
Modelling change
Students use the context of population growth and inflation to find the average and instantaneous rate of change.
Learning intentions
To understand the significance of the gradient as the rate of change in a linear model.
To be able to determine the rate of change for both linear functions and non-linear functions. 
Success criteria
I can calculate the rate of change for linear functions in real-life examples.
I can explain why the rate of change for non-linear functions varies. 
I can estimate the instantaneous rate of change at a point on a non-linear graph.
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I can identify areas of fast growth, slow growth and similar growth in non-linear models. 
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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
Estimating change
Recognise when modelling with a linear function that its gradient is the rate of change and determine the rate of change for linear functions in practical situations
Recognise when modelling with a non-linear function that the rate of change is not constant and is represented by the gradient of the tangent to the curve at each point on the curve
Estimate the instantaneous rate of change of a non-linear function at a given point from a given graph of a practical situation
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Table 1: lesson summary 
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Initiate discussion and show the video (bit.ly/population_rate) on population growth. Show NSW data using slide 4 from the PowerPoint Modelling change and have students find the average rate of change using the data. 
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	Students begin to understand that population growth or decline represents a rate of change that can be analysed.

	Connecting learning
	Students use Appendix A to consider Camden and Maitland’s population from 2001–2024. Using average and instantaneous rates of change they discover areas of the same growth and significantly different growth. 
	Think-Pair-Share
	Students can use secants or tangents to find instantaneous rates. 

	Releasing responsibility
	Groups receive a graph from Appendix B showing the population of 2 different countries since 1950. They find the average growth as well as instantaneous growth of interesting areas on their graphs.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
Pose-Pause-Pounce-Bounce
	Teachers may explore other countries by changing the dataset using the link https://ourworldindata.org/population-growth.

	Independent practice
	Show students the video (bit.ly/BTNinflation) Students look at both instantaneous and average rates of change using inflation data. Appendix C
	
	Inflation data is used as another model of change. 



Activity structure
Please use the associated PowerPoint Modelling change to display images in this lesson.
Activating prior knowledge
Show students the video ‘Which is Worse: Underpopulation or Overpopulation?’ (2:39) (bit.ly/population_rate). 
Ask students in a Think-Pair-Share (bit.ly/thinkpairsharestrategy) to consider where they live. Do they notice the population growing or shrinking? How can they tell? Encourage students to consider clues like new housing developments, school sizes or changing city infrastructure.
This activity is designed to engage students by drawing on their prior experiences related to population growth in their suburb or local community.
Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to initiate a class discussion. Suggested questions include: 
Why is it important to know which places have high population growth and which do not? 
What effect could this have on the community, economy or environment?
Students might suggest that rapid population growth can strain services like schools, hospitals and transport, but can also create more jobs and business opportunities. They may note that population decline can lead to fewer services, business closures and an ageing population, while excessive growth might cause traffic congestion, pollution and housing shortages.
Display slide 4 from the PowerPoint showing the average population growth of Camden and Maitland from 2001–2024. Tell students that the graph represents population growth using the 2001 and 2024 data only producing a linear model. 
Conduct a Think-Pair-Share asking students what overall trends they notice in the population growth of Camden and Maitland over the years. How could you find the rate of growth? 
Camden is 65 kilometres south-west of Sydney and Maitland is a regional city located to the north-west of Newcastle.
Students should identify that both towns have grown, with Camden increasing at a faster rate. From previous lessons students should recognise that they can calculate the gradient of the linear function to find the average rate of growth.
Have students apply the gradient formula to calculate the average growth rates for Camden and Maitland. Animate slide 4 to reveal the correct answers for comparison.
Prompt students to think about what units would be appropriate for the rate and why the values are rounded to 2 significant figures.
The rate is the number of people that the population has increased by each year and the answers are rounded to 2 significant figures to make comparison between the rates easier. 
Connecting learning
1. Distribute Appendix A ‘Yearly data’ to each student. Explain to students that Appendix A contains more detailed population data from Camden and Maitland. The population each year is recorded for the 2 towns. 
In a Think-Pair-Share have students answer:
Is there a time when the 2 towns were growing at the same rate? 
What indicates this on the graph? How could you confirm this mathematically?
Students should recognise that the graphs between 2001 and 2011 are a similar distance apart meaning they are increasing at the same rate (almost parallel so will have the similar gradients). 
Have students find the average population growth for each town from 2001–2011. Students should use the table rather than the graph to get a more accurate result.
Camden growth  people per year and Maitland growth  people per year.
Have students consider whether the growth rates of 1100 people per year and 1300 people per year are similar or significantly different. 
In a Think-Pair-Share have students explain what happened in 2016 and why?
Students should recognise that this is when Camden’s population surpassed Maitland’s population. This was because Camden was growing at a faster rate than Maitland.
In pairs, have students use Appendix A to calculate a close approximation for the instantaneous growth rate for the year 2016 for both Maitland and Camden. Students may need to be prompted to draw secants. 
Have pairs join with another pair to compare their answers and discuss which data gave a better approximation.
Students should recognise that the secant closest to the point will produce the better approximation. 
Releasing responsibility
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
Distribute one graph from Appendix B ‘Country data’ to each group. These graphs are best presented on A3 paper in a plastic sleeve with adhesive putty.
Using the graphs of their 2 countries have groups predict and then confirm using approximations which country had the largest average growth rate from 1950–2022. 
Have students do a gallery walk (bit.ly/DLSgallerywalk) of each other’s solutions to find the country with the largest average growth rate and the country with the smallest average growth rate.
Use the Pose-Pause-Pounce-Bounce questioning strategy to lead a group discussion on how students can identify, just by looking at the graphs, where the highest and lowest instantaneous growth rates are likely to occur. 
Students should recognise that the flatter gradient will have the lowest instantaneous growth rate and the steepest gradient will have the highest. 
Have groups predict where the instantaneous rates of change will be highest and lowest on their graphs and mark them with a point. Groups are to use their knowledge of secants and tangents to estimate the instantaneous rates of change for those points on each graph.
Ask groups to compare the population growth of the 2 countries using both average and instantaneous growth as well as other interesting features of the graphs. Groups should support their conclusions with clear calculations. 
Groups may like to research their assigned countries to identify factors that influenced population growth. Examples could include wars or government policies such as China’s one-child policy.
Bring groups back together and ask them to report their findings to the class. 
Facilitate a class discussion on the limitation of the model and the rates of change. Possible prompting questions could include, but are not limited to:
Why is it important to consider the scale of the graph when comparing population growth between different countries?
What are some of the potential problems with using population growth models to predict far into the future?
The scale affects how growth appears visually. An increase of one million people might look large on the graph, but it can represent a small percentage for a large country and a huge percentage for a small country. Understanding scale helps interpret the data more meaningfully.
Long-term predictions can be unreliable because they often assume constant growth rates and ignore changing social, economic and environmental factors. This can lead to unrealistic outcomes, such as predicting infinite growth when resources or other limits exist.
Independent practice
Students are introduced to inflation as a rate of change. The data and graph begin with the cost of a $100 item in September 2021 and illustrates how the price has changed since that date.
1. Show students the video ‘What is inflation? Behind the News’ (4:11) (bit.ly/BTNinflation)  from 0:40–2:25.
Distribute Appendix C ‘Rising prices’ and have students complete the worksheet in pairs. 
Bring the class back together and discuss the answers to the questions. 


