Rationale for selecting/designing this problem/task sequence:
· In this activity, students will use their knowledge of writing an exact linear function (from Section 3.2) to write a model given exact linear data. This activity fits well with Section 3.3 in the Functions and Change text by Evans, Crauder, and Noell. 

Prerequisite Knowledge: 
· Students should be able to calculate the average rate of change. 
· Students should have knowledge of the average rate of change as the change in function for one unit of the change in variable. 
· Students should know that data values with a constant rate of change can be represented by a linear function. 
· Students should be able to write an exact linear function that models a given scenario. 

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. 
· Students will select the appropriate model for the given data.
· Students will conceptualize month as a measurable quantity and select measuring the independent variable as months since January for the missing data in their initial table.
· Students will conceptualize month as a measurable quantity and select measuring the independent variable as months after December from their initial table to find future values.
· Students will employ the model to perform operations (such as adding or subtracting the constant function change for each month) to predict missing table values. 
· Students will evaluate whether the table values support the trends of the model (increasing or decreasing). 
· Students will select and perform calculations for slope and intercepts and evaluate their meaning in terms of the scenario.

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 constant rate of change (CROC) with the given data to determine if a linear model is applicable. 
· Students will justify their linear model by analyzing key characteristics such as slope and intercepts. 
· Students will generalize across the five models about the key characteristics of linear models focusing on CROC. 

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 collaborate with group members about linear models. This provides students with an academic community to engage in discussion about the presented mathematical ideas. 
· Students will utilize study skills, such as referring to notes in order to engage with the material.
· Students will share their findings with their peers. 
· Students will apply academic success skills by problem solving with an application problem that should be of interest to them. 
· Students will persevere through the problem because they are working with a group rather than being given all material by the instructor. 
· Students will think critically about the scenario, how to write the formula, and the relationship between key characteristics on the equation and graph. 



































Modeling Table Data

Instructor Notes: 
· Students will need to create their own table to organize, analyze, and find missing data that was not provided for each business' revenue. In order to determine if a linear model is appropriate, they will need to look at rates of change to determine if there is a constant rate of change for each business' revenue. Teachers can encourage students/groups who are struggling to find an appropriate model by reminding them of key concepts or definitions. At this point in the course, linear models are the only models that have been clearly defined. This activity will reinforce the definition of exact linear models for students. If needed, guide students to calculating the AROC in part (1) in order to determine that the data has a constant rate of change, and, therefore, can be modeled by a linear function. 
· Students will discuss/present findings about their business’ revenue, how they created their model, what each piece of their model represents in terms of the revenue, and limitations.
· Students will be arranged into groups (not exceeding 5 groups) to analyze data on revenue for different businesses to make future predictions on how the revenue will change over the course of weeks/months/quarters/years.
Group 1: A Tech Startup has reported revenue for the past year that follows as such. 
1. Use this data to find an appropriate model, and fill in the missing data for the table:
i. February: $54,538.03
ii. April: $45,712.61
iii. July: $32,474.48
iv. September: $23,649.06
v. December: $10,410.93

Model: 
Completed Table
	m (months)
	R (revenue in USD)

