
Who Done It?
Subject: 8th grade, Algebra 1, Algebra 2, Statistics
Time: 4 days

Materials: paper, pencil, handouts, grading rubric, computers, Microsoft Excel, rulers, yard-
                   sticks or tape measures, graphing calculators, a large shoe print (the larger the better)
                   traced with tape on the floor or on paper.

Objectives:

· Students will be able to apply their knowledge of statistics to real-world situations to evaluate data and make predictions.

· Students will be able to accurately collect data and decide an appropriate amount of data to collect.

· Students will be able to write fluent mathematical descriptions.

Standards:

· 8.2.1: Add, subtract, multiply and divide rational numbers

· 8.2.3: Use estimation techniques to decide whether answers to computations on a calculator are reasonable.

· 8.3.1: Write and solve linear equations in one variable, interpret the solution or solutions in their context and verify the reasonableness of the results.

· 8.7.1-12: Students make decisions about how to approach problems and communicate their ideas.

· A1.2.6: Solve word problems that involve linear equations.

· A1.3.2: Interpret a graph representing a given situation.

· A1.4.5: Write the equation of a line that models a data set and use the equation (or graph of the equation) to make predictions. Describe the slope of the line in terms of the data, recognizing that the slope is the rate of change.

· A1.9.1-8: Students use a variety of strategies to solve problems.

· A2.10.1: Use a variety of problem-solving strategies, such as drawing a diagram, guess-and-check, solving a simpler problem, writing an equation, and working backwards.

· A2.10.2: Decide whether a solution is reasonable in the context of the original situation.

· PS.1.1: Create, compare, and evaluate different graphic displays of the same data, using histograms, frequency polygons, cumulative frequency distribution functions, pie charts, scatterplots, stem-and-leaf plots, and box-and-whisker plots.

· PS.1.2: Compute and use mean, median, mode, weighted mean, geometric mean, harmonic mean, range, quartiles, variance, and standard deviation.

· PS.3.3: Use the principle of least squares to find the curve of best fit for a set of data.

· PS.3.4: Calculate and interpret the correlation coefficient of a set of data.

· Mathematical Reasoning and Problem Solving

· Communication
· Connections



Prior Knowledge:

· Students will be expected to have experience with scatter plots, mean, median, mode, variance, standard deviation, curve of best fit, and correlation coefficient.

· Students will be expected to be comfortable with basic units of measure.

· Students will be expected to have some experience using Microsoft Excel, including creating graphs and inserting functions.

· Students will be expected to have some experience explaining mathematical thinking through written language.
Overview:

Students will work in small groups to design, implement, and evaluate a study. First, students will decide what data to collect and how to collect it. After data collection, students will use prior knowledge from math class to evaluate the data, make a prediction, and estimate the likely error of the prediction. Finally, students will create an informational packet, including pictures, calculations, explanations, and summaries that could be given to police departments to convince them of the effectiveness of the study.

Procedures:

The following procedures for this lesson plan are a guideline of how this lesson might be taught to a high school math class. 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 handout and rubrics and give students 5 minutes to read the material.

2.) After students have read the paper, go over the situation of the footprint being found. Be sure to point out to students where the footprint can be found in class. Explain requirements of the packet and make sure students are aware of the professionalism needed for the packet. Announce that students should submit an action plan in writing before beginning to collect data.

3.) Allow students to work for the remainer of class on the action plan. Encourage groups to make detailed plans. Monitor to make sure groups are staying on topic and that all students are participating.

4.) Collect action plans when completed or at end of class. Read over action plans and provide extra support to those groups that are making major errors in their methods for data collection or evaluation.

5.) Groups that finish their action plan can begin working on the project.

Day 2

1.) Begin class by responding to any problems that continuously showed up in the action plans.

2.) Allow students to begin working. As groups work, meet with any groups that still have major flaws in their action plans. In general, ignore minor confusions that may be worked out during the project. Only address those errors that would prevent a group from completing the project.

3.) By end of class, groups should have data collected and be evaluating the material.

Day 3

1.) Announce that students should be evaluating their data, making estimates, and then spending the remainder of class working on their packets.

2.) Allow students to work at their own pace and move to the next step in the project when ready. Closely monitor groups and provide assistance when needed. Ask leading questions to get groups to consider why they used particular methods and if there is a better way.

3.) At the end of class, announce that all calculations should be done by the next day so that the day can be spent writing.

Day 4
1.) Allow students to immediately begin working.

2.) Help students stay focused on their writing by reminding them to look at the grading rubric and requirements for the packet.

3.) Students who finish early should be asked to modify the solution to try to make it more accurate or to test their prediction by collecting more data.

