
Creating scatter plots using spreadsheets
In this lesson, students investigate how scatter plots display relationships between variables and distinguish association from causation. They use spreadsheets to efficiently generate and interpret graphical displays of bivariate data.
Students will need at least one digital device per pair to interact with spreadsheets during this lesson.
Learning intentions
To understand and represent the relationship between 2 variables. 
To be able to distinguish between association and causation.
Success criteria
I can create a scatter plot from bivariate data using a spreadsheet.
I can describe the association between 2 variables from a scatter plot.
I can explain whether an association between the independent and dependent variables may be causal.
I can make observations about a potential causal relationship given a scatter plot.

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
Associated Numeracy outcomes
A student: 
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 applies appropriate numeracy operations and techniques to analyse and resolve everyday situations N6-2.6 
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 
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Content
Mathematics Standard 2
Bivariate datasets
Analyse relationships between independent and dependent variables that may be described as causal
Scatter plots and lines of best fit
Use a spreadsheet to construct a scatter plot and the least-squares regression line for a bivariate dataset
Mathematics Standard 1
Bivariate datasets
Analyse relationships between independent and dependent variables that may be described as causal
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 view slide 4 of the PowerPoint Creating scatter plots using spreadsheets showing a scatter plot with errors and identify how the errors should be corrected.
	Think-Pair-Share
	Reinforce correct construction of scatter plots, including axis placement, accurate plotting of points and not joining points with a line.

	Connecting learning
	Students analyse a scatter plot on slide 6 to describe an association, then evaluate a claim of causation on slide 7. They construct and interpret scatter plots using worksheets Dataset 1 and 2 from the spreadsheet Creating scatter plots using spreadsheets. They investigate relationships and compare how dataset size affects conclusions.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	The purpose of this section is for students to describe associations and distinguish them from causation. Teachers should emphasise how larger datasets provide more reliable conclusions.

	Releasing responsibility
	Students evaluate the efficiency of constructing scatter plots by hand for different datasets, then use slide 9 to summarise the steps for creating scatter plots in a spreadsheet. They create notes to their future forgetful selves, discussing how construction errors affect interpretation and how to analyse relationships between variables that may be described as causal.
	Pose-Pause-Pounce-Bounce 
Notes to future forgetful selves
	The purpose of this section is to reinforce that accurate construction of scatter plots is essential for valid interpretation. The aim is to highlight that misrepresenting variables or axes can lead to incorrect conclusions about association and causality.

	Independent practice
	Students make a prediction about the relationship between humidity and rainfall, then construct and analyse a scatter plot using the Dataset 3 worksheet to test their prediction. They answer questions using slide 11 and compare and justify their conclusions with a partner.
	
