
Interpreting the equation of the line of best fit
Students fit a line of best fit digitally and reflect on the gradient and -intercept in a given context, comparing the gradient and the correlation coefficient. 
Students will need at least one digital device per pair to interact with the Desmos graphing calculator during this lesson.
Learning intention
To be able to interpret the equation of the line of best fit in context.
Success criteria
I can use digital tools to create a line of best fit.
I can explain what the gradient and -intercept mean, given a context.
I can explain the similarities and differences between the gradient and the correlation coefficient. 

Outcomes
Mathematics Standard 2 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  
analyses bivariate datasets using statistical processes MST-12-S2-08
Associated Mathematics Standard 1 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  
displays and interprets bivariate datasets to solve problems and make predictions 
MST-12-S1-06
Mathematics Standard 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2024.
Associated Numeracy outcomes 
A student:
recognises and applies functional numeracy concepts in practical situations, including personal and community, workplace and employment, and education and training contexts 
N6-1.1 
applies numerical reasoning and mathematical thinking to clarify, efficiently solve and communicate solutions to problems N6-1.2 
determines whether an estimate or an answer is reasonable in the context of a problem, evaluates results and communicates conclusions N6-1.3 
chooses and applies efficient strategies to analyse and solve everyday problems involving data, graphs, tables, statistics and probability N6-2.3 
chooses and uses appropriate technology to access, organise and interpret information in a range of practical personal and community, workplace and employment, and education and training contexts N6-3.1 
chooses and uses appropriate technology to analyse and solve problems, represent information and communicate solutions in a range of practical contexts N6-3.2 
Numeracy Stage 6 (CEC) Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2021.
Content
Mathematics Standard 2
Scatter plots and lines of best fit
Create a line of best fit on a scatter plot for a bivariate dataset, by eye and with digital tools
Determine and interpret the intercept and gradient of the line of best fit from a given graph to form an equation of the line
Mathematics Standard 1
Scatter plots and lines of best fit
Create a line of best fit on a scatter plot for a bivariate dataset, by eye and with digital tools
Mathematics Standard 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2024.
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students discuss the cost of event tickets, then analyse slide 4 of the PowerPoint Interpreting the equation of the line of best fit to interpret a linear relationship between the number of tickets bought and the total cost. They identify the gradient and -intercept as well as explaining what they mean in the given context.
	Think-Pair-Share
	The purpose of this activity is to revise linear relationships and strengthen students’ ability to interpret the gradient and -intercept in context.

	Connecting learning
	Students explore how ticket resale prices vary over time using the Desmos graph ‘Concert resale’ (bit.ly/DesmosConcert-sales). They interpret the correlation coefficient, create a line of best fit using sliders and analyse its reliability and contextual limitations.
	Think-Pair-Share

	The aim of this section is to develop an understanding of correlation as a measure of strength and direction. Students also investigate how technology can be used to create an accurate line of best fit. 

	Releasing responsibility
	Students complete multiple-choice questions using slides 6–9 and then summarise key ideas using Appendix A.
	Pose-Pause-Pounce-Bounce
	Reinforce the interpretation of the gradient and -intercept and connections to correlation, consolidating similarities and differences between these measures.

	Independent practice
	Students complete Appendix B by interpreting the gradient and-intercept in context and making predictions. They then compare responses with a partner to refine explanations.
	
	The aim of this section is to critically evaluate the validity and limitations of a model.
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Activity structure
Please use the associated PowerPoint Interpreting the equation of the line of best fit to display images in this lesson.
Activating prior knowledge
Initiate a class discussion about how much tickets cost to a variety of events such as concerts, sports and theatre productions. Some suggested prompts include:
What type of events can you buy tickets for?
How much are these tickets?
Are there any other associated costs when buying a ticket?
Display slide 4 of the PowerPoint, which presents a problem involving the cost of concert tickets alongside a graph and equation that represent the relationship between the number of tickets bought and total cost. 
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy) ask students:
Is this a linear relationship or a line of best fit? Justify your answer.
What numbers represent the gradient and the -intercept?
What do the gradient and -intercept represent in this context?
Students should recognise this is a linear relationship because there is a constant fixed rate of change, that is, there is a set cost per ticket with no variation in pricing. Therefore, the situation can be modelled using the form  where  represents the constant cost per ticket (gradient) and  represents any fixed starting cost or fee (-intercept).
The gradient represents the cost per ticket ($110) and the -intercept represents the fixed booking fee ($5.20). 
Students should be familiar with this from the Year 11 Linear relationships outcome MST-11-02.