4.) Students should finish their packet at home and turn it in several days later.

Extension Activities:

· To shorten the activity, try reducing the details required for the packet.

· To shorten the activity, try allowing students to work in groups to create the packet.

· To lengthen the activity, have students share their solutions with one another and see which one is more accurate.

· To lengthen the activity, have the shoe print belong to a teacher in the school and have students find who this person is and compare shoe prints.

· To lengthen the activity, require students to double, triple, or quadruple the amount of data collected and compare their new answer with the old.

Notes to the Educator:

This lesson is intended to be vague enough to allow your students freedom in deciding the method of finding the solutions. Groups will need monitoring to make sure that they are using level-appropriate methods. Probability and statistics classes should be expected to analyze data more thoroughly, while algebra classes may mostly be making educated estimates toward accuracy and methods of data collection. Estimating is acceptable as long as students do not have better methods to solve the same problem.

Who done it?

Eighth Grade

Early this morning, the police discovered that sometime late last night some nice people rebuilt the old brick drinking fountain in the park. The mayor would like to thank the people who did it, but nobody saw who it was. All the police could find were lots of footprints. One distinctive, very large footprint was found and is shown in class. The police feel this is the person they want to find first because whoever made the footprint seems to be very big and is probably strong enough to have done the work. To help find this person, the police want to figure out how tall he or she is but don’t really know how to go about it.

Your job is to find the height of the person who made the footprint. Be sure to show all your work.

Then make a “How to” toolkit for the police that they can use to find out how tall people are just by measuring their footprints. Your toolkit needs to work for the footprint shown and for any other footprint also. Make sure to include clear step-by-step procedures so that those who are weak in math can follow the procedures also.

You may work with your group, but each person must complete his/her own work and paper.
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Grading rubric for Who done it?

Eighth Grade
Student name: __________________________ 

Group members: ____________________________________________________

                            ____________________________________________________

	
	Grading Criteria
	

	
	4
	3
	2
	1
	0
	Points

	Mathematical Concepts
	Work & ex-planation show complete under-standing of the mathematical concepts used to solve the problem.
	Work and explanation show sub-stantial under-standing of the mathema-tical concepts used to solve the problem.
	Work and explanations show some understanding of the mathematical concepts used to solve the problem.
	Work and explanation show little understanding of the mathematical concepts used to solve the problem.
	Work and explanation are missing.
	_______

	Completion
	All problems and questions were completed.
	Most of the problems and questions were completed.
	Some of the problems and questions were completed.
	A few of the problems and questions were completed.
	None of the problems and questions were completed.
	_______

	Mathematical Terminology
	Correct terminology and notation are always used, making it easy to understand what was done.
	Correct terminology and notation are usually used, making it fairly easy to understand what was done.
	Correct terminology and notation are used, but it is sometimes not easy to understand what was done.
	There is little use, or inappropriate use, of correct terminology and notation.
	There is no use of correct terminology and notation.
	_______

	Strategy and Procedures
	Typically uses an efficient and effective strategy.
	Usually uses an efficient and effective strategy.
	Sometimes uses an efficient and effective strategy.
	Rarely uses an efficient and effective strategy.
	No use of efficient and/or effective strategy.
	_______

	
	
	
	
	
	Total(
	


Teacher Comments:
Who done it?

High School
Early this morning, the police discovered that sometime late last night some nice people rebuilt the old brick drinking fountain in the park. The mayor would like to thank the people who did it, but nobody saw who it was. All the police could find were lots of footprints. One distinctive, very large footprint was found and is shown in class. The police feel this is the person they want to find first because whoever made the footprint seems to be very big and is probably strong enough to have done the work. To help find this person, the police want to figure out how tall he or she is but don’t really know how to go about it.

The police would like your assistance developing a system to determine the height of a person in this type of situation. The police are taking suggestions from several locations and are considering implementing across Indiana the best suggestion.

Your job is to determine the method the police should use to find the height of a person based on the shoe print. Then, come up with a general formula or method that the police can apply in the future. Create a packet to present to the police department. Your packet should be well organized, free of mathematical and grammatical errors, and contain enough explanations, pictures, and data to convince the police that your method is the one to choose.

You should include in your packet:

· Methods and reasoning of data collection,
· Data collected,
· Reasons for choice of evaluation methods,
· Calculations,
· Estimated height of person,
· General solution for future applications,
· Likely accuracy of predictions,
· How accuracy was determined,
· Assumptions,
· Why your solution is the best possible solution.

Your packet may also include:

· Graphs or tables,
· Color,
· Organizational tools (page numbers, table of contents, etc.),
· Title page,
· Other professional aesthetic features.
Grading rubric for Who done it?
High School

Student name: ___________________________  
Group members: _______________________________________________
                            _______________________________________________
1.) Methods and reasoning of data collection are clearly 


explained and supported with details.

