Change: Modeling, Rates and Proportionality

	Title
	Class, Grade, Technology

	Change: Modeling, Ratios and Proportionality
	Algebra I

	
	7th grade


	
	Spreadsheets

	Topic
	Change: Ratios & Proportionality

	Prior Content Knowledge


	· Independent and dependent variables

· Algebraic operations: addition, subtraction, division, multiplication

· Fractions and ratios

	Prior Spreadsheet Skills
	· Charting data in bar charts

· Entering formulas and copying to other cells using relative referencing

· Use of the ROUND function in user-defined formulas

	

	Objective Content Knowledge


	· Represent, analyze and generalize a variety of patterns in tables and graphs

· Relate and compare different forms of representations for a relationship

· Develop, analyze and explain methods for solving problems involving averages, ratios and proportions.

· Use mathematical models to represent and understand quantitative relationship: use various representations such as graphs, tables and equations



	Objective Spreadsheet Skills


	· Copying cells with formulas:  Absolute referencing versus Relative referencing

· ROUND, AVERAGE. MAX and MIN, SUM functions

· Challenge Investigation: VLOOKUP function

	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 Amount of Iron and Oxygen in Rust)

· Download 1_Incredible-Kids-Get-Rusty.doc.  Students, in pairs, discuss the problem and propose a pattern in the data.

Amount of rust (g)
Amount of iron

(g)
Amount of oxygen (g)
50
35.0
15.0
100
70.0
30.0
135
94.5
40.5
150
105.0
45.0
200
250
300
350
400
· Discuss student ideas before they proceed to creating the spreadsheets.   Demonstrate the creation of the spreadsheet to discuss the use of cell references  (rather than specific values) in the formulas and discuss why the absolute reference is needed for copying the formulas.   (See 1_Incredible-Kids-Get-Rusty.xls as a sample of what might be created)

1. What is the ratio of iron to the amount of rust?

2. What is the ratio of oxygen to the amount of rust?

3. What is the ratio of iron to oxygen in the rust?

4. What formulas might you use to have the spreadsheet calculate the other amounts in the chart?  (For rust in cell A9, the formula in B9 is =.7*A9 and in C9 is =.3*A9)

5. How can you change the formulas so that they reference cells only and not the values (.7 and.3)?  (Given A5, B5 and C5 as the first row of data in the chart, the formula for B9 = $B$5/$A$5*A9  and for C9 = $C$5/$A$5*A9.  The $ is used to create an absolute reference so that the formula can be copied down the column and maintain those specific cell references.  Discuss how to insert the amount of rust as the x-axis: Copy A4:A13; click on chart, paste special, check box for Categories (X labels) in first column; check box to replace existing categories)

· Have students create the spreadsheet, formulas and graph the data as requested in the problem statement. 

· Class discussion questions:

1. What would you expect the bar for 500 g of rust to be?

2. Why is a stacked bar chart helpful in describing the relationship of the iron and oxygen in rust?

Part 2 (A Survey of What Kids Do Over the Weekend)

·  Discuss the problem presented in 2_Kids-on-Weekendife.doc
Activity
Average Number of Hours
Sleeping
18.4 hours
Eating
3.5 hours
Recreation
7.4 hours
Talking on the phone
0.6 hours
Watching television
3.7 hours
Doing chores or homework
4.7 hours
Other
9.7 hours
Sample discussion questions:
1. How was the average number of hours found for each activity?

2. How many hours is the weekend?

3. What would you need to do to find out what proportion of the weekend hours you have been sleeping?

4. How about eating? 

5. And recreation?

· Display the spreadsheet that students will work with at their computer 2_Kids-on-WeekendLife.xls  (The solution is hidden in the workbook; to see the solution, select Format, Sheet, Unhide).
· Discuss with students their formulas in cells C10:C16.   
1. How can the formulas be changed to have the computer round the values to the nearest two (2) decimal places?   =ROUND (B10/B6, 2)  
2. How can the formula in C10 be used in copying down the column?  Show them how to use absolute referencing by entering this formula in C10 =ROUND(B10/$B$6,2)
3. What is the maximum and minimum ratio that is called for?   How can you instruct the computer to make the calculation?
· After students have had an opportunity to update their spreadsheets and have computed the maximum and minimum, discuss their work and the results:
1. What does the computer do in determining the maximum?

2. What does the computer do in determining the minimum?

3. How is the result from using the ROUND function different from formatting the numbers?  (Formatting the number is only formatting the display of the number; the computer retains the decimal places internally.  With the ROUND function, the number is changed internally.)

· As a class, create a pie chart of the data. Discuss how the pie chart also displays the maximum and minimum values.  Show how they can pull the slices for those two values from the pie by double clicking on the slice to pull out from the center.  Allow student opportunity to repeat the actins with their spreadsheets.

