Rationale for selecting/designing this problem/task sequence:
· In this activity, students will analyze data that is approximately linear and perform regression analysis in order to find an appropriate linear regression model. Students will see a nonlinear graph and transition to performing regression with a nonlinear model. This activity fits well with Section 3.4 in the Functions and Change text by Evans, Crauder, and Noell.

Prerequisite Knowledge: 
· Students should know how to write a linear model for exact or approximate linear data. 
· Students should be able to describe graphs with information such as maximums, minimums, intercepts, increasing, decreasing or constant intervals.

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 (linear versus nonlinear). 
· Students will perform data analysis to reorganize data to identify trends, AROC, etc. 
· Students will perform data analysis to identify key characteristics of the linear or nonlinear model. 
· Students will evaluate whether an exact or approximate model is more appropriate for the given data. 
· Students will perform calculations to evaluate the accuracy of their models. Such calculations may include finding function values and solving for variable values. 

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) and common ratios with the given data to determine if a linear or nonlinear (exponential) model is applicable. 
· Students will justify their linear or nonlinear model by analyzing key characteristics such as slope, intercepts, initial values, and multiplier. 
· Students will distinguish between exact and approximate linear or nonlinear models. 

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 apply academic success skills by problem solving with application problems that should be of interest to them. 
· Students will think critically about the scenarios, how to write the formulas, and the relationship between key characteristics on the equations and graphs. 
· Students will use technology to perform regression analysis. 
Linear or Not?

1. The following data shows the effects of exercising daily (minutes) has on the levels of cholesterol (mg/dl) for a group of adults ranging in age from 24 - 34.
[image: Chart]
a. Organize the data into a table. Use this data to determine a proper model for cholesterol levels versus daily exercise.
Table values will vary due to the exactness of the graph above, but should be close to the following:
	Exercise (minutes)
	LDL (mg/dl)

	5
	225

	6
	223

	7
	220

	8
	210

	9
	195

	10
	224

	11
	211

	12
	191

	13
	187

	14
	190

	15
	177

	16
	183

	17
	175

	18
	160

	19
	174

	20
	160

	21
	164

	22
	159

	23
	156

	24
	180

	25
	149

	26
	147

	27
	150

	28
	151

	29
	160

	30
	150

	31
	155

	32
	150

	33
	160

	34
	144

	35
	155




b. Does this data suggest an exact or regression model? Describe how you make your choice. 
Students should attempt to verify if there is a linear constant rate of change or any other commonalities (such as common ratio). They may also use the scatter plots as a visual inspection of modeling characteristics (such as linear versus having concavity). Upon investigation, they should determine that neither model will work, exactly, but a linear regression is appropriate.

c. What is your function? Utilize a graphing utility to create your function (graphing calculator or Desmos). If there are maximum(s), minimum(s), slope, intercepts, or concavity, interpret in terms of the context of the data. Be sure to include units.


Maximum cholesterol level from data given is 225, while the maximum from the linear regression model is 224.08, which is also the y-intercept. These different levels are due to linear regression being an approximate model for this data.

Minimum cholesterol level from data given is 145, while minimum cholesterol level from the linear regression model is 0. Again, this discrepancy is due to the linear regression model approximating this data. A zero level of cholesterol is improbable for a human being.

Students should identify that the domain is restricted to nonnegative values as cholesterol levels cannot be negative. Hence, there is a restricted number of minutes a person can exercise to reduce cholesterol. Similarly, having too low a cholesterol level increases risk of serious health risks.

Slope is -2.39773 mg/dl per minute of exercise. For every extra minute of exercise completed, the cholesterol level will decrease by -2.39773 mg/dl.



d. What trend do you notice from the data? Does your model confirm this trend? Why or why not?

Generally, the data shows a decrease in cholesterol levels as exercise minutes increase. Our model does confirm this trend due to our slope being negative, showing that with the increase in minutes of exercise, cholesterol levels will decrease.

e. If a person has a cholesterol level of 100 mg/dl, what duration of exercise does your model suggest? Suppose the exact amount of exercise required to achieve a cholesterol level of 100 mg/dl is 60 minutes, how accurate was your model? 




Our model suggests approximately 52 minutes of exercise to achieve the cholesterol level of 100 mg/dl. This model is fairly accurate, off by approximately 8 minutes. Graphically, we can see from the scatter plot, along with the regression model plotted in the same coordinate plane that the data near the lower levels are more closely grouped around, and on, the linear model.






f. Why does a linear model for this data seem more appropriate than a quadratic model?

Students can check first and second ordered differences to determine if either model is more appropriate. Students can, also, attempt to create both a linear and quadratic regression model for data. Upon inspection, students should recognize that the lead coefficient is positive, , which would indicate the end behavior pointing upwards on both ends, implying the correlation is that with more exercise minutes in the day, the higher the cholesterol level.


	Exercise (minutes)
	LDL (mg/dl)
	First Order Differences
	Second Order Differences

	5
	225
	-2
	
-1

	6
	223
	
	

	7
	220
	-3
	

	8
	210
	-10
	-7

	9
	195
	-15
	-5

	10
	224
	29
	44

	11
	211
	-13
	-42

	12
	191
	-20
	-7

	13
	187
	-4
	-16

	14
	190
	3
	7

	15
	177
	-13
	-16

	16
	183
	6
	19

	17
	175
	-8
	-14

	18
	160
	-15
	-7

	19
	174
	14
	29

	20
	160
	-14
	-28

	21
	164
	4
	18

	22
	159
	-5
	-9

	23
	156
	-3
	2

	24
	180
	24
	27

	25
	149
	-31
	-55

	26
	147
	-2
	29

	27
	150
	3
	5

	28
	151
	1
	-2

	29
	160
	9
	8

	30
	150
	-10
	-19

	31
	155
	5
	15

	32
	150
	-5
	-10

	33
	160
	10
	15

	34
	144
	-16
	-26

	35
	155
	11
	27




g. What are some factors which could lead to outliers (people with low cholesterol and low exercise minutes; people with high cholesterol and high exercise minutes)? What improvements can be made to the study to determine how daily exercise affects cholesterol levels?

Answers will vary. Some possible factors for outliers include:
1. Metabolism of subjects in the experiment.
2. Diet of subjects in the experiment.
3. Lifestyle of subjects in the experiment.
	Improvement suggestions will vary, but some possibilities are as follows:
1. In the experiment, the subjects will all follow the same diet.
2. Lifestyle adjustments will be universal for all subjects.



[image: ]

2. The following data shows the number of total views (in thousands) on a TikTok page from the creation of the page to 14 months after the start. 










a) Does the data suggest using an exact or regression model? Will a linear, or nonlinear regression model best represent the data? Explain your reasoning. 

Students should recognize the shape of this data as nonlinear, specifically with the graph being concave up. Testing for common differences emphasizes that the data is nonlinear.

b) Between a linear or nonlinear model, which fits the data better? How can you tell?

Testing both methods of linear and nonlinear characteristics will result in choosing a nonlinear approach. Common ratios are more closely related to the given data than a constant rate of change.

c) The data can be modeled by the following function:
,
where 
T = TikTok views (thousands) and m = months since channel was created.
What does this model suggest the total views will be in two years? Write your answer in function notation and include appropriate units. 

 thousands of views

d) The actual number of views was  thousand views. Why do you suspect the actual amount differs from the theoretical amount?

[bookmark: _GoBack]Due to using an exponential regression, the model approximates the data. This caused our model to produce an overestimation of the views for the TikTok channel after two years.
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