Activity:  daVinci’s Proportions

Activity Overview:  This activity is designed to help students work with linear regression models, error, correlation coefficients and coefficients of determination.  In this activity students measure different body parts and then use them to determine if Leonardo daVinci is correct in his formulas for the relationship between the body parts.  In this activity students not only deal with the mathematical concepts of regression but also with the difference between the theoretical models and the experimental models. (See attached lesson plan and activity assignment sheet for more information.)

Grade Level:  9 – 12 or College

Materials Needed:
· TI – 83, TI – 83+ or TI – 84+

· Navigator System and software

· TI – Interactive Software

· Cloth Measuring Tapes

Problem Statement:
Let’s take a trip back to the late 1400's.  Your good friend Leonardo DaVinci has just sent you a few of his latest observations on human proportions
.  DaVinci has asked you, a brilliant mathematician in your own right, to help him confirm his observations using mathematics. 

Here are some of the observations that he is particularly interested in confirming:

1. The total height of the body, standing straight, is equal to 22 vertical ear lengths.

2. The span of ones outstretched arms is equal to his/her height.

3. The whole foot from toe to heel will go between the elbow and the wrist (forearm).

4. Kneeling reduces ones height by one-fourth.

Class Activity:

Read through the problem statement with the class and discuss the issue at hand. Please note that some of the proportions are made up so some will be true and some will be false.  The students will not know which is which.  Have students talk through any issues related to the collection of data.  Then have them pair up and measure each other for the appropriate body parts using centimeters as their unit of measurement.  Ask them to record their measurements in their STAT Lists according to the following chart:

	Body Part
	STAT List

	Height
	L1

	Ear Length
	L2

	Arm Span
	L3

	Foot Length
	L4

	Forearm
	L5

	Kneeling Height
	L6


After all students have their measurements into their calculators have them log into Navigator so you can collect all their measurements into one set of lists and return the augmented list to the entire class so they can do their calculations of the liner regressions.

To collect the data set Interactive up as follows.
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This allows you to receive the students’ data from their calculators into augmented lists and return them with the appropriate list names so they won’t have to worry about which list has which set of measurements in it.  This also puts these lists in their list memory on the calculators so they can load them into their STAT Lists and work with them, without worrying about losing their original data. I have found this very helpful.  Remember to access these lists the students will need to go to their STAT Edit function, place the cursor on top of their list number they want to insert the data into, then go to LIST (2nd STAT) and choose the data set they want to put into the List.  This creates a duplicate copy of the data that they can work with while preserving the original list for future use.

After all the students have the lists, have them input one pair into this STAT List and calculate the Linear Regression.  For example, have them put the Height into L1 and the Arm span into L2.  Have them calculate the regression looking at the error (sum of the squared deviations), correlation coefficient, correlation of determination and the scatter plot with the regression line imposed on top of it.  After they have done all of this discuss the results and how close there are to daVinci’s model of Height = Arm Span.  This should bring up a good discussion of the appropriateness of the class model and daVinci’s model.

This activity also brings up the idea of how to deal with outliers when dealing with two variables instead of just one.  The 1.5 * IQR method doesn’t always fits since a person could be very tall so their height would be an outlier but if they also have a long arm span their overall proportion may be in line with daVinci’s model.  This discussion is a good one I think my students need to have. They usually come up with the idea of taking the proportion (Arm span/Height) and testing that for an outlier.  They can also then look to see how close the average proportion is to 1, which is one way to interpret daVinci’s model for the height versus arm span.

After you have completed the first model have the class work in groups to finish the other models. Once all the groups have completed their analysis of the remaining data pick different groups to present their results for class verification and discussion.

As you can see from my assignment sheet my students will then take the data they have collected, the class analysis along with the class discussion and write a paper describing what they have done and their results.  I feel it completes this activity and holds all students accountable for the data analysis and the discussions.  I also feel this type of writing is very important for my students as it helps them develop better writing skills, especially in the area of technical writing. This type of writing can be very difficult for the students and therefore they need opportunities to practice it.  This is one of the many opportunities I give my students.

�These observations on human proportions can be found in Leonardo DaVinci’s Notes.





