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                      Boston Marathon

Subject: Pre-Algebra
Time: 1 day
Materials: paper, pencil, access to Internet, handout, grading rubric, graph paper (optional)

Objectives:

· Students will be able to apply their knowledge of rates to real-world situations.

· Students will be able to apply their knowledge of averages to real-world situations.

· Students will be able to find data for mathematical calculations.

· Students will be able to choose an appropriate type of graph given a set of data.

Standards:

· 8.5.1: Convert common measurements for length, area, volume, weight, capacity, and time to equivalent measurements within the same system.

· 8.5.2: Solve simple problems involving rates and derived measurements for attributes such as velocity and density.

· 8.6.3: Understand the meaning of, and be able to identify or compute the minimum value, the lower quartile, the median, the upper quartile, the interquartile range, and the maximum value of a data set.

· 8.6.4: Analyze, interpret, and display single- and two-variable data in appropriate bar, line, and circle graphs; stem-and-leaf plots; and box-and-whisker plots and explain which types of display are appropriate for various data sets.

· 8.7.4: Apply strategies and results from simpler problems to solve more complex problems.

· 8.7.7: Recognize the relative advantages of exact and approximate solutions to problems and give answers to a specified degree of accuracy.




Prior Knowledge:

· Students will be expected to have some experience with rates and minimal experience switching between rates of time.

· Students will be expected to have some experience with calculating the mean, median, mode, maximum value, minimum value, and spread of a set of data.

· Students will be expected to be familiar with using a search engine on the Internet.

· Students will be expected to have seen and constructed various types of graphs.

Overview:

Students will work in small groups to evaluate the data set of Boston Marathon winning times. First, students will be directed to put the winning times in hours and calculate the average speed of each runner. Then students will display the averages in a graph of their choice. Students will then use the Internet to find more data to compare to the data which is provided. Finally, students will calculate the mean, median, mode, maximum value, minimum value, and spread of their data.

Procedures:

The following procedures for this lesson plan are a guideline of how this lesson might be taught. Each classroom is different and strict following of these procedures may be difficult or impossible for your class. Modify the procedures as needed.

Day 1
1.) Pass out worksheets and grading rubrics. Briefly explain the problem and the table of data. Be sure students understand how to read the times with hours, minutes, and seconds.

2.) Let students work in small groups. Closely monitor classroom to make sure students are focused. If needed, provide scaffolding to help students discover how to apply rates and mean to the data.

3.) After 20 minutes, announce that students should be creating graphs that adequately represent the information. If time is running short, allow students to break the activity into parts within the group.

4.) With 15 minutes remaining, bring the class together for a discussion of the results. Have various groups share their work on calculating the average speed of each winner. Attempt to have several different graphs displayed by various groups. Be sure to discuss which types of graphs are appropriate for this problem and that several types of graphs may be acceptable depending on the desired outcome.

5.) In class discussion, briefly have students decide how important rounding is in the problem and how many decimals should have been recorded.

6.) Assign all unfinished calculations, research, and graphs as homework due the following day.

Extension Activities:

· If activity will take too long, try having male students compute only with the men winners and female students compute only with the women winners.

· If activity will take too long, remove the Internet research portion of the activity.

· Students who finish early could be asked to find all possible methods of graphing the data.

· Students who finish early could be asked to find a general equation for converting time with mixed units into only one unit of time.

· Students who finish early could be assigned finding all speeds of past winners and comparing to see if the average speed of the winner has increased.

Boston Marathon

Only 15 people ran the first Boston Marathon in 1897. Today, over 9,000 people run the 26-mile 385-yard marathon each year. The table below shows the winning runners and their times for 1997 through 2001.
	Year
	Men’s Winner
	Time
	Women’s Winner
	Time

	1997
	L. Aguta, Kenya
	2:10:34
	F. Roba, Ethiopia
	2:26:23

	1998
	M. Tanui, Kenya
	2:07:34
	F. Roba, Ethiopia
	2:23:21

	1999
	J. Chebet, Kenya
	2:09:52
	F. Roba, Ethiopia
	2:23:25

	2000
	E. Lagat, Kenya
	2:09:47
	C. Ndereba, Kenya
	2:26:11

	2001
	B. Lee, South Korea
	2:09:43
	C. Ndereba, Kenya
	2:23:53


Use the data in the table to complete the following seven tasks.