	0 (Jan)
	$58950.74

	1 (Feb)
	$54538.03

	2 (Mar)
	$50125.32

	3 (April)
	$45712.61

	4 (May)
	$41299.90

	5 (Jun)
	$36887.19

	6 (Jul)
	$32474.48

	7 (Aug)
	$28061.77

	8 (Sep)
	$23649.06

	9 (Oct)
	$19236.35

	10 (Nov)
	$14823.64

	11 (Dec)
	$10410.93


Once students have found their model, they can use it to determine the following predictions:
2. Use your model to answer the following questions. 
a. According to your model, what was the revenue in the first month (January)? Justify your answer. 
$58950.74; The y-intercept for each business.
b. How does its revenue change over time? Explain this change in context of your business’ revenue.
 per month. 
The Tech Company is losing $4412.71 each month they are in business; Average rate of change/slope
c. Does your model predict a continuous growth/decline in revenue? Do you expect the revenue to mimic this growth/decline exactly? Why or why not?
Continuous decline in revenue. It would depend on if the tech company decided to address issues/challenges they are facing and make appropriate changes to increase revenue. If there are no changes made, continuous decline is appropriate.
d. Using a graphing utility, plot the given data along with your model. How does your answer to part (1) relate to the graph? How does your answer to part (2a) relate to the graph? How does your answer to part (2b) relate to the graph?
		Students should notice that their model (if accurate) should pass through all data points exactly 
		due to the data and graph both showing a constant rate of change. They should see that the 
		y-intercept on the graph is representing the initial revenue in the first month (January) and that 
		the slope is constant and matches part (2b). 
e. What does your model predict the revenue of your business to be over each of the next 12 months?
	m (months)
	R (revenue in USD)

	12 (Jan)
	$5998.22

	13 (Feb)
	$1585.51

	14 (Mar)
	-$2827.20

	15 (April)
	-$7239.91

	16 (May)
	-$11652.62

	17 (Jun)
	-$16065.33

	18 (Jul)
	-$20478.04

	19 (Aug)
	-$24890.75

	20 (Sep)
	-$29303.46

	21 (Oct)
	-$33716.17

	22 (Nov)
	-$38128.88

	23 (Dec)
	-$42541.59



f. What will the total revenue be over the next 12 months? Will your business survive another year of operation based on your model? Why or why not?
Based on this model, the company will have a total negative revenue of $867718.36. Following this current trend, the company will not survive another year of operation.
g. Discuss potential limitations your model has on the revenue.
Answers will vary, but some potential limitations are as follows:
1. Does not account for changes within the company
2. Does not account for changes in the economy
3. Assumes that the decline in revenue will be the same month to month
      h. Imagine the business experiences a sudden influx of new expenditures due to new legislation creating more restrictions on how companies operate. How might this unexpected event impact the accuracy of your model? What adjustments could be made to account for such unforeseen circumstances?
Answers will vary, but some impacts and adjustments are as follows:
1. Decrease in revenue will be more dramatic from month to month
2. New legislation may increase the necessity of product/company reversing the negative revenue per month.
3. Companies can increase the price of their products by a percentage to keep/improve marginal revenue.
4. Tech company could adjust the technology R & D to fit within the guidelines of new legislation.
i. Discuss more examples of potential real-world impacts on the revenue of businesses. 
	Answers will vary.



Group 2: An E-commerce store has reported revenue for the past year that follows as such. 
1. Use this data to find an appropriate model, and fill in the missing data for the table:
i. March: $29,994.81
ii. May: $31,980.68
iii. July: $33,996.57
iv. October: $36,945.39
v. November: $37,938.33
Model: 
Completed Table
	m (month)
	R (Revenue in USD)

	0 (Jan)
	$28008.93

	1 (Feb)
	$29001.87

	2 (Mar)
	$29994.81

	3 (April)
	$30987.75

	4 (May)
	$31980.69

	5 (Jun)
	$32973.63

	6 (Jul)
	$33996.57

	7 (Aug)
	$34959.51

	8 (Sep)
	$35952.45

	9 (Oct)
	$36945.39

	10 (Nov)
	$37938.33

	11 (Dec)
	$38931.27



2. Once students have found their model, they can use it to determine the following predictions:
a. According to your model, what was the revenue in the first month (January)? Justify your answer. 
$28008.93; The y-intercept for each business.
b. How does its revenue change over time? Explain this change in context of your business’ revenue.
$ per month. The E-commerce business is increasing its revenue every month by $992.94. Average rate of change/slope
c. Does your model predict a continuous growth/decline in revenue? Do you expect the revenue to mimic this growth/decline exactly? Why or why not?
Continuous growth in revenue. The market/demand will dictate interest in products provided by the E-commerce company. If the team can stay on top of the interests of consumers, revenue will remain increasing.
d. Using a graphing utility, plot the given data along with your model. How does your answer to part (1) relate to the graph? How does your answer to part (2a) relate to the graph? How does your answer to part (2b) relate to the graph?
		Students should notice that their model (if accurate) should pass through all data points exactly 
		due to the data and graph both showing a constant rate of change. They should see that the 
		y-intercept on the graph is representing the initial revenue in the first month (January) and that 
		the slope is constant and matches part (2b). 
e. What does your model predict the revenue of your business to be over each of the next 12 months?
	m (month)
	R (Revenue in USD)

