Modeling: Nonlinear

	Title
	Class, Grade, Technology

	Modeling: Nonlinear
	Algebra I

	
	8th grade


	
	Spreadsheets

	Topic
	Modeling: Nonlinear

	Prior Content Knowledge


	· Independent and dependent variables

· Understanding of functions or the meaning of the relationship between dependent and independent variables

· Exponential functions

· Order of operations

	Prior Spreadsheet Skills
	· Drag-and-copy 

· Relative referencing

· Absolute referencing

· Graphing

· Entering formulas

· Exponential notation

	

	Objective Content Knowledge


	· Use mathematical models to represent inverse relationships

· Investigate inverse mathematical relationships – graphically and symbolically

· Explore power function versus linear, logarithmic and polynomial relationships

	Objective Spreadsheet Skills


	· Construct formulas with embedded functions and mathematical expressions 

· Design spreadsheets and construct XY scatter plots

· The natural log function LN() 

· Explore power function versus linear, logarithmic and polynomial relationships

	NETS
	Check by double clicking on the box, if included in this resource

 FORMCHECKBOX 
 Creativity and Innovation

 FORMCHECKBOX 
 Communication and Collaboration

 FORMCHECKBOX 
 Research & Information Fluency

 FORMCHECKBOX 
 Critical Thinking, Problem Solving & Decision Making

 FORMCHECKBOX 
 Digital Citizenship

 FORMCHECKBOX 
 Technology Operations & Concepts

	

	General Idea for Instruction
	Part 1 (Dash Gets Curious About Construction Cranes)

· Introduce the problem about the weight that cranes can lift.  Provide them with these data (as shown in 1_Dash_and-construction-cranes.doc).  Ask them if they see any relationship.  Then challenge them to work on the worksheet where they must create a spreadsheet and explore different trendlines to see what type of relationship exists between these two variables.
Distance (ft)

Weight (lbs)

12

7500

24

3750

36

2500

48

1875

60

1500

· After students have created their trendlines, have them share different ones. 

1. What different trendlines did you try?

2. What values do you predict from your different possibilities for the weight for 18, 30 and 72 feet?

· Then introduce Dash’s friend’s idea that the relationship is W=90,000/D. As a class create the new table, chart and power trendline and equation (first without the values for 18, 30 and 72. Then add in the values generated by the relationship W=90,000/D.

1. What is the Power trendline?  What is its equation?

2. Why do you think this relationship is a power relationship?
Part 2 (Violet and the Can Company)
· Introduce students to the problem that is described in the worksheet 2_Violet-visits-CanCompany.doc.  Have student sketch a proposed chart of these data.  Have them describe what the chart says about the data.

Diameter (cm)

Time (seconds)

1

6.2

1.2

5.2

1.8

3.5

2.4

2.6

2.8

2.2

3

2.1

3.2

1.9

3.5

1.8

3.8

1.6

· The aim of this introduction is to create a mental picture of the processes involved in the problem and about which mathematics will be used to solve some problems. Questions to consider asking the students about the data and their sketches:
1. What are the variables?

2. Which one do you think is the independent variable? Why? Which one do you think is the dependent variable? And why?

3. What does the problem mean when it says there is an inverse relationship between the amount of material used and sterilization time?

4. Do smaller cans need less sterilization time or more? Which cans are more advantageous to construct with respect to time of manufacture?

5. And what is the advantage of manufacturing smaller cans? Is there any advantage to constructing smaller cans for the company? Explain.
· Have students complete the worksheet 2_Violet-visits-CanCompany.doc 
· Closure:  Discuss the results that students designed.  Confirm that students understand the notion of an inverse relationship.  Some questions might include
1. How was the plot constructed?

2. What does the plot suggest?

3. What are the sterilization times for a 1.5 and a 4.5 cm can.

4. What are some other examples of inverse relationships?

	

	Materials
	 FORMCHECKBOX 
 Worksheets: 

· 1_Dash-and-construction-cranes.doc
· 2_Violet-visits-CanCompany.doc
 FORMCHECKBOX 
 Spreadsheet template: none

 FORMCHECKBOX 
 Sample solution: 

· 1_Dash-and-construction-cranes_Solution.xls

· 2_Violet-visits-CanCompany_Solution.xls



	

	Extensions

&

Connections
	1_Dash-and-construction-cranes.doc
· Extend the problem by asking students to use the trendline equation to design and construct a spreadsheet such that for any value of the constants in the equation (hint: use absolute referencing to set to these values), and any value of the X (length of the lifting arm) as the independent variable, the value of Y (lifted weight) can be computed as the dependent variable.  Then, incrementing the X at every 5 feet, compute the weight lifting capacity of the crane for the lift-arm lengths increasing up to 150 feet.
2_Violet-visits-CanCompany.doc
· Extend the problem by asking students to use the trendline equation to design and construct a spreadsheet such that for any value of the constants in the equation (hint: use absolute referencing to set to these values), and any value of the X (can diameter) as the independent variable, the value of Y (sterilization time) can be computed as the dependent variable.  Then, incrementing the X at every 0.1 centimeter, compute the sterilization time for cans between 1-inch to 10-inches in diameter.



	Source
	· Lappan, G., Fey, J. T., Fitzgerald, W. M., Friel, S. N., & Phillips, E. D. (2002). Connected mathematics: teacher’s guide. Prentice Hall.

· Niess, M., Professor of Mathematics Education, Oregon State University; Sadri, P., Graduate Research Assistant in Mathematics Education, Oregon State University
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