Assessment and differentiation
Suggested opportunities for differentiation
Connecting learning 
Provide scaffolding for students by giving step-by-step instructions for gradient calculation. 
Releasing responsibility
The country data provided can be adapted to suit the ethnicity, cultural background or interests of your class (https://ourworldindata.org/population-growth).
Students could investigate the impact of specific historical events or policies on population growth and present their findings in a short report or infographic. 
Independent practice
Support students by asking them to visually identify where the graph is steepest and flattest. 
Support students by asking them to round to the nearest whole value on the graph when calculating price changes. 
Challenge students to investigate periods of hyperinflation (inflation at a very high rate) and their associated inflation rates. Then ask them to draw them on the graph and discuss what they notice. 
Challenge students to research the Reserve Bank of Australia’s target inflation rate. Starting each September, draw in how prices would have increased with this inflation rate. Ask students what they notice and wonder.


Suggested opportunities for assessment
Activating prior knowledge 
Students’ ability to find rate of change using the gradient formula could be assessed when they calculate the average population growth rates for Camden and Maitland. 
Connecting learning 
A student’s ability to interpret and understand features of a non-linear model could be assessed in their contributions to group and class discussions. 
Students’ knowledge and understanding of significant figures could also be assessed as they find average population growth. 
Releasing responsibility
Groups reporting their findings to the class could be used to assess students’ ability to clearly explain how they identified and calculated average and instantaneous growth rates. 
Independent practice
Appendix C could be collected as an exit ticket to check understanding of estimating rates of change using tangents or secants. 
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Yearly data
	Year 
	Population in Camden
	Population in Maitland
	Year 
	Population in Camden
	Population in Maitland

	2001
	45 167
	56 055
	2013
	64 095
	73 870

	2002
	47 176
	57 642
	2014
	68 645
	75 695

	2003
	48 445
	59 167
	2015
	74 103
	77 374

	2004
	48 929
	60 440
	2016
	80 268
	79 063

	2005
	49 994
	61 961
	2017
	88 297
	81 058

	2006
	50 632
	63 505
	2018
	96 023
	83 260

	2007
	52 182
	65 143
	2019
	104 706
	85 313

	2008
	53 739
	66 244
	2020
	112 451
	87 920

	2009
	55 379
	67 268
	2021
	120 086
	90 612

	2010
	56 848
	68 561
	2022
	127 808
	93 614

	2011
	58 440
	69 924
	2023
	134 763
	95 937

	2012
	61 128
	72 012
	2024
	141 133
	98 163
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Country data

UAE
Australia



Iraq
Iran

0. 
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Rising prices

Source: Reserve Bank of Australia (2001–2025) 
Questions
1. If you could buy something for $100 in September 2021, how much would the same item cost in September 2025?
Find the percentage increase in prices over each year, from September to September. (Divide by the price at the start of each year to find the relative change.)
Find the instantaneous rate of change for June each year either by drawing a tangent or using secants. 
When were prices increasing the fastest?
Which inflation rate would you prefer to live with and why?


Sample solutions
Appendix C – rising prices 
1. Approximately $118.
September 2021 – September 2022:  
September 2022 – September 2023: 
September 2023 – September 2024: .
September 2024 – September 2025: %.
June 2022: 6%. 
June 2023: 3.5%
June 2024: 3%
June 2025: 2.5%
June 2022. 
September 2025 has the flattest rate, which means that money loses value slower. 
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