________ / 20

2.) Reason for evaluation methods is explained clearly.


________ / 20

3.) Mathematics is free of errors and estimation of height 


and general solution are reasonable.


________ / 15

4.) Accuracy is estimated and explained clearly.


________ / 15

5.) All assumptions are provided with an explanation of how 


they may affect the solution.


________ / 10

6.) Packet includes a thorough explanation of why
      this solution is the best.
________ / 10

7.) Packet is well organized, professional, and free 


of grammatical errors.


________ / 10

Total Score:  _______ / 100

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.


Our method of collecting data included measuring the sole of the shoe from heel to toe of our group along with those of family members at home. We came up with a total of 12 measurements for our data. We knew that more data would help our model be more accurate, but it is strange to ask to measure people’s shoes, so we only got our family. Below is our data.

	Shoe Print Length in Inches
	Measured Height

	10.89
	66

	12.50
	67.75

	12.25
	71

	12.25
	71.5

	12.50
	69

	11.25
	69

	12.00
	74

	11.50
	66

	11.00
	62

	10.00
	59

	12.00
	70

	12.00
	69



We did not know the best method of evaluation so we tried several things. We tried making a ratio between shoe length and height, but this was strange and seemed too easy for our class. Instead, we decided to find the line of best fit. We knew that height and shoe size should be linear so we used our TI-83 calculators to find this line. We put our data into a table in our calculators and ran the program to find the line of best fit. We could have also done this by hand, but we were having trouble remembering the exact method, so we used the technological method that we also learned. Our calculator gave us the equation of height =4.341510275*shoe length+17.1525625. We decided to not round the number to keep the most accurate line possible. This means that the cops should measure the print length, multiply it by 4.341510275, and then add 17.1525625.


Next we knew that we needed to present our material in a professional manner. Since we could not figure out how to graph lines using Microsoft Excel, we used Excel to calculate our estimates of .05. Although this seems like a lot of work, it is not difficult using equations and “fill down” features. When we scatter plotted these points, it almost looked as though we had graphed a line. We also plotted our measured values to make sure they were centered around our line. Our graph is shown below.
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In general, we had trouble interpreting how to find the accuracy of our solution. It seemed almost like we needed to find standard deviation, but we did not think we could apply it to a scatter plot and a line. Instead, we calculated the mean squared error. That means that we calculated how far each data point was from its predicted value. We could not take the average of these since some were positive and some were negative. To fix this, we squared each value to make them positive and then took their average. Finally, we had to take the square root to undo the square from earlier. This gave us an error of about 2.4 inches. That means that on average, our estimate is 2.4 inches off from the real height. This means the police will on average be correct to within 2.4 inches. Our calculations were done in Excel and the corresponding entries are shown below.

	Shoe Print Length in Inches
	Measured Height
	Predicted Height
	Difference Between Predicted Value and Measured Value
	Squared Difference

	10.89
	66
	64.43161
	-1.56839
	2.459849

	12.50
	67.75
	71.42144
	3.671441
	13.47948

	12.25
	71
	70.33606
	-0.66394
	0.440812

	12.25
	71.5
	70.33606
	-1.16394
	1.354748

	12.50
	69
	71.42144
	2.421441
	5.863376

	11.25
	69
	65.99455
	-3.00545
	9.032711

	12.00
	74
	69.25069
	-4.74931
	22.55599

	11.50
	66
	67.07993
	1.079931
	1.166250

	11.00
	62
	64.90918
	2.909176
	8.463302

	10.00
	59
	60.56767
	1.567665
	2.457574

	12.00
	70
	69.25069
	-0.74931
	0.561472

	12.00
	69
	69.25069
	0.250686
	0.062843

	
	
	
	Average of Squared Difference:
	5.658200

	
	
	
	Square root of average:
	2.378697



We made some minor assumptions for this design. First, we assumed that all of our measurements were accurate. We tried to maintain accuracy but could potentially have errors in our data. Furthermore, we chose who we measured and we often measured several members in one family. It’s possible there is a genetic relationship between shoeprint size and height. We could have possibly avoided this by measuring more people or measuring people that were not related.


Our solution is the best because we made a linear model using the calculator that will not mess up the calculations. We also only had an error of 2.4 inches, which seems reasonable. Someone with a size 10 shoe would be predicted to be about 60 inches tall, but could just as easily be about 62 inches or about 58 inches. This is true because I know people that are taller and shorter than me that have the same shoe size as me. We could easily wear each others’ shoes and leave the same shoeprints.
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