
Introducing polynomials
By using business sales models, students will be introduced to polynomials and see how mathematical modelling and using polynomials can create predictability.
Students will need at least one digital device per pair to interact with a graphing calculator.
Learning intention
To be able to understand and use terminology and the key features of a polynomial function to determine classification and end behaviour.
Success criteria
I can correctly identify the degree, leading term, leading coefficient and constant terms of a given polynomial.
I can classify polynomials as monic, non-monic, or zero and justify my reasoning. 
I can explain and predict the end behaviour of a polynomial using its degree and leading coefficient.


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
applies the remainder and factor theorem and sums and products of zeroes to solve problems involving polynomials ME1-11-02
Content
Language and graphs of polynomials
Define a polynomial function  of degree  where  is a non-negative integer, to be a function that can be expressed in the form   , for real  and 
Define the leading term of  to be the term of the highest degree and define the leading coefficient of  to be the coefficient of the leading term
Define the constant term of  to be 
Define a polynomial to be monic if its leading coefficient is 1
Define the zero polynomial to be  to be the polynomial with all the coefficients equal to zero and recognise that the zero polynomial has no leading term, no leading coefficient, no leading degree and constant term 0
Determine the degree of  when two non-zero polynomials  and , of degrees  and  respectively, are added
Explain how the leading coefficient and the degree determine whether  or  as  and as 
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students watch ‘Hook Video Day 1, Polynomials (Machine Learning/AI) | Algebra 2’ (1:33) (bit.ly/PolynomialMachineLearning), then list examples of machine learning they have encountered. Using slide 4 of the PowerPoint Introducing polynomials, the teacher introduces a grocery‑store context and asks students to identify patterns in the income-purchasing versus produce-purchasing data. Slide 5 is used to model predictions using linear and quadratic models, followed by a brief discussion of accuracy and limitations. Slides 6–7 introduce higher-degree models and invite students to compare which model best fits the data.
	Think-Pair-Share
	This section activates students’ understanding of modelling and prepares them to see polynomials as tools for prediction. It builds conceptual readiness for polynomial terminology by grounding the lesson in a real-world context.

	Connecting learning
	Using slides 9–15, students develop definitions for terminology. The teacher then confirms these definitions and distributes Appendix A for consolidation. Students next explore end behaviour using slide 16 and Appendix B, supported by graphing technology, and then discuss the relationship between degree, leading coefficient and end behaviour using slide 17.
	Think-Pair-Share
Variation Theory
	This section formalises the language of polynomials and links algebraic structure and graphical behaviour. It directly addresses syllabus content on defining polynomial components and explaining how degree and leading coefficient determine end behaviour. 

	Releasing responsibility
	Students write notes summarising terminology and end-behaviour rules. Using slides 19–20, they classify expressions as polynomials or not, justifying their reasoning. Slides 21–24 provide worked examples and ‘Your turn’ questions on end behaviour and adding polynomials. Slide 25 prompts students to refine the rule for determining the degree of a sum after combining like terms.
	Notes to future forgetful selves
Pose-Pause-Pounce-Bounce
Worked examples (Your turn)
Think-Pair-Share
	This phase shifts cognitive load to students, requiring them to apply definitions and reasoning independently. It reinforces the syllabus focus on identifying polynomial structure and determining degree and end behaviour of sums. 