Connecting learning
1. Pose the following scenario to students:
Simone can no longer attend the event. Does it matter how long she decides to wait before trying to resell her ticket?
1. Initiate a class discussion about whether the resale price of tickets changes as the event approaches.
Students may share that the cost of tickets over time can vary depending on the event. For example, tickets for a highly popular event such as a major pop star concert may increase in price as the event approaches due to scarcity and high demand. In contrast, tickets for a football game may decrease in price if many remain unsold, as sellers may prefer to recover some of the cost rather than have the tickets go unused. 
1. In pairs, students share a digital device to navigate to the Desmos graph ‘Concert resale’ (bit.ly/DesmosConcert-sales). The graph shows the resale cost of tickets depending on the number of days before the event, along with the correlation coefficient.
Teachers may want to highlight that the independent variable is the number of days before the event for students to understand the model and to be able to discuss the limitations later in the learning episode.
The correlation coefficient of the data is found using the function corr(). The output value shown is the value of the Pearson’s correlation coefficient, , correct to 2 decimal places.
1. In a Think-Pair-Share ask students to describe the form, strength and direction of the association between the 2 variables using the correlation coefficient and what that means in relation to this context.
Students should recognise that it is a strong, positive linear association, which implies that as the number of days before the event increases, the resale cost of tickets increases.
If a line of best fit were fitted to this dataset, ask the class to consider the following:
the reliability of using the line of best fit to make predictions
the limitations of the line of best fit given the context
whether the relationship may be causal, given the context and correlation.
Students have previously learnt how to fit a line of best fit on a scatter plot for bivariate datasets, by eye in Lesson 5 – creating and using the line of best fit by hand. 
Students may refer to the strength of the correlation between the 2 variables as reasoning for whether the line of best fit is reliable to use to predict values using interpolation. Students should recognise the limitations which include:
· after the concert you can no longer sell your ticket
· you cannot resell your ticket prior to obtaining a ticket, which some students may predict is 160 days prior given the range of the data provided.
1. Have students select the circle next to the line . (See Figure 1 below.) Using the sliders for m and c, have students place a line of best fit for the data.
Figure 1: circle selected next to the line 
[image: A section of the Desmos calculator, showing the selected circle icon alongside the general linear form, y=mx+c. ]
Screenshot from Desmos Graphing Calculator © Desmos.
Ask a non-volunteer student to share their equation for the line of best fit, then collect one or 2 more responses. Acknowledge that different equations are expected as students fit the line by eye. 
Explain that technology can calculate the most appropriate line of best fit for a given set of data by using all data points to determine the best overall fit. 
Ask students to select the circle next to the line ‘Line of best fit’ to display this line. (See Figure 2 below.) Have students compare this to their own line of best fit. 
Figure 2: circle next to Line of best fit
[image: A section of the Desmos calculator, showing the Line of best fit.]
Screenshot from Desmos Graphing Calculator © Desmos.
Students can click on the arrow next to ‘Line of best fit’ to see the values for the gradient and y-intercept for the line of best fit. They could compare these to the values for their own line of best fit. In a Think-Pair-Share ask students:
What do the gradient and -intercept represent in this context?
How do the correlation coefficient and the gradient differ in what they tell us about the association between the 2 variables in this context?
The gradient represents the change in resale price for each additional day before the event that the ticket is sold. The -intercept represents the model’s predicted resale price when the number of days before the event is zero, that is, on the day of the event.
Clarify that the gradient describes how changes in the number of days before the event are associated with changes in the resale price of the ticket, whereas the correlation coefficient describes the strength and direction of the linear relationship between days before the event and resale price.
Releasing responsibility
1. Use slides 6–9 for students to complete a range of multiple-choice questions about the gradient and -intercept of a line of best fit in each context. Students could complete this activity using a finger vote, with the answer to be animated. 
These questions are based on the Khan Academy’s lesson ‘Interpreting slope and -intercept for linear models’ (bit.ly/khan-interpreting-slope-intercept). 
1. While still displaying slide 9 initiate a class discussion to estimate what the value of Pearson’s correlation coefficient would be and compare this to the gradient . 
The purpose of this discussion is to help students distinguish between the roles of the correlation coefficient and the gradient. Guide students to recognise that the correlation () describes how strong the relationship is and how closely the points follow a linear pattern, while the gradient () tells us how much the value changes as we move across the graph. Emphasise that correlation is about the overall pattern, whereas the gradient describes the change between the 2 variables.
1. Extend this thinking beyond this example to other contexts, focusing on the similarities and differences between the correlation coefficient () and the gradient () using prompts such as:
Can you have a positive gradient but a negative correlation coefficient? Explain your thinking.
1. Distribute Appendix A ‘Correlation, gradient and -intercept’ for students to record information about what the correlation coefficient, gradient and -intercept tell us about the association between 2 variables. Encourage students to note the similarities and the differences.
Independent practice
1. Distribute to each student, Appendix B ‘Interpreting and evaluating the equation of the line of best fit’, which includes scatter plots with lines of best fit and their equations for 2 datasets.
1. Students independently interpret the gradient and -intercept in context, apply the model to make predictions, and evaluate the validity and limitations of each model.
1. Have students compare their responses with a partner and refine their explanations where needed.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Provide sentence stems, for example, ‘The gradient represents … dollars per ticket’ or ‘The -intercept represents …’ to support students in contextual interpretation.
Use an annotated graph with the gradient and -intercept labelled to support students. 
Connecting learning 
Provide scaffolded prompts, for example, ‘Is the association positive or negative?’ to support the interpretation of the correlation coefficient. 
Extend students by asking them to evaluate the reliability of predictions, that is, interpolation compared to extrapolation
Students could also be extended to discuss causation compared to correlation in the given context.
Releasing responsibility
Use multiple-choice questions with visual supports to reinforce interpretation of gradient and intercept. 
Provide a comparison table for correlation coefficient vs gradient vs intercept. 
Extend students by asking them to justify differences between strength (correlation) and rate of change (gradient).
Independent practice
Support students by prompting them to substitute values into the equation before interpreting the result in context. 
Allow students to compare responses with a partner and refine explanations using precise mathematical language. 
Extend students by asking them to critique the limitations of each model, including the impact of outliers and strength of correlation.