1.) Convert each winner’s time to hours.


2.) Find the average speed of each winner.


3.) Graph the men’s and women’s average winning speeds for each year.


4.) Write a short paragraph explaining why your type of graph is appropriate and how you came to this conclusion.


5.) Which male ran the marathon in the least amount of time? What was his average speed? How does his average speed compare to the other male runners’ average speeds? Is this what you expected? Why or why not?


6.) Which female ran the marathon in the least amount of time? What was her average speed? How does her average speed compare to the other female runners’ average speeds? Is this what you expected? Why or why not?


7.) Find the winners and the winning times of the Boston Marathon in 2002, 2003, 2004, 2005, 2006, and 2007. How do their average speeds compare to the average speeds found in Question 2? Graph these average winning speeds.


8.) Find the mean, median, mode, spread, maximum value, and minimum value of the winning speeds.
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          Be sure to show all your work! 
Grading Rubric for Boston Marathon

Student name: ___________________________

Group Members: ____________________________________________________________________________________________________________________________________

__________________________________________________________________

	Task 1:
	Winning times are correctly written in hours with appropriate choice of rounding and work shown.
	______/
	4

	Task 2:
	Average speeds are correct and work is shown.
	______/
	4

	Task 3:
	Type of graph is appropriate, the graph is constructed correctly, and it is easy to read.
	______/
	4

	Task 4:
	Paragraph is free of grammatical errors and shows understanding that some graphs are inadequate for this data.
	______/
	4

	Task 5:
	Correctly analyzes data and shows an understanding of the relationship between average speed and time.
	______/
	2

	Task 6:
	Correctly analyzes data and shows an understanding of the relationship between average speed and time.
	______/
	2

	Task 7:
	Data collected, speeds correctly calculated and graphed in an appropriate manner, notes any relationships with previous data.
	______/
	4

	Task 8:
	Mean, median, mode, spread, maximum value, and minimum value are correct and work is shown.
	______/
	6

	
	Total:
	______/
	30


Teacher Comments:
Example Solutions

The following solution demonstrates how some students may interpret the problem. However, there are many solutions that are acceptable. The instructor should be prepared to accept various solutions as long as ample support is provided by the student.

1) For L. Aguta: 34 seconds = 
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So Agusta’s total time spend running in hours is 2+
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2.1761. This method was then used for the remaining runners.

	Year
	Men’s Winner
	Time in Hours
	Women’s Winner
	Time in Hours

	1997
	L. Aguta, Kenya
	2.176
	F. Roba, Ethiopia
	2.440

	1998
	M. Tanui, Kenya
	2.126
	F. Roba, Ethiopia
	2.389

	1999
	J. Chebet, Kenya
	2.164
	F. Roba, Ethiopia
	2.390

	2000
	E. Lagat, Kenya
	2.163
	C. Ndereba, Kenya
	2.436

	2001
	B. Lee, South Korea
	2.162
	C. Ndereba, Kenya
	2.398


2) Our first problem is that the length of the mile is given in mixed units. 385 yards with 3 feet per yard gives us 1155 feet. Then since there are 5280 feet per mile, we get 1155/5280 miles which means 385 yards is about .21875 miles. That means the race is 26.21875 miles. Since Aguta runs 26.21875 miles in 2.176 hours, we can set up a ratio. 
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26.21875

=

. Then we can cross multiply to find x=11.949 miles per hour. We can do the same sort of calculation for the other runners.


