slide 9 revealing the sum of functions rule for students. Animate the slide to show the different notations used.
Releasing responsibility
1. Draw students’ attention back to the learning intention and success criteria and reiterate that they can now differentiate using shorter methods. 
1. Display slide 11 of the PowerPoint to formalise the 3 differentiation rules students have explored.
Distribute Appendix B ‘Differentiation practice’ and have students practise differentiating using the rules they have just learned. 
Students are to consult a partner and share their responses to Appendix B, negotiating answers where they differ. 
Have students revisit Appendix A ‘Converting indices’, this time differentiating each of the functions. 
Have students write notes to their future forgetful selves (bit.ly/notestofutureself) summarising the differentiation formulas learned this lesson. 
Students may benefit from completing further practice questions from an existing resource. 
Independent practice
1. Using a Think-Pair-Share have students recall the link between the derivative and the gradient function. 
Students should recall from Unit 5 – foundations of differentiation that the gradient function is the derivative. 
1. Students work in pairs to complete the scavenger hunt task from Appendix C ‘Using the derivative’. In this task, students take the derivative a step further by equating to zero, finding the value of the derivative at a point or finding where the derivative is greater or less than zero.
Print one set of question cards, separate each card (cutting along the bold lines), and place the cards around the room. A vertical non-permanent surface could be useful at each card to assist the students with their calculations.
Each pair should start at one of the cards. The students work in their pairs to solve the problem.
Once a pair has solved a problem, they need to move around the room to find the solution on another card. Once they have found their solution, they then solve the question attached to the solution and repeat the process.
The activity is finished once the pair returns to their original card.
Cards are printed in order. The answer to the question on one card is on the following card.

Assessment and differentiation
Suggested opportunities for differentiation
Retrieval practice
Students may benefit from reviewing the conversion of negative indices and indices involving roots.
Appendix A could be adjusted to include questions that align with your students' ability levels.
Activating prior knowledge 
Students could be challenged to prove the inferred differentiation using first principles. 
Students may benefit from revisiting first principles or function notation such as 
Connecting learning 
Different notations could be introduced at a later stage of the learning process.
Students could be extended to consider the area model of 2 functions added together.
Releasing responsibility
Students may need to practise differentiating more routine problems before progressing to Appendix A.
Students could be challenged by introducing brackets or multiples of indices.
Independent practice
Students may benefit from revising how to solve linear and quadratic inequalities. 
The questions could be modified to suit the needs of your students.
Students may need to revisit substituting into a function or solving quadratic equations.
Students could be challenged by turning Appendix C into a speed dating activity.


Suggested opportunities for assessment
Retrieval practice
The teacher could use Appendix A to assess students’ understanding of converting negative indices or fractional indices.
Activating prior knowledge
Students’ understanding of first principles can be assessed through their responses during the class discussion.
Connecting learning 
Students’ understanding of functions and function notation can be assessed using their responses to the Think-Pair-Share which unpacks different notations. 
Releasing responsibility
Students’ ability to differentiate and apply the rules for differentiation can be assessed by observing their responses to Appendix B.
Appendix A could be used to assess students’ ability to differentiate fractional and negative indices. 
Independent practice
Students could be asked to differentiate a function using the new rules as an exit ticket. 
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Converting indices
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Differentiation practice
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Appendix C
Using the derivative
	


If , find the gradient at 
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If and the gradient is 10, find .
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If  and the gradient is 27, find .
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If  and the gradient is 7, find 
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If  and the gradient is 57, find 




Sample solutions
Appendix A – converting indices
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Appendix B – differentiation practice
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