	12 (Jan)
	$39924.21

	13 (Feb)
	$40917.15

	14 (Mar)
	$41910.09

	15 (April)
	$42903.03

	16 (May)
	$43895.97

	17 (Jun)
	$44888.91

	18 (Jul)
	$45881.85

	19 (Aug)
	$46874.79

	20 (Sep)
	$47867.73

	21 (Oct)
	$48860.67

	22 (Nov)
	$49853.61

	23 (Dec)
	$50846.55


f. What will the total revenue be over the next 12 months? Will your business survive another year of operation based on your model? Why or why not?
The total revenue over the next twelve months will be $236526.33, based on this model. Following the current business model, they will survive another year of operation, as long as revenue is not outgrown by the cost of operation.
g. Discuss potential limitations your model has on the revenue.
Answers will vary, but some limitations are as follows:
1. E-commerce is fickle with fads/consumer interests
2. Ignores rising costs such as overhead of the company
h. Imagine the business experiences a sudden influx of new expenditures due to new legislation creating more restrictions on how companies operate. How might this unexpected event impact the accuracy of your model? What adjustments could be made to account for such unforeseen circumstances?
Answers will vary, but some impacts and adjustments are as follows:
1. New restrictions on how E-commerce is defined may cause new vehicles for obtaining and shipping commerce.
2. New taxes cause an increase in cost, which puts the company in the red if revenue remains constant and the company is breaking even.
3. The company can ensure that they follow a tested model for obtaining and shipping commerce that have survived many changes to legislation.
4. The company can set aside extra profits to pay for new taxes, or explore available tax breaks.
i. Discuss more examples of potential real-world impacts on the revenue of businesses. 
	Answers will vary.
















Group 3: A Health and Wellness App has reported revenue for the past year that follows as such. 
1. Use this data to find an appropriate model, and fill in the missing data for the table:
i. February: $61,029.65
ii. March: $63,935.51
iii. May: $69,747.23
iv. August: $78,464.81
v. October: $84276.53

Completed Table
	m (month)
	R (Revenue in USD)

	0 (Jan)
	$58123.79

	1 (Feb)
	$61029.65

	2 (Mar)
	$63935.51

	3 (April)
	$66841.37

	4 (May)
	$69747.23

	5 (Jun)
	$72653.09

	6 (Jul)
	$75558.95

	7 (Aug)
	$78464.81

	8 (Sep)
	$81370.67

	9 (Oct)
	$84276.53

	10 (Nov)
	$87182.39

	11 (Dec)
	$90088.25



2.   Once students have found their model, they can use it to determine the following predictions:
a. According to your model, what was the revenue in the first month (January)?  Justify your answer. 
$58123.79; The y-intercept for each business.
b. How does its revenue change over time? Explain this change in context of your business’ revenue.
1. $; Average rate of change/slope
2. Revenue is increasing $2905.86 every month.
c. Does your model predict a continuous growth/decline in revenue? Do you expect the revenue to mimic this growth/decline exactly? Why or why not?
The linear model predicts continuous growth of revenue. If there are no changes needed for the company model, new legislation/costs, then continuous growth should be expected. Going past this first year of operation, continuous growth is hard to predict due to variable issues mentioned previously. 

d. Using a graphing utility, plot the given data along with your model. How does your answer to part (1) relate to the graph? How does your answer to part (2a) relate to the graph? How does your answer to part (2b) relate to the graph? 
		Students should notice that their model (if accurate) should pass through all data points exactly 
		due to the data and graph both showing a constant rate of change. They should see that the 
		y-intercept on the graph is representing the initial revenue in the first month (January) and that 
		the slope is constant and matches part (2b). 
e. What does your model predict the revenue of your business to be over each of the next 12 months?

	m (month)
	R (Revenue in USD)

