
Introducing the derivative
Students use graphical applications to show the effect of finding the gradient by reducing the size of the secant, which leads to the gradient of the tangent at a point. They also recognise that calculating the gradient of the tangent at different points produces a pattern, leading to the definition of the first derivative. 
Students will need at least one digital device per pair to interact with Amplify Classroom during this lesson.
Learning intentions
To be able to analyse the gradient of the tangent at different points along a curve using graphing technology and deduce its connection to the derivative as a mathematical concept.
To be able to correctly apply the notation and terminology for differentiation.
Success criteria
I can explain the process of using secants to approximate the gradient of a curve.
I can use technology to model how the secant approaches the tangent gradient as  becomes very small.
I can verify the gradient of a tangent at a point on  using the formula and technology.
I can differentiate constant and linear functions and interpret these derivatives as gradients of tangents.


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
The derivative
Examine the gradient of a curve at a point on the curve using graphing applications
Approximate the gradient of a curve 𝑓(𝑥) = 𝑥ⁿ at a point  by considering the gradient of the secant through 𝑃 and  as the magnitude of ℎ approaches zero, using graphing applications or a spreadsheet
Infer that  is the gradient of 𝑓(𝑥) = 𝑥ⁿ and verify the result using graphing applications
Define 𝑓'(𝑥), for any function 𝑓(𝑥) and any value 𝑥, to be the gradient of the tangent to the curve 𝑦 = 𝑓(𝑥) at the point  if the tangent exists and is not vertical
Refer to 𝑓'(𝑥) as the derivative of 𝑓(𝑥) or the gradient, or derived, function of 𝑓(𝑥)
Define differentiation as the process of finding the derivative of a function
Find derivatives of constant and linear functions
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students revise finding the gradient of a secant between 2 points using slide 4 of the PowerPoint Introducing the derivative. They then look at what happens to the secant between 2 points as they get closer together by using graphing applications (bit.ly/Introducing_the_derivative) 
	Class discussion
	Students revise gradient calculations from the formula.

	Connecting learning
	Students look at 3 functions (linear, quadratic and cubic), determining the gradient of the function at set points on that curve using a graphing application, before looking for a pattern.
	Class discussion
	Students look for patterns to develop the differentiation rule.

	Releasing responsibility
	Students are shown the rule on slide 6 and formalise the pattern before testing it out on other functions. Students are then introduced to the terminology of differentiation on slides 7–8.
	Class discussion
Mini whiteboards
Notes to future forgetful selves
	Teachers introduce the differentiation rule and terminology – only infer at this level and simple functions.

	Independent practice
	Students apply the relationships they have found in the previous screens to linear and constant functions.
	Class discussion
	Students apply knowledge from the inferred relationship to see what happens when the function is linear or constant.