· Highlight C10:C16, select pie chart

· Enter a title for the chart

· Change the legend to describe the pieces.  Highlight A0:A16.  Copy.  Click on the chart and select Paste Special.   Uncheck the box that says Series Names in First Row; check the box for Categories (X Labels in First Column); check box for Replace existing categories
· Click on the pie chart and format the Selected Data Series to Show label and percent

· Project idea:  Class gathers data for their personal situations and enters these new data into the spreadsheet that has been created. The analysis is dynamically updated for the new data demonstrating the value of designing spreadsheets where the variables are visible (e.g., the survey time span in hours).  

Part 3 (Water Usage)

· Class discussion of 3_Dash’s-neighborhood-water-project.doc. 
Household (initials)
People in household
Water use (gallons)
Rate of water use (gallons/person)
RE
5
1901
TW
4
1682
HW
5
1493
WE
4
1336
GK
5
1332
DJ
6
1309
MJ
5
1231
WD
5
1231
MA
5
1204
LR
5
1031
FP
4
986
HA
5
985
TB
3
940
CH
5
938
ME
4
924
JW
4
910
PR
4
843
NP
3
819
BH
4
807
EB
4
755
PJ
4
726
HJ
4
641
HM
3
554
JZ
2
493
· Suggested questions for discussion:
1.  What does “rate of water use” mean?

2. For household initialed RE, what is their “rate of water use”? How is this computed?

3. How would the overall water usage for this neighborhood be calculated?

4. How would the average rate of water usage per person be calculated?
· Students use the spreadsheet file titled 3_Dash’s-neighborhod-water-project.xls  to enter formulas to complete the calculations.   Discuss the difference between formatting the numbers in column C versus using the ROUND function in D31 when calculating the average rate of water usage per person. Ask some questions to review MAX and MIN functions.  

1. What formula would you use to calculate the maximum rate per person?

2. What formula would you use to calculate the minimum rate per person?

3. If you found the average number of people in the households and the average water use in gallons for the households, would the rate of the averages be the same as the value found for the Average rate of water usage per person?  Why or why not?

Part 4 (Leaking Faucet)

· As a class explore the problem in 4_Violet-and-LeakingFaucet.doc.  Encourage different students piece together what the problem entails through their comments.  As an open-ended problem, different students may choose different ways of solving the problem.  For example, some students may choose to calculate the table at 5-second increments and some may choose a different increment.  Some students may choose 2*t+1 as the pattern for the leakage problem, and some students may choose 2*t as the pattern, where t is the time.  Students may also choose to add 10 seconds in an iterative fashion to the previous water loss figure (w+10, where w is the previous amount of water loss, given the time is increasing by 5 seconds consistently). 

Time (seconds)
Water Loss (ml)
5
11
10
21
15
30
20
41
25
50
30
61
35
70
40
81
45
90
50
100
55
110
60
121
· Consider these questions as the whole class looks at the spreadsheet 4_Violet-and-LeakingFaucet.xls
1. Why might the water lost in 5 seconds vary?  (A drop might not have completely dropped into the measuring device, or might have dropped in at the end time.)
2. What was the average water loss over this time period? (Can be calculated in different ways: (1) Find the amount of ml in water increased for every 5 seconds and find the average of 10 ml per every 5 seconds;(2) find the ml. of water for the time (dividing the ml by the seconds) and then finding the average of those (2 ml/each 5 seconds). See the Average Leakage Solution hidden in the worksheet 4_Violet-and-LeakingFaucet.xls).
3. What conjecture might you make between the “time” and “water loss” data? (Might use either 10 ml per every 5 seconds or the ratio of the water leaked in ml. to the time in seconds as 2.
4. How can you express your conjecture about the pattern to find the number of ml. leaked for 65 seconds? (w+10 or 2t)
5. How many seconds are there in a whole day, 24 hours? (86,400 seconds)
6. How might you extend the data for the 24 hours?
· Have students extend the data for 24 hours, where they graph the results.  Have them compare with the analysis from other groups working on their spreadsheets. (See One Possible Solution or A Second Possible solution - worksheets hidden in the workbook.)

1. What is the volume of the water loss after 24 hours? 

2. What is the volume of water loss at time equals 80,000 seconds? 

3. What does the graph look like? What kind of slope, increasing, decreasing, or constant?
4. Convert the ml to liters to express the water loss in liters. 