	The aim is for students to apply their understanding by constructing and interpreting scatter plots to test predictions about relationships between variables, and to justify their conclusions about association using both graphical evidence and context.
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Activity structure
Please use the associated PowerPoint Creating scatter plots using spreadsheets to display images in this lesson.
Activating prior knowledge
1. Display slide 4 of the PowerPoint which shows a scatter plot with multiple errors.
1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), have students:
identify the errors made from the construction of the scatter plot
explain how the errors should be corrected.
Errors in the scatter plot include the independent and dependent variables being plotted on the incorrect axes; the points joined with a line; and a point plotted in the wrong location.
This activity reinforces correct graphing practices and connects to prior learning about independent and dependent variables before students interpret scatter plots.
Connecting learning
1. Display slide 6 which shows a scatter plot of jumper sales and air conditioner energy consumption over October to April. 
1. In a Think-Pair-Share, ask students:
What do you notice about how the jumper sales change as air conditioner energy consumption changes?
How might you describe the pattern you see in the scatter plot?
Allow students to describe the pattern using informal language. For example, it decreases, there is a downward trend, they change in opposite directions. Guide students to articulate that the scatter plot suggests the 2 variables vary together. 
Explain to students that we describe this relationship as an association between the variables. Animate slide 6 to show the NESA Glossary definition of ‘association’ and ‘relationship between pairs of numerical variables’ (NESA 2024).
Display slide 7 which shows the following statement:
The more we use air conditioners, the fewer jumpers people buy. So, air conditioning must be the cause of fewer jumper sales … Right?
Use the Pose-Pause-Pounce-Bounce questioning strategy [PDF 557KB] (bit.ly/posepausepouncebounce) to initiate a class discussion asking if students agree with this statement, providing reasons.
Encourage students to justify their reasoning. Guide students to recognise that the graph suggests an association between the variables, but it does not prove cause and effect. 
Animate slide 7 to show students the NESA Glossary definition of causal relationship and explain that a causal relationship occurs when changes in one variable directly produce changes in another. Conclude that the scenario does not represent a causal relationship. 
Highlight the language by explaining that the word ‘causal’ comes from the word ‘cause’, meaning that one makes another thing happen.
Pose and discuss the question with the class: ‘If air conditioning is not causing jumper sales to decrease, what else might explain why both variables change together?'
Students may suggest factors such as weather, season or temperature. Guide students to recognise that temperature is influencing both variables.
Explain to students that this relationship can be explored using real temperature data and air conditioner energy consumption data.
Provide pairs of students with the Creating scatter plots using spreadsheets spreadsheet containing daily weather observations for Albury and air conditioner energy consumption.
There are instructions on how to distribute a spreadsheet in Appendix A ‘Save a local copy of a file’. 
Instruct students to navigate to the ‘Dataset 1’ tab and display the spreadsheet for the class to see. 
Ask students whether the relationship between maximum temperature and air conditioner energy consumption can be interpreted directly from the table of values.
Demonstrate how to create a scatter plot for this bivariate data using a spreadsheet. Pause to allow students to do the same on their own spreadsheet. 
Highlight both columns of data, including the headings, ensuring the first column represents the independent variable and the second column represents the dependent variable.
Select Insert, then Scatter plot from the charts section.
Click on the graph and select the + symbol. Select the axis titles and label the -axis maximum temperature and the -axis air conditioner energy consumption.
Figure 1: Chart elements in Microsoft Excel
[image: Microsoft Excel Chart Elements pane showing checkboxes for ‘Axes’, ‘Axis Titles’, ‘Chart Title’ and ‘Gridlines’ ticked, with ‘Data Labels’, ‘Error Bars’, ‘Legend’ and ‘Trendline’ unticked.]
Click on the title and edit it to suit the data of the scatter plot.
Initiate a class discussion and ask students to use their scatter plot to interpret the relationship between temperature and air conditioner energy consumption. Some suggested prompts may include:
What do you notice about how the air conditioner energy consumption changes as the temperature changes?
What does this suggest about the association between temperature and air conditioner energy consumption?
Does this association appear to be causal? Why or why not?
Guide students to recognise that as temperature increases, air conditioner energy consumption generally increases. Prompt students to consider whether this relationship is causal, drawing on context. Students should recognise that this association may be causal, as higher temperatures lead to increased use of air conditioning, which increases energy consumption. Encourage students to justify their reasoning using both the pattern in the scatter plot and their understanding of the context.
Ask students to progress to Dataset 2 on their spreadsheet. Ask students how this data differs from Dataset 1. 
Students may notice that Dataset 2 contains more data points than Dataset 1. This larger dataset can provide a more reliable and accurate representation of the relationship between the variables, as patterns and trends are less likely to be influenced by anomalies or a small sample size.
Allow time for students to create a scatter plot of this data and respond to the accompanying questions. Encourage students to compare their responses with those from the previous dataset and consider whether a larger dataset has changed their conclusions.
Releasing responsibility
1. Initiate a class discussion on whether a scatter plot could realistically be constructed by hand for Dataset 1 or Dataset 2 and discuss the advantages of using spreadsheets for larger datasets.
Guide students to recognise that as datasets become larger, constructing scatter plots by hand becomes time-consuming and inefficient. 
Display slide 9 which shows a screenshot of the dataset from the spreadsheet, along with the spreadsheet toolbar. Students are to create notes to their future forgetful selves (bit.ly/notestofutureself) on how to create a scatter plot using a spreadsheet, as well as examples of what might be a causal relationship. 
Animate slide 9 and, use the provided self-explanation prompts to guide students in summarising the steps for creating a scatter plot using a spreadsheet.
Use the Pose-Pause-Pounce-Bounce questioning strategy to initiate a class discussion using the following questions:
How can you verify that your graph accurately represents the data and the variables?
How could an error in your graph lead to an incorrect conclusion about whether the association is causal?
Prompt students to recognise that:
· the independent variable should be in the first column and the dependent variable should be in the second column of the spreadsheet
· the axis labels need to match the variable placed on each axis.
Guide students to recognise that these are the errors that would most affect interpretation, as they can change the direction or meaning of the association. Emphasise that incorrect construction may lead to incorrect conclusions, particularly when deciding whether an association is causal.
Independent practice
1. Ask students to navigate to Dataset 3 on their spreadsheet. Pose the following question and ask students to make a prediction:
Do you think higher humidity means it is more likely to rain? Why?
Students are to create a scatter plot using the dataset to test their prediction, ensuring that:
the independent and dependent variables are correctly identified and presented on the axes
an appropriate title is included.
Students should use their scatter plot to answer the accompanying questions on the spreadsheet, which are also shown on slide 11.
Sample solutions for the questions have been provided. 
Have students compare their solutions with a partner and justify any differences in their conclusions.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Provide guiding questions or prompts (for example, ‘What does the -axis represent?’) to support students in identifying errors in the scatter plot.
Support students by focusing on identifying one error before extending to multiple errors.
Extend students by asking them to explain how the errors impact the interpretation of the data.
Connecting learning 
Provide sentence stems (for example, ‘As one variable increases, the other … ’) to support students describing the association.
Extend students by asking them to explain how the graph supports an association and why it does not imply causation.
Allow students to work with a partner to discuss steps, check graph construction and interpret the relationship.
Releasing responsibility
Extend students by asking them to justify how errors in construction would impact conclusions about association and causation.
Independent practice
Support students by providing partially completed graphs.