	Independent practice
	Students respond to prompts on slide 27, then work in groups to analyse 3 polynomial models. They compare the degree, leading coefficient and end behaviour to judge model suitability. Students then write a polynomial, pair up with another student, add their polynomials and determine the degree and end behaviour of the sum.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	This section consolidates learning by requiring students to apply polynomial terminology and end-behaviour rules in authentic modelling decisions. It addresses syllabus outcomes on determining the degree of sums and interpreting polynomial behaviour.
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Activity structure
Please use the associated PowerPoint Introducing polynomials to display images in this lesson.
Activating prior knowledge
Watch the video ‘Hook Video Day 1, Polynomials (Machine Learning/AI) | Algebra 2’ (1:33) (bit.ly/PolynomialMachineLearning). 
Following the video, ask students to list some examples of machine learning that they have experienced.
Examples could include an AI model, like NSW EduChat, a phone autocorrecting a word, a streaming service recommending what to watch or social media advertising.
From this discussion, conclude with students that machine learning and artificial intelligence are trained by using existing data to make predictions about new data.
Display slide 4 of the PowerPoint and introduce the context that a grocery chain collected data on its customers, their incomes and how much produce they purchased.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students what general patterns they can see in the data. 
In very low household incomes, there is a moderate number of fruits and vegetables purchased, possibly due to government income assistance. As income increases, fruit and vegetable purchasing decreases then begins to increase again, possibly due to available funds to purchase these or time to include them in dishes.
Ask students to decide whether the trend on slide 4 is linear or non‑linear and justify their choice.
Progress to slide 5 and inform students that the grocery chain initially uses very basic modelling and that these basic models only use a few points of data.
Click to animate slide 5 and have students calculate the number of fruit and vegetables purchased using the formulas for the linear and quadratic models. 
Solutions for slide 5 are 14 and 12.
Ask students to comment on:
the accuracy of each model compared to the trend they see in the data
how the model could be made more accurate.
Progress to slides 6–7 and explain that the grocery chain has improved their model by allowing it to capture more complex patterns in the data.
In a Think-Pair-Share, ask which of these models provide a more accurate prediction of the number of fruits and vegetables purchased. 
Connecting learning
Language of a polynomial
1. Progress to slide 9 and explain to students that all 4 models they looked at earlier are polynomials. Highlight that some polynomials have special names. Ask students if they recognise the names for the first 2 polynomial models they saw on slide 5.
Using slides 10–13, have students complete a Think-Pair-Share for each slide to create a self-definition for the terminologies of ‘degree’, ‘leading term’, ‘leading coefficient’ and ‘constant’ of a polynomial. 
Progress to slide 14 to confirm students’ understanding of the language of a polynomial and highlight to students that ‘degree of a polynomial’ can be written as .Each term animates. 
Use slide 15 to provide a formal definition of a ‘polynomial’. 
Distribute Appendix A ‘Language of a polynomial’ for students to consolidate their understanding of polynomial terminology, including those from quadratics content.
Some of the terms listed in Appendix A have not been discussed in the context of polynomials, but students should be able to transfer the terminology from Stage 5.
Impact of leading coefficient and degree on the end points of a polynomial
1. Using slide 16, explain to students that every polynomial has what we call ‘end behaviour’, the trend of the function values as 𝑥 approaches positive or negative infinity. For any polynomial, the function values will head toward  or , as  becomes very large in the positive or negative direction. 
Animate slide 16 to have students consider a graph of a polynomial and the end behaviour.
Distribute Appendix B ‘End behaviour of a polynomial’ which uses Variation Theory (variationtheory.com/introduction/) to connect learning through a gradual release of small changes.
Students will need access to graphing software on a digital device to complete the appendix.
On completion of Appendix B, display slide 17 and have students consider the prompt in a Think-Pair-Share.
Animate slide 17 to show a summary of the relationship and have students attempt to explain why the relationship exists between the degree, leading coefficient and the end behaviour.
Table 2: relationship between the degree, leading coefficient and the end behaviour
	Degree
	Leading coefficient
	As 
	As 

	Even
	Positive
	 
	 

	Even
	Negative
	 
	 

	Odd
	Positive
	 
	 

	Odd
	Negative
	 
	 


Releasing responsibility
1. Instruct students to create notes to their future forgetful selves (bit.ly/notestofutureself), summarising the:
terminology used with polynomials
relationship between the degree and the leading coefficient of a polynomial
behaviour of the polynomial when .
Using slides 19–20, have students consider the given expression:
As a class, students provide a ‘thumbs up’ if it fits the definition of a polynomial and a ‘thumbs down’ if it does not. 
Animate the slide to provide the solution. 
If the provided expression was not a polynomial, ask students to justify why the expression was not a polynomial. Animate to provide a simple justification. 
If the provided expression was a polynomial, use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to have students provide relevant information about the polynomial such as: ‘degree’, ‘leading ‘coefficient’, ‘constant term’.
Animate to progress to the following expression. 
Use slides 21–24 and the Worked example (Your turn) method (bit.ly/supportingstrategies).to consolidate understanding of end behaviour and to consider the impact of adding polynomials 
Ask students if the following summary for adding polynomials is satisfactory.
When you add 2 polynomials, you can just look at the highest degree from either polynomial to work out the degree and end behaviour of the sum.
Progress to slide 25. In a Think-Pair-share, ask students if the previous summary is still satisfactory.
Animate slide 25 to prompt students to make an amendment to the statement in their pairs.
Ask students to share their amended statements and conclude with the following statement.
The degree of  is the is the highest power of x that remains after combining like terms, noting that higher-degree terms may cancel.
Independent practice
1. Display slide 27 and provide students time to consider the prompts.
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (VNPS) (bit.ly/VNPSstrategy) and instruct them to provide a response to each prompt on slide 27. 
Upon completion, instruct students to conduct a gallery walk (bit.ly/DLSgallerywalk) to compare how each group has organised their thinking.
Lead a class discussion with students to consider the following features for their chosen model:
degree
sign of the leading coefficient
end behaviour.
Instruct students to individually write down a polynomial with a maximum degree of 6.
To assist with randomising the degree of the polynomial across the class, the teacher may wish to have students roll 2 dice, one to determine the degree of the polynomial and the other to determine the sign of the coefficient, where even is a positive coefficient and odd is a negative coefficient. Students could use the sum of the dice as the value of the leading coefficient. 
Have students walk around the room and make pairs.
Pairs are to add their polynomials together and state the degree and end behaviour.
Repeat steps 6 and 7 as necessary.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge
Offer a partially completed table comparing model predictions.
Ask students to critique the appropriateness of using extremely high‑degree models to draw conclusions or sketch what a ‘reasonable’ model might look like before seeing the polynomial.
Connecting learning
Provide worked examples of identifying terms or allow students to highlight the highest-degree term in colour.
Students could be offered guided graphing steps for Appendix B.
Challenge students to predict end behaviour before graphing or to create their own polynomial and justify its behaviour.
Releasing responsibility
Provide sentence starters for justifying whether an expression is a polynomial or offer a checklist for identifying the degree and leading coefficient.
Ask students to design polynomials where the leading terms cancel.
Independent practice
Provide guiding questions such as ‘Which term has the most impact on the polynomial as ?’ or a template for comparing models. 
Ask students to justify which model might overfit or underfit the data (where the degree of the polynomial is either too high or too low), or to propose a modified model with improved behaviour.