5. Convert the liters to gallons to express the water loss in gallons (multiplying liters by .26 to convert to gallons).

6. Suppose that the water company charges $9.50 for 748 gallons. How much would this water loss cost Violet’s parents?

· Discussion Extension: Investigate the VLOOKUP function to search for a value in massive amounts of data.  Use the VLOOKUP function to have the value for 80,000 seconds identified by the computer.  In Cell J24 insert this function:
=VLOOKUP(J24,A11:B17290,2,FALSE)

The VLOOKUP function looks for the value in J24 (that is 80,000) in the two-column array of A11:B17290.  If the value 80,000 is found, the value in the second column is returned.  If it is not found, the test is false and the computer returns #N/A indicating that the result is not found.
Part 5 (The Incredible Family Wants to Buy a Car)

· Discuss the problem presented in the worksheet called 5_Incredibles-buy-a-car.doc. Suggested questions are:
1. What is meant by gas mileage?
2. How can the gas mileage for each of the cars be determined? 
· Have students open the spreadsheet file 5_Incredibles-buy-a-car.xls and have them enter the data and formulas to calculate the mileage.  Questions to ask students:
1. Which car gets consistently better mileage?

2. What do you expect the differences in gas mileage will be as more gallons of gas are used?
· Guide students in creating appropriate formulas for the table.  Use cell references and absolute referencing.   For example, the formula in cell B15 is =$I$6*B14 so that it can be copied across the row to maintain the reference to cell I6 since that is the location for the Gas mileage for the first car.
1. Explain the difference between absolute referencing and relative referencing when copying formulas to other cells in the spreadsheet.

2. Why is important to use cell references in creating these formulas? (Keeps the variables visible for the user, allowing the spreadsheet to be used to model different values for the distance and gallons.  Be sure to demonstrate the dynamic modeling nature of the spreadsheet to explore different values by making changes the data for Car 1 and Car 2.)

3. What process do you use to create bar chart and put the Gallons of Gas on the x-axis?
4. Looking at the bar graph, how can you tell which bars are for the first car and which bars are for the second car?
5. What is happening to the difference between the gas mileages for the two cars? Is it shrinking or is it growing? 
Part 6 (Population Research)

· Discuss the concept of population density with the students.   Create a simple example such as that provided in 6_Dash-does-population-research.doc.  Then extend the idea to the states in the worksheet. 

· Open the file 6_Dash-does-population-research.xls.  Discuss how this spreadsheet can be used to model the population densities of these states.
State
Population
Area (square miles)
California
31,431,000
155,973
Connecticut
3,275,000
4845
New Hampshire
1,137,000
8969
North Dakota
638,000
68,994
South Dakota
721,000
75,896
Vermont
580,000
9249
Wyoming
476,000
97,105
1. How is the population density calculated for California?  What formula might you enter in the spreadsheet to have this value calculated? 

2. Which state has the highest population density?  Which has the lowest?  What values of population density are connected with a crowded state? How about houses? Does the population density tell you anything about the number of houses?

3. What change would you make in the populations in Connecticut and Wyoming so that they have the same population densities?

4. How many times greater is the population of Connecticut that the population in Wyoming? Does this value also describe how many times greater the population density for Connecticut is than Wyoming?  Why or Why not?



	

	Materials
	 FORMCHECKBOX 
 Worksheets: 

· 1_Incredible-Kids-Get-Rusty.doc

· 2_Kids-on-WeekendLife.doc

· 3_ Dash’s-neighborhood-water-project.doc

· 4_Violet-and-LeakingFaucet.doc

· 5_ Incredibles-buy-a-car.doc

· 6_Dash-does-population-research.doc 

 FORMCHECKBOX 
 Spreadsheet template:  
· 2_Kids-on-WeekendLife.xls

· 3_ Dash’s-neighborhood-water-project.xls

· 4_Violet-and-LeakingFaucet.xls

· 5_ Incredibles-buy-a-car.xls

· 6_Dash-does-population-research.xls 
 FORMCHECKBOX 
 Sample solutions: 

· Unhide solution worksheets in the above spreadsheet files: Format(Sheet(Unhide(<solution files>
· 1_Incredible-Kids-Get-Rusty.xls

	

	Extensions

&

Connections
	1_Incredible-Kids-Get-Rusty.doc

· Extend the problem and ask students to extend the table for more quantities of rust.

2_Kids-on-WeekendLife.doc

· Extend the problem by asking students to enter the number of hours they themselves spend on each activity during the same weekend times and have students use their own data to answer parts (a) through (c).

3_Dash’s-neighborhood-water-project.doc
· Extend the problem by asking students to do this for their household electric bills data, obtaining the necessary information for the past year from their parents.  The students can bring the data in and enter and analyze it in the classroom.

4_Violet-and-LeakingFaucet.xls
· Extend the problem by asking students to experiment with the bonus question and trying to learn the VLOOKUP command in Excel.  Large data files such as this are excellent settings for experimenting and learning with this command.

5_Incredibles-buy-a-car.xls
· Extend the problem by asking students to use the gas mileage from the environmentally friendly Toyota Prius model that has a fuel economy of 46 miles per gallon.

6_Dash-does-population-research.xls
· Extend the problem by asking students to consider the density of different material and how density is computed and how different materials have different densities, and let them create a graph of the densities for different material.



	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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