Rationale for selecting/designing this problem/task sequence:
· In this activity, students will apply the idea of average rate of change (from Chapter 1) to transition to linear models with constant rate of change (Chapter 3). This activity corresponds to Section 3.1 in the Functions and Change text by Evans, Crauder, and Noell. 

Prerequisite Knowledge: 
· Students should be able to perform basic mathematical calculations. 
· Students should be able to compute the average rate of change (AROC) given a graph, table, or words. 
· Students should be able to write basic equations from words. 

Learning objective(s) and alignment with Student Learning Outcomes (SLO From CEP Matrix):
· Interpret functions using real‐world contexts by translating across multiple representations, including symbols, tables, graphs, and words. 
· Identify and analyze families of functions, including linear, polynomial, rational, exponential, and logarithmic functions. 
· Determine key characteristics of functions, including global properties and local patterns of change, and interpret their meanings in context, including asymptotes, concavity, end behavior, extrema, increasing/decreasing intervals, and turning points. 
· Apply algebraic techniques and digital resources to create, analyze, and interpret appropriate models (either functions or systems of equations) of real‐life phenomena.

MIP Components of Inquiry:
This section outlines how our activity will meet the Mathematical Inquiry Project (MIP) criteria for active learning, meaningful applications, and academic success skills.

Active Learning: Students engage in active learning when they work to resolve a problematic situation whose resolution requires them to select, perform, and evaluate actions whose structures are equivalent to the structures of the concepts to be learned. 

In Activity 1, students will analyze data to determine average or constant rate of change. 
· Students will perform data analysis. This will include a visual analysis supported by the mathematical calculation of AROC along with a comparison of the AROC. 
· Students will employ a constant rate of change to make predictions about unknown function values. Students select the appropriate constant rate of change, understanding its meaning as change in function value for one unit of variable change, in order to perform calculations of completing the table of unknown function values. By describing how to determine the values, students evaluate that their actions make sense in terms of their understanding of rates of change. 
· Students will select and perform the calculations required to determine unknown function values. 
· Students will evaluate patterns in the calculations of average rate of change, notice that they are the same value, and reflect on how this constant rate of change is related to linearity. 
· Students will select that a constant rate of change is given with the scenario, then determine that a linear function is appropriate.  Students will evaluate their model by describing why a linear model is appropriate along with performing function value calculations to support work in previous parts. 

Meaningful Applications: Applications are meaningfully incorporated in a mathematics class to the extent that they support students in identifying mathematical relationships, making and justifying claims, and generalizing across contexts to extract common mathematical structure. 
· Students will use their knowledge of rate of change with the given data to determine if a linear model is applicable. 
· Students will justify that data with a constant rate of change can be modeled linearly by analyzing the AROC. 
· Students will generalize across the scenarios to identify data with a CROC as linear data.

Academic Success Skills: Academic success skills foster students’ construction of their identity as learners in ways that enable productive engagement in their education and the associated academic community. 
· Students will utilize study skills, such as referring to notes in order to engage with the material.
· Students will apply academic success skills by problem solving with an application problem that should be of interest to them. 
· Students will think critically about the scenario, how to write the formula, and the relationship between key characteristics on the equation and graph. 

Exploring Rates of Change

1) The graph shows information about the revenue per streaming customer for Netflix starting in 2016 and ending in 2023. 

a) Describe, in words, how the revenue is changing over time. 
[image: ]
Answers may vary. Students will probably notice the graph is increasing, in general, with some pieces of the graph changing quicker than others. They will most likely point out that 2022-2023 has a small decrease. It would be beneficial to point out that this graph is not representing consistent (constant) change. 
Note: The year starts at 2016 on the x-axis. The revenue, on the y-axis, does not start at 0, but is from 8.5 to 12.5 dollars. 




b) Find the average rate of change for each interval by using estimations of each revenue value. 
	Years
	16-17
	17-18
	18-19
	19-20
	20-21
	21-22
	22-23

	AROC
	0.82
	0.88
	0.51
	0.09
	0.76
	0.09
	-0.12


What are the units for the AROC? How did you determine the units? 