Activity structure 
Please use the associated PowerPoint Introducing the derivative to display images in this lesson.
Activating prior knowledge
Display slide 4 of the PowerPoint and ask students to find the gradient of the secants  and .
Animate the slide twice to show the solutions.
Initiate a class discussion by posing the following questions:
How many points do you need to work out the gradient of a line? 
How do you work out the gradient of a tangent if it only has one point of contact?
Assign the Amplify Classroom activity ‘Introducing the derivative’ (bit.ly/Introducing_the_derivative) for students to attempt screens 2–3 individually or in pairs. In the Amplify Classroom screens, students will adjust a secant to approximate the gradient of the tangent on the curve and zoom in to see the effect. 
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 1–3. 
Amplify Classroom provides the opportunity for immediate feedback as well as tailored feedback from the teacher as students progress.
With reference to screen 3, conduct a class discussion about why we would want the distance between the coordinates, , to be as small as possible. Suggested prompts include:
As you zoom in on a point, what happens to the curve? 
What happened to the secant with the smallest distance between -coordinates? 
Extend the pacing to include screen 4 of the Amplify Classroom activity and ask students to complete the table. Ask students to choose different distances between coordinates, , and observe the effect on the approximation to the tangent. 
Students can reduce  by powers of , or 2. E.g.  and so on, with the aim to get  very small so that the secant becomes the tangent.
Conduct a class discussion posing the questions:
How do the values in the table compare with what we saw visually on screen 3?
If we want a precise answer for the gradient of the tangent, what value of  could we choose?
Conclude with the students that as we have smaller values of  we can approximate the tangent and hence estimate the gradient of the curve at any point. 
Connecting learning
1. Extend the pacing to include screens 5 and 6 and ask students to complete the activities. 
Lead a class discussion around the idea that for each value of  in the domain of a function, there is a single corresponding gradient at that point. Emphasise that these gradients can themselves be viewed as outputs of a new function, known as the gradient function, which we can work to discover. 
Extend the pacing of the screens to include screen 12 and ask students to complete the activities up to this point.
Students need to add the  into the table in screen 12.
Initiate a class discussion based on the responses from the class on screens 11 and 12.
Students should see that there is a pattern. (For , ).
Extend the pacing of the screens to include screen 15 and ask students to complete the activities.
Releasing responsibility
1. Lead a class discussion about the patterns from screens 13 and 14 to support students in formulating the rule on screen 15. 
Display slide 6 showing the relationship  , making connections to the gradient function from the Amplify Classroom activity.
Display slide 7 to introduce the definition of the gradient function, the terminology of ‘derivative’ and ‘derived function’ and the notation  Explain that ‘differentiation’ is the process of finding derivatives. 
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students why the tangent cannot be vertical.
A vertical line has an infinite (undefined) gradient; therefore, the gradient function would be undefined. A gradient can be found by . A vertical line has no horizontal run, therefore is divided by 0 – undefined.
Display slide 8 referencing one of the examples from the Amplify Classroom activity. 
Students are to create notes to their future forgetful selves (bit.ly/notestofutureself) on the process, using the new language and notation. 
Independent practice
1. Extend the pacing of the screens in the Amplify Classroom activity to the end of the activity.
Continuing in pairs, students are to complete screens 16–21.
Lead a class discussion about the gradient functions of the linear functions from screens 18–20.
Continuing in pairs, have students complete screen 22.
Lead a class discussion, based on the responses to screen 22, about the gradient function of a constant. Questions could include:
What do you notice about all the functions?
What do you notice about all their gradients?
Have students complete screen 23 of the Amplify Classroom activity.
Lead a class discussion about how the gradient function can be differentiated and is also a function.
Students may notice the  notation and teachers may choose to mention it briefly now and use the terminology first and second derivative. This will be addressed in Year 12.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Provide worked examples of finding gradients between 2 points before asking students to generalise.
Provide a table scaffold with partially filled values of  to reduce cognitive load.
Pair students strategically during Amplify Classroom activities to encourage peer support and explanation.
Ask advanced students to try different functions in Amplify Classroom and explain how gradients change depending on the curve’s shape.
Challenge students to derive the difference quotient  formally for a simple function (for example, 
Encourage exploration of negative gradients and points of inflection (What happens to the gradient before, at and after these points?).
Support explanations with frames like: ‘As  gets smaller, the secant line …’
Connecting learning 
Offer sentence starters such as, ‘When , the derivative is … ‘When , the derivative is …’.
Releasing responsibility
Give a reference sheet with the new terms (‘derivative’, ‘gradient function’, ’derived function’, ‘differentiation’) and spaces for students to write their own examples.
Encourage advanced students to test the rule they ‘inferred’ on non-integer powers.
(For example, ) to deepen conceptual understanding.


Independent practice
Support students by asking explicit guiding questions like:
What is the slope of a straight line?
What happens if the line is flat?
What do you notice about the derivative of the derivative?
Extend students by giving the derivative of a derivative a context like motion. ‘If  is displacement, what do the first and second derivatives represent?’
Have students consider the derivative of a linear function that includes a constant. For example, .


Suggested opportunities for assessment
Activating prior knowledge 
Track student progress in real time on the teacher dashboard as they complete the Amplify Classroom activity.
Use a quick thumbs-up/sideways/down check to gauge understanding during discussions.
Connecting learning 
Use the Amplify Classroom dashboard and select different student responses from screens 11–12 to highlight both correct reasoning and misconceptions.
Ask probing questions such as:
How do we know the derivative rule works for every power of ?
Why is the derivative of  still a function?
Releasing responsibility
Review students’ notes to their future forgetful selves to identify misconceptions in language or notation. 
Independent practice
Use the Amplify Classroom teacher dashboard to quickly see which pairs correctly identify gradient functions and which need scaffolding.
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