Patterns: Numerical and Graphical

	Title
	Class, Grade, Technology

	Patterns: Numerical and Graphical
	Algebra I

	
	7th grade


	
	Spreadsheets

	Topic
	Patterns: Numerical/Graphical

	Prior Content Knowledge


	· Independent and dependent variables

· Interpreting graphs

· Pattern recognition skills

	Prior Spreadsheet Skills
	· Creating charts: pie, bar and x-y scatter

· Relative referencing

· Absolute referencing

· Use of SUM function

	

	Objective Content Knowledge


	· Understand patterns of decay and growth

· Model contextualized real-world problems using various representations 

· Estimate cost and earnings

· Foster mathematical/logical thinking

	Objective Spreadsheet Skills


	· Design spreadsheets from scratch rather than using a template

· Enter user designed formulas that include built in formulas such as QUOTIENT for finding the integer portion without the remainder for a division problem

· Drag-and-copy tool for copying formulas 

· Create power notation in formulas

· Recursive functions

	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 I (The Incredible Family Small Business)

· Worksheet: 1_Incredible-Family-Business.doc. This worksheet guides the design of a spreadsheet to analyze the market research data. 
Tour price

Number of people who would be customers at this price

$150

76

$200

74

$250

71

$300

65

$350

59

$400

49

$450

38

$500

26

$550

14

$600

0

Use a whole class discussion and demonstration for designing the spreadsheet from the worksheet directions.  Have different students responsible for different parts of the creation of the table and the charts.  Encourage students to record the actions for creating the spreadsheet indicating that the next problem will require that they create the spreadsheets individually.  One possible solution is provided in 1_Incredible-Family-Business.xls.
Part 2 (Incredible Family Business Accounting)
·  Worksheet: 2_Incredible-Family-Profits.doc. Guide students’ thinking about this problem with questions such as the following.
Number of customers
Income
Bike rental
Food and camp costs
Van rental
Total expense
Potential Profit or Loss
1
$350
$30
$125
$700
2
$700
$60
$250
$700
3
4
5
6
7
8
9
10
1. What should you do to determine the income for 3 people? Why?  How should the spreadsheet formula be designed to have the computer make this calculation?

2. How can you determine the costs for bike rental, food and camp costs?  How should you express these calculations in a spreadsheet?

3. What is the van rental cost for different numbers of customers?  

Van Rental
$700
Number of People
10
The development of a user-defined function will take time to guide their thinking about the QUOTIENT function.  Discuss how students might design a formula to have the computer return the charge for the van based on the number of customers.  You might use a demonstration spreadsheet to explore how this function operates.  See 2_Quotient_exploration.xls as an example of how you might develop the ideas.  Suggest that students show the important variables in determining the van rental charge.  Ultimately, their exploration would lead to this formula for cell E9

=$B$4*((QUOTIENT(A9-1,$F$4)) + 1)

In this formula for A9 in the solution spreadsheet, $B$4 returns the value of 700; this value is to be multiplied by ((QUOTIENT (A9-1,$F$4)) + 1).  The QUOTIENT function finds the quotient from the division of A9-1 and $F$4.  Then 1 is added to the quotient.  
· Students then complete the design of the spreadsheet that might appear as in 2_Incredible-Family-Profits.xls
· Use a whole class discussion to answer the questions in the worksheet based on their work with the spreadsheets (use one of the student’s spreadsheets for demonstration).
1. What rule can you use to identify the profit for n number of customers?

2. Explain the chart that you created. Why is it not linear?  Why does it behave the way it does?  

3. What recommendation would you have about this business venture?

4. Suppose the van charge is changed to $500 for every 10 customers. What effect does this have on the profit and loss?  (This question encourages students to explore the dynamic nature of the spreadsheet design by changing this variable.  The table and charts are dynamically updated for the new values. Explore the accuracy of the result and highlight the importance of having these variable displayed rather than embedded in the formulas.)

5. Suppose the van charge is $500 for every 15 customers.  What effect does this have on the profit and loss? (This question is another exploration of the dynamic and dependable nature of the spreadsheet. Students can ask “What if…” questions by making changes such as these.)

Part 3 (Math Competition)
· Worksheet 3_Incredible-Kids-Compete.doc: Discuss the problem and ask students design a spreadsheet to help in displaying their solution
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Figure number

Number of dots

1

1

2

4

3

9

4

16

5

25

6

36

7

49

8

64

9

81

10

100

· Closure: (See Solution in 3_Incredible-Kids-Compete.xls)

1. What was your formula for each number of dots?

2. Does the formula work for larger places in the pattern?

3. Describe your graph of 1-100. How and why did you choose your axes the way you did?

4. Is the graph linear? How would you describe it? Is it increasing or decreasing?
Part 4 (Second Math Competition)
· Pair students to solve another patter problem in worksheet labeled  4_Incredible-Kids-Compete-Again.doc.  Challenge students to find different rules to generate the next number of dots in the pattern.  Have them demonstrate their rules by showing how to create the dot pattern. For example they may have the rule as the number of dots in the previous part (6) + the place number (4); so they would show the dots from the previous place and add the new 4 dots on one side. They might think about squaring the place number (3^2) and subtract the number of dots in the previous place (3) and get 6.  This idea would be to make a square with 9 dots, take away 3 dots and then place the resulting dots in a triangle.
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Figure number

Number of dots

1

1

2

3

3

6

4

10

5

15

6

21

7

28

8

36

9

45

10

55

· Closure discussion: Have students demonstrate their rules and explain how they then created the table in the spreadsheet. Have students share how they created the charts, the dependent and independent variables.  You might discuss how this pattern is recursive in that it depends on the number of dots in the previous portion of the pattern.


	quotient

	Materials
	 FORMCHECKBOX 
 Worksheets: 

· 1_Incredible-Family-Business.doc

· 2_Incredible-Family-Profits.doc

· 3_Incredible-Kids-Compete.doc

· 4_Incredible-Kids-Compete-Again.doc
 FORMCHECKBOX 
 Spreadsheet templates:  

· 2_Incredible-Family-Profits.xls

 FORMCHECKBOX 
 Sample solution:  

· Unhide solution worksheets that provide templates for student beginnings; otherwise the worksheet that is displayed is one possible solution.
· 1_Incredible-Family-Business.xls
· 2_Quotient_exploration.xls

· 3_Incredible-Kids-Compete.xls
· 4_Incredible-Kids-Compete-Again.xls (two worksheet solutions)

	

	Extensions

&

Connections
	1_Incredible-Family-Business.doc
· Extend the problem and ask students to compute the total income earned by the business at each price.

2_Incredible-Family-Profits.doc
· Extend the problem and ask students to have students use the patterns in the data to generate generalized forms of the numerical relationships.

3_Incredible-Kids-Compete.doc
· Extend the problem to a pattern of growth in bacterial culture.  Assume that you begin with two bacteria and that the bacterial specie has the ability to double its number every five minutes.  Ask students to compute the number of bacteria after 3.5 hours.

4_Incredible-Kids-Compete-Again.doc
· Extend the problem to a pattern of growth in another bacterial culture.  Assume that you begin with one bacterium and the specie has the ability to double its number every 6 seconds.  Ask students to use the spreadsheet and compute the total number of bacteria after two hours. 



	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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