The units for AROC are dollars per year. It is determined by the units for the vertical change (revenue in dollars) and the units for the horizontal change (years). 


c) For which one-year time period is the revenue increasing the most rapidly? Increasing the least rapidly? Describe how you know. 

The revenue increased the most rapidly from 2017-2018. It increased the least rapidly during both 2019-2020 and 2021-2022. To determine the period of most rapid growth, it corresponds to the largest AROC. To determine the period of least rapid growth, it corresponds to the smallest AROC. Since the question only asks about increasing revenue, the last AROC, which is negative and indicates decrease, is not considered. 

2) The table below shows values of the height  of a roof as a function of distance  from the outside wall of a building. Both measurements are given in feet. 

	Distance , in feet
	0
	2
	6
	7

	Height , in feet
	10
	11
	13
	13.5




10 feet
Distance

a) Describe, in words, how the height changes in terms of distance. 

As the distance increases, the height is also increasing. 

b) Find the average rate of change for each interval. 

Distance 0 feet to 2 feet: 

AROC  or 

Distance 2 feet to 6 feet: 

AROC  or 

Distance 6 feet to 7 feet: 

AROC  or 


c) What do you notice? How does this compare to your answers for AROC in problem 1? 

The average rate of change is the same of . In problem 1, the average rates of change were different for every interval. In problem 2, the average rate of change is the same for every interval. 

d) Suppose this rate of change applies to the entire roofline. Fill in the missing values of the table. Describe, in words, how you determined the missing values.

	Distance  in feet
	0
	1
	2
	3
	4
	5
	6
	7

	Height  in feet
	10
	10.5
	11
	11.5
	12
	12.5
	13
	13.5



The AROC is 0.5 ft/ft. This means for each 1 unit of horizontal distance, the height will increase by 0.5 ft. To fill in the gaps on the table, increase the height by 0.5 for each 1 increase in distance. 





e) The graph to the right is a scatter plot of the table in part c. What do you notice about this graph? 
[image: ]


The graph increases at the same rate throughout the entire plot. 

Constant Rate of Change: CROC

The points could be connected to make a straight line. 




f) Why do you think this graph looks the way it does? 

This graph looks like a straight line because it is increasing at a constant 0.5 ft for every 1 ft of distance. This shows a constant rate/pattern. 



3) The revenue of video game consoles worldwide in 2018 was $16.52 billion. Each year after 2018, it increased by approximately 1.43 billion. 

a) Estimate the revenue of game consoles in 2019. 

 billion

b) Estimate the revenue of game consoles in 2024. 

 billion

c) Describe, in words, what the calculation  would represent in terms of this scenario. 

This would represent the revenue, in billion dollars, 12 years after 2018, or revenue in 2030. 

d) Describe, in words, what the calculation  would represent in terms of this scenario. 

This would represent the revenue, in billion dollars, 3 years before 2018, or revenue in 2015. 

e) What is the average rate of change for this scenario (include appropriate units)? Is it constant? 

The average rate of change is 1.43 billion dollars per year. Yes, it is the same throughout the scenario.

f) Write a function  that represents the scenario,  years after 2018. Describe how your function relates to the scenario. 



The 16.52 is the starting amount of revenue, which is the base revenue. The 1.43 represents the rate of change, which is constant in this scenario. It means the revenue is increasing by 1.43 billion dollars each year. 

g) What type of function did you write in part (f)? Why is this type of function appropriate for this scenario?

Linear, linear models are appropriate for scenarios that have a constant rate of change

[bookmark: _GoBack]h) Calculate  and  using the function found in part (f). How do these calculations relate to parts (c) and (d) in this problem? 

 billion dollars
 billion dollars

These calculations are the same as those described in the previous parts. This supports that the function in part (f) is accurately modeling the scenario.
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