Mathematics Standard 1 adjustments and considerations
	Section
	Details

	Connecting learning
	Mathematics Standard 1 students do not need to create scatter plots using technology. A completed scatter plot can be provided for students to interpret.

	Releasing responsibility
	Mathematics Standard 1 students do not need to create scatter plots using technology. Slide 10 can be removed.
Students can complete notes to their future forgetful selves, excluding how to generate a scatter plot using a spreadsheet.

	Independent practice
	Mathematics Standard 1 students do not need to create scatter plots using technology. A completed scatter plot can be provided for students to interpret.




Suggested opportunities for assessment
Activating prior knowledge 
Observe student responses during Think-Pair-Share to assess that they can correctly identify errors in the scatter plot.
Ask students to justify how each error should be corrected to assess their understanding of correct scatter plot construction.
Connecting learning 
Observe student responses during the Think-Pair-Share to assess whether they can describe the association between the variables.
Ask students to justify whether the relationship is causal to assess their understanding of association compared to causation.
Ask students to interpret the scatter plot to assess their understanding of the association between temperature and air conditioner energy consumption.
Releasing responsibility
Observe student responses during the discussion to assess their understanding of why spreadsheets are more efficient for large datasets. 
Review students’ notes to assess their understanding of the steps required to create a scatter plot using a spreadsheet. 
Independent practice
Observe students as they construct scatter plots in a spreadsheet to assess whether they correctly identify variables, label axes and represent data accurately. 
Review student responses to the questions to assess their ability to interpret the scatter plot, including describing the association and reasoning about causation. 

[bookmark: _Appendix_A]Appendix A
Save a local copy of a file
How to save a local copy of an Excel spreadsheet.
File sharing and saving
1. Save the Excel file Comparing scatter plots using spreadsheets in a place where students can easily access the file.
This could be done through Google Classroom, by sharing a OneNote link or by emailing students a copy of the document.
7. Have students open the document on their own digital device.
8. Instruct students to select the File tab and then Save a Copy.
[image: Screenshot of a sidebar menu showing navigation options including ‘Home’, ‘New’, ‘Open’, ‘Get Add-ins’, ‘Info’, and ‘Save a Copy’, with ‘Save a Copy’ highlighted.]
9. Students can save the document in their individual OneDrive by selecting OneDrive as shown in the below screenshot.
[image: Screenshot of a ‘Save a Copy’ pop-up showing save options including ‘Content Manager’, ‘Recent locations’ and ‘OneDrive (NSW Department of Education, @det.nsw.edu.au)’ with icons for each option and ‘OneDrive’ highlighted.]
10. Best practice would be to keep the file name the same. Students can then select Save and a copy will be stored on their OneDrive.

Sample solutions
Connecting learning activity – Dataset 2
1. As the temperature increases, the number of jumpers sold generally decreases. The scatter plot shows a downward trend, indicating that higher temperatures are associated with lower jumper sales.
1. The scatter plot shows a downward trend, indicating that higher temperatures are associated with lower jumper sales. As one variable increases (temperature), the other variables (jumper sales) decreases.
Yes, this association may be causal because temperature can directly influence people’s clothing choices. When the temperature is higher, people are less likely to buy jumpers as they do not need to wear them, and when the temperature is lower, people are more likely to buy them. This means changes in temperature can lead to changes in jumper sales.
Independent practice activity – Dataset 3
1. Solutions will vary based on students’ initial expectation.
Rainfall does not change consistently as humidity increases. At similar humidity levels, rainfall varies widely, including both high rainfall and no rainfall. There is no clear pattern in how rainfall changes with humidity.
There is no clear association between humidity and rainfall. The data points are scattered with no consistent trend.
This association does not appear to be causal. The scatter plot does not show a clear relationship between humidity and rainfall, so there is no evidence that changes in humidity directly cause changes in rainfall.
Rainfall is influenced by factors such as air pressure, temperature, wind patterns and cloud formation. Because these factors also affect rainfall, humidity alone cannot explain when it will rain. This supports the conclusion that the relationship is not causal.
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