	12 (Jan)
	-$30528.31

	13 (Feb)
	-$36758.64

	14 (Mar)
	-$42988.97

	15 (April)
	-$49219.3

	16 (May)
	-$55449.63

	17 (Jun)
	-$61679.96

	18 (Jul)
	-$67910.29

	19 (Aug)
	-$74140.62

	20 (Sep)
	-$80370.95

	21 (Oct)
	-$86601.28

	22 (Nov)
	-$92831.61

	23 (Dec)
	-$99061.94


f. What will the total revenue be over the next 12 months? Will your business survive another year of operation based on your model? Why or why not?
Our model predicts a total revenue of $668354.39 over the next twelve months. As long as cost does not exceed our revenue for multiple months, the company should remain in business.
g. Discuss potential limitations your model has on the revenue.
Answers will vary, but possible limitations include:
1. App crashing/bugs
2. Fads/consumer interests changing
3. App stores choosing not to allow app on their dashboard
h. Imagine the business experiences a sudden influx of new expenditures due to new legislation creating more restrictions on how companies operate. How might this unexpected event impact the accuracy of your model? What adjustments could be made to account for such unforeseen circumstances?
Answers will vary, but possible impacts and adjustments include:
1. App being banned (think TikTok)
a. Adjusting the app to comply with regulations to become available after ban.
2. Legislation requiring health apps to be backed by persons with certificates/degrees in health sciences to promote app.
a. Either finding someone with required certifications, or having one of the business partners obtaining them.
i. Discuss more examples of potential real-world impacts on the revenue of businesses. 
	Answers will vary.















Group 4: A Renewable Energy Solutions Provider has reported revenue for the past year that follows as such.   1.    Use this data to find an appropriate model, and fill in the missing data for the table:
vi. February: $38,005.32
vii. April: $25,544.66
viii. May: $19,314.33
ix. July: $6,853.67
x. August: $623.34

Completed Table
	m (month)
	R (Revenue in USD)

	0 (Jan)
	$44235.65

	1 (Feb)
	$38005.32

	2 (Mar)
	$31774.99

	3 (April)
	$25544.66

	4 (May)
	$19314.33

	5 (Jun)
	$13084.00

	6 (Jul)
	$6853.67

	7 (Aug)
	$623.34

	8 (Sep)
	-$5606.99

	9 (Oct)
	-$11837.32

	10 (Nov)
	-$18067.65

	11 (Dec)
	-$24297.98



2.    Once students have found their model, they can use it to determine the following predictions:
a. According to your model, what was the revenue in the first month (January)?  Justify your answer. 
$44235.65; The y-intercept for each business.
b. How does its revenue change over time? Explain this change in context of your business’ revenue.
; the company is losing $6230.33 every month.
c. Does your model predict a continuous growth/decline in revenue? Do you expect the revenue to mimic this growth/decline exactly? Why or why not?
The model predicts a continuous decline of $6230.33 in revenue, each month. If the company continues with their current business model, then the continuous decline in revenue should be expected. 
d. Using a graphing utility, plot the given data along with your model. How does your answer to part (1) relate to the graph? How does your answer to part (2a) relate to the graph? How does your answer to part (2b) relate to the graph? 
		Students should notice that their model (if accurate) should pass through all data points exactly 
		due to the data and graph both showing a constant rate of change. They should see that the 
		y-intercept on the graph is representing the initial revenue in the first month (January) and that 
		the slope is constant and matches part (2b). 
e. What does your model predict the revenue of your business to be over each of the next 12 months?
	m (month)
	R (Revenue in USD)