Suggested opportunities for assessment
Activating prior knowledge
Observe student explanations during the Think‑Pair‑Share for evidence of understanding trends and model limitations.
Check whether students can articulate why the linear and quadratic predictions differ from the trendline.
Connecting learning
Review Appendix A for accuracy in identifying polynomial features.
Listen for precise mathematical language during class discussion.
Releasing responsibility
Evaluate the clarity and correctness of students’ ‘notes to future forgetful selves’.
Listen to justifications during ‘thumbs‑up’/’thumbs‑down’ classification.
Independent practice
Review gallery-walk annotations for evidence‑based justification.
Check individual polynomial-addition tasks for accurate determination of degree and end behaviour.


[bookmark: _Appendix_A]Appendix A
Language of a polynomial
Match the polynomial term on the left-hand side with its correct definition on the right-hand side.
	leading coefficient 
	The highest power of  that appears in a polynomial.

	degree 
	A polynomial whose leading coefficient is not 1.

	constant term
	The coefficient of the term involving the highest power in a polynomial.

	monic polynomial
	A polynomial which has all coefficients equal to zero.

	non-monic polynomial
	A fixed numerical value.

	zero polynomial 
	A polynomial whose leading coefficient is 1.




Complete the following table to categorise the following polynomials.
	Polynomial 
	Leading coefficient 
	Degree 
	Constant term
	Monic or non-monic?
	Zero or non-zero polynomial

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	0
	
	
	
	
	

	
	3
	4
	−7
	Non-monic
	Non-zero




[bookmark: _Appendix_B]Appendix B
End behaviour of a polynomial
Complete the table below, using graphing software to assist with examining the end behaviour as 
	Polynomial 
	Degree
	Leading coefficient
	End behaviour as 
	End behaviour as 

	
	
	
	 
	 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




Sample solutions
Appendix A – language of a polynomial
Leading coefficient: the coefficient of the term involving the highest power in a polynomial.
Degree: the highest power of  that appears in a polynomial.
Constant term: a fixed numerical value.
Monic polynomial: a polynomial whose leading coefficient is 1.
Non-monic polynomial: a polynomial whose leading coefficient is not 1.
Zero polynomial: a polynomial which has all coefficients equal to zero.


	Polynomial 
	Leading coefficient 
	Degree
	Constant term
	Monic or non-monic?
	Zero or non-zero polynomial

	
	3
	5
	−9
	Non-monic
	Non-zero

	
	−0.25
	3
	10
	Non-monic
	Non-zero

	
	−1
	4
	−5
	Non-monic
	Non-zero

	
	1
	2
	14
	Monic
	Non-zero

	
	No leading term
	Undefined 
	0
	Neither
	Zero polynomial

	
(multiple variations)
	3
	4
	−7
	Non-monic
	Non-zero




Appendix B – end behaviour of a polynomial
	Polynomial 
	Degree
	Leading coefficient
	End behaviour as 
	End behaviour as 

	
	Even
	Positive
	 
	 

	
	Even
	Positive
	 
	 

	
	Even
	Positive
	 
	 

	
	Even
	Negative
	 
	 

	
	Even
	Negative
	 
	 

	
	Even
	Negative
	 
	 

	
	Odd
	Positive
	 
	 

	
	Odd 
	Positive
	 
	 

	
	Odd 
	Negative
	 
	 

	
	Odd 
	Negative
	 
	 

	
	Odd 
	Negative
	 
	 

	
	Odd 
	Negative
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