	Men’s Winner
	Speed in Miles per Hour
	Women’s Winner
	Speed in Miles per Hour

	L. Aguta, Kenya
	12.049
	F. Roba, Ethiopia
	10.745

	M. Tanui, Kenya
	12.332
	F. Roba, Ethiopia
	10.975

	J. Chebet, Kenya
	12.116
	F. Roba, Ethiopia
	10.970

	E. Lagat, Kenya
	12.121
	C. Ndereba, Kenya
	10.763

	B. Lee, South Korea
	12.127
	C. Ndereba, Kenya
	10.934


3) 
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4) We decided there were several ways to graph the data. We knew a pie chart would not work because we are not looking at percents in the problem. We tried a line graph but did not like that it was a continuous lines. Finally we decided on the bar graph. We tried making two bar graphs but remembered men and women are often compared in one graph. That is why we ended up with this graph.


5) M. Tanui ran the marathon in 2.126 hours with an average speed of 12.332 miles per hour. His speed is higher than the other winners. This makes sense because if he had the shortest time, then he should have run, on average, faster than the other runners.


6) F. Roba ran the marathon in 2.389 hours in 1998 with an average speed of 10.975 miles per hour. Her speed is higher than the other ones. This makes sense because if she finished first, then she should have run, on average, faster than the other runners.


	Year
	Men’s Winner
	Time
	Women’s Winner
	Time

	2002
	 R. Rop, Kenya
	2:09:02
	M. Okayo, Kenya
	2:20:43

	2003
	R. Cheruiyot, Kenya 
	2:10:11 
	S. Zakharova, Russia
	2:25:20 

	2004
	T. Cherigat, Kenya 
	2:10:37 
	 C. Ndereba, Kenya
	2:24:27

	2005
	H. Negussie, Ethiopia 
	 2:11:45
	C. Ndereba, Kenya 
	2:25:13 

	2006
	R. Cheruiyot, Kenya 
	2:07:14
	R. Jeptoo, Kenya
	2:23:38

	2007
	R. Cheruiyot, Kenya
	2:14:13
	L. Grigoryeva, Russia
	2:29:18


	Year
	Men’s Winner
	Average Speed in Miles/Hour
	Women’s Winner
	Average Speed in Miles/Hour

	2002
	R. Rop, Kenya
	12.192
	M. Okayo, Kenya
	11.17938

	2003
	R. Cheruiyot, Kenya 
	12.084
	S. Zakharova, Russia
	10.824

	2004
	T. Cherigat, Kenya 
	12.044
	C. Ndereba, Kenya
	10.890

	2005
	H. Negussie, Ethiopia 
	11.940
	C. Ndereba, Kenya 
	10.833

	2006
	R. Cheruiyot, Kenya 
	12.364
	R. Jeptoo, Kenya
	10.952

	2007
	R. Cheruiyot, Kenya
	11.721
	L. Grigoryeva, Russia
	10.537


(Data found on http://www.marathonguide.com)

The new average speeds tend to not vary much from the previous ones. It might slightly be decreasing for both men and women but this is not definite.
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7) To find the mean, we add up the men speeds and divide by the number of winners. We get a sum of 133.09 and after we divide by 11, we get a mean speed of 12.1 miles per hour. Since we have 11 winning times, the median is the middle number then the times are listed in ascending order. Our list becomes 11.721, 11.940, 12.044, 12.049, 12.084, 12.116, 12.121, 12.127, 12.192, 12.332, and 12.364. Our median is then 12.116 miles per hour. The mode is the time that occurs the most often. Since all of the times are different, every value is a mode. The maximum value is 12.364 miles per hour because it is the largest number on the list. Our minimum value is 11.721 miles per hour because it is the smallest number on the list. The spread is the maximum value minus the minimum value so we get .643 miles per hour.

Now we do the same thing with the women speeds. We get a sum of 119.6 so our mean is 10.873 miles per hour. Our times in an ordered list become 10.537, 10.745, 10.763, 10.824, 40.833, 10.890, 10.934, 10.952, 10.970, 10.975, and 11.180. Our median is then the sixth number, 10.890 miles per hour. Again, no speed is repeated so we have 11 modes and each number is one of the modes. Our minimum value is 10.537 miles per hour and our maximum value is 11.180 miles per hour. Our spread then is 11.180-10.537 which gives .643 miles per hour.
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