Standard 1 Mathematics adjustments and considerations
Mathematics Standard 1 students do not need to complete any work on interpreting the gradient and -intercept of the equation of the line of best fit. As this is the basis of this lesson, this lesson could be removed if you have a standalone Mathematics Standard 1 class. 
Alternatively, if you have a combined Mathematics Standard 1 and 2 class, you could modify this lesson for Mathematics Standard 1 students to allow them to complete further work on interpolating and extrapolating using the line of best fit.

Suggested opportunities for assessment
Activating prior knowledge 
Observe Think-Pair-Share responses to assess students’ understanding of the gradient and -intercept in context. 
Listen for the correct use of mathematical language, for example constant rate of change and linear relationship.
Connecting learning
Observe student descriptions of association to assess their interpretation of the correlation coefficient (strength and direction). 
Ask students to justify the reliability of predictions that could be made using the model to assess their understanding of interpolation compared to extrapolation. 
Releasing responsibility
Use responses to multiple-choice questions (finger voting) to formatively assess conceptual understanding. 
Review comparison notes (correlation vs gradient vs intercept) to assess clarity of distinctions. 
Monitor student explanations to assess their ability to link graphical and contextual meaning. 
Independent practice
Review student responses in Appendix B to assess their ability to interpret the gradient and -intercept, make predictions and evaluate models. 

[bookmark: _Appendix_A]Appendix A 
Correlation coefficient, gradient and -intercept
	Feature
	Correlation coefficient ()
	Gradient of the line of best fit
	-intercept of the line of best fit

	What it describes and any specific range of values
	
	
	




[bookmark: _Appendix_B]Appendix B
Interpreting and evaluating the equation of the line of best fit
Dataset 1: engine size and fuel use
The equation of the line of best fit for the scatter plot below is: .
[image: This scatter plot shows a moderate negative linear relationship. The points trend downward from left to right, and the line shown is the line of best fit representing this relationship. The vertical axis is labelled 'Fuel use (in km/L) and the horizontal axis is labelled 'Engine size (in litres). ]
Describe what the gradient tells us about the relationship between engine size and fuel use.
Describe what the -intercept represents in this context and explain whether the 
-intercept is meaningful in this context.
Predict the fuel use of a car with an engine size of 4 L, using the equation of the line of best fit. Show your working.
A car has a fuel use of 8 km/L. Use the equation of the line of best fit to determine its engine size. Show your working.
Explain whether this model would be appropriate for predicting fuel use for very large engine sizes.