	12 (Jan)
	-$30528.31

	13 (Feb)
	-$36758.64

	14 (Mar)
	-$42988.97

	15 (April)
	-$49219.3

	16 (May)
	-$55449.63

	17 (Jun)
	-$61679.96

	18 (Jul)
	-$67910.29

	19 (Aug)
	-$74140.62

	20 (Sep)
	-$80370.95

	21 (Oct)
	-$86601.28

	22 (Nov)
	-$92831.61

	23 (Dec)
	-$99061.94



f. What will the total revenue be over the next 12 months? Will your business survive another year of operation based on your model? Why or why not?
If the company chooses to keep the current business model, then they will be in the negative revenue with a total of $1264133.65. They will not survive another year of operation.  
g. Discuss potential limitations your model has on the revenue.
Answers will vary. Possible limitations include:
1. Company deciding to change their business model to correct negative revenues.
2. Federal incentives which may cause consumers to seek more renewable energy sources causing revenue to increase.
h. Imagine the business experiences a sudden influx of new expenditures due to new legislation creating more restrictions on how companies operate. How might this unexpected event impact the accuracy of your model? What adjustments could be made to account for such unforeseen circumstances?
Answers will vary. Some possible impacts and adjustments are as follows:
1. Revenues become more negative, causing profits to plummet.
a. Finding new regulations out as soon as possible to become compliant as cost-effective as possible. 
2. Draining resources to create solar panels will increase costs and legislation may cause new restrictions on how resources are obtained.
a. R & D to create new solar panels more abundantly.
i. Discuss more examples of potential real-world impacts on the revenue of businesses. 
	Answers will vary.


















Group 5: A Content Creation Agency has reported revenue for the past year that follows as such. 
1. Use this data to find an appropriate model, and fill in the missing data for the table:
i. April: $19,000.89
ii. July: $ 20,009.13
iii. September: $20,681.29
iv. October: $21,017.37
v. December: $21,689.53

Completed Table
	m (month)
	R (Revenue in USD)

	0 (Jan)
	$17992.65

	1 (Feb)
	$18328.73

	2 (Mar)
	$18664.81

	3 (April)
	$19000.89

	4 (May)
	$19336.97

	5 (Jun)
	$19673.05

	6 (Jul)
	$20009.13

	7 (Aug)
	$20345.21

	8 (Sep)
	$20681.29

	9 (Oct)
	$21017.37

	10 (Nov)
	$21353.45

	11 (Dec)
	$21689.53



2. Once students have found their model, they can use it to determine the following predictions:
a. According to your model, what was the revenue in the first month (January)? Justify your answer. 
; The y-intercept for each business.
b. How does its revenue change over time? Explain this change in context of your business’ revenue.
 Average rate of change/slope. They are increasing revenue by $366.08 every month.
c. Does your model predict a continuous growth/decline in revenue? Do you expect the revenue to mimic this growth/decline exactly? Why or why not?
The model predicts continuous revenue growth. If the costs are not changed, and the business model remains unchanged, then the company will survive another year of operation.
d. Using a graphing utility, plot the given data along with your model. How does your answer to part (1) relate to the graph? How does your answer to part (2a) relate to the graph? How does your answer to part (2b) relate to the graph? 
		Students should notice that their model (if accurate) should pass through all data points exactly 
		due to the data and graph both showing a constant rate of change. They should see that the 
		y-intercept on the graph is representing the initial revenue in the first month (January) and that 
		the slope is constant and matches part (2b). 
e. What does your model predict the revenue of your business to be over each of the next 12 months?
	m (month)
	R (Revenue in USD)

	12 (Jan)
	$22025.61

	13 (Feb)
	$22361.69

	14 (Mar)
	$22697.77

	15 (April)
	$23033.85

	16 (May)
	$23369.93

	17 (Jun)
	$23706.01

	18 (Jul)
	$24042.09

	19 (Aug)
	$24378.17

	20 (Sep)
	$24714.25

	21 (Oct)
	$25050.33

	22 (Nov)
	$25386.41

	23 (Dec)
	$25722.49


f. What will the total revenue be over the next 12 months? Will your business survive another year of operation based on your model? Why or why not?
Based on the model, the company will have a total revenue of $88569.45 over the next twelve months. As long as cost remains lower than this revenue, the company will survive another year of operation.
g. Discuss potential limitations your model has on the revenue.
Answers will vary. Possible limitations include:
1. Changes in economic conditions
2. Overhead costs change
3. Change in user interests
h. Imagine the business experiences a sudden influx of new expenditures due to new legislation creating more restrictions on how companies operate. How might this unexpected event impact the accuracy of your model? What adjustments could be made to account for such unforeseen circumstances?
Answers will vary. New restrictions and adjustments could include:
1. Restrictions on how social media operates/advertises
a. Using multiple social media platforms/accounts to continue advertising products.
i. Discuss more examples of potential real-world impacts on the revenue of businesses. 
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