Dataset 2: number of goods manufactured and energy costs
The equation of the line of best fit of the below scatter plot is: .
[image: This scatter plot shows a strong positive linear relationship. The points rise from left to right and cluster closely around the line of best fit, indicating a strong association. The vertical axis is labelled 'Energy costs ($)' and the horizontal axis is labelled 'Number of goods manufactured.]
[bookmark: _Appendix_C]A factory uses this model to estimate monthly energy costs based on the number of goods manufactured.
1. Explain what the gradient and -intercept suggest about the structure of the factory’s energy costs.
A manager claims:
‘If we produce zero goods, our energy costs should be $0.’
Use the model to evaluate this claim.
Another employee uses the model to predict energy costs for producing 10 000 goods.
Explain why this prediction may not be reliable.
Does this model prove that producing more goods causes energy costs to increase?
Justify your answer using reasoning.


Reflection
1. How does the meaning of the -intercept differ between the 2 datasets?
Which model would you trust more for making predictions? Justify your answer using features of the model and the context.
For one of the models, describe a situation where it would give an unreliable prediction and explain why.

Sample solutions
Appendix A – correlation coefficient, gradient and -intercept
	Feature
	Correlation coefficient (r)
	Gradient of the line of best fit
	-intercept of the line of best fit

	What it describes and any specific range of values
	The strength and direction of the linear association.
Always between −1 and 1.
	How much the dependent variable changes for each 1 unit increase in the independent variable.
	The value when .




[bookmark: _Appendix_B_–]Appendix B – interpreting and evaluating the equation of the line of best fit
Dataset 1: engine size and fuel use
1. For each increase of 1 L in engine size, fuel use decreases by 1.5 km/L. 
The predicted fuel use of a car with an engine size of 0 L. No, the -intercept does not make sense in this context as a car cannot have an engine size of 0 L.

Fuel use is 9.5 km/L when engine size is 4 L.
 
Engine size is 5 L when fuel use is 8 km/L.
The model is not appropriate, as predictors outside the data range may be unreliable and fuel use cannot decrease indefinitely.
Dataset 2: goods manufactured and energy costs
1. The gradient shows that for each additional good manufactured, energy costs increase by $3. The -intercept represents the fixed energy cost when no goods are produced. 
The claim is incorrect. The model shows energy costs of $594 when 0 goods are produced, indicating fixed costs such as machinery or base electricity usage. 
Not reliable, as this is far outside the data range. The linear model may not hold at extremely high production levels due to changing efficiencies or constraints. 
No. The model shows a relationship between goods produced and energy costs but does not prove causation. Other factors, such as machine efficiency or operating hours, may also influence energy costs.


Reflection
1. Dataset 1 has a-intercept that represents the fuel efficiency at 0 L, which is not meaningful in this context and reduces the usefulness of the model. In contrast, dataset 2 has a -intercept that represents a fixed cost when no goods are produced, which is realistic and makes the model more useful for predictions.
The model for goods manufactured and energy costs is more reliable for making predictions. The -intercept represents a realistic fixed cost when no goods are produced, and the relationship is likely to remain consistent within the data range. In contrast, the engine size model has a -intercept that is not meaningful in context, reducing confidence in its predictions.
Option 1: The engine size and fuel use model would give unreliable predictions for very large engine sizes, such as 10 L or more. This is because the model predicts fuel efficiency would continue to decrease linearly, which is unrealistic as fuel efficiency cannot decrease indefinitely and the relationship may not remain linear outside the data range. 
Option 2: The goods manufactured and energy cost model would be unreliable for extremely high production levels, such as 10 000 goods. This is because the linear model assumes a constant cost per item, which may not hold due to changes in efficiency or resource limitations, making predictions outside the data range less reliable.
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