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Student Name _____________________________________________________________
Is there a positive association between height and arm span?
1. In groups of two, measure each other’s heights and arm span (fingertip to fingertip). Use the measuring unit agreed upon by the whole group.

	
	Arm Span
	Height

	Partner 1
	
	

	Partner 2
	
	



2.  As a whole class, create a list of everybody’s measurements.

3. In GeoGebra or Excel, create a scatterplot. Steps below are for GeoGebra:

Choose to show spreadsheet under the ‘View’ menu. 
Enter the Arm Span information in Column A and the Height in Column B. 
Highlight the cells in Column A and B that contain the information.
Click on the tool ‘Two Variable Regression Analysis’.
On the pop-up window, click ‘Analyze’.
A scatter plot will be produced

4. Judging from the scatter plot, does there appear to be a positive association between arm span and height? That is, does an increase in arm span generally lead to an increase in height?
 
5. What are the mean arm span and mean height for this sample?


a. Is your arm span and height above the average of these 40 students?

b. How many of the 40 people have above-average arm spans? 

c. How many of the 40 people have above-average heights? 

d. It is possible to divide the 40 people into four categories: 
i. Above-average arm span and above-average height; 
ii. Above-average arm span and below-average height; 
iii. Below-average arm span and above-average height; and 
iv. Below-average arm span and below-average height. 
How many of the 40 people fall into each of these categories? 
Add a vertical line to the scatter plot that intersects the arm span (x) axis at the mean and separates the points into two groups: below average arm span and above average arm span.
6. Should there be the same number of arm spans on each side of the line? Why or why not?

 Add a horizontal line to the scatter plot that intersects the height (y) axis at the mean and separates the points into two groups: below average height and above average height.


Adding both the vertical line at the mean arm span and the horizontal line at the mean height separates the points in the scatter plot into four groups, known as quadrants. A picture of the quadrants: 
[image: ]
7. Use this scatter plot to answer the following.

a. Describe the heights and arm spans of people in Quadrant I.


b. Describe the heights and arm spans of people in Quadrant II.
 
c. Describe the heights and arm spans of people in Quadrant III.


d. Describe the heights and arm spans of people in Quadrant IV.
 
e. Based on the scatter plot, do most people with above-average arm spans also have above-average heights? 
f. Based on the scatter plot, do most people with below-average arm spans also have below-average heights? 


8. Count the number of points in each quadrant on the scatter plot and write the total in the contingency table below. Use this count to answer the following questions.

[image: ]
a. Do most people with below-average arm spans also have below-average heights?
 
b. Do most people with above-average arm spans also have above-average heights? 

c. What do these answers suggest?

 These numbers can be changed into column ratios by dividing each count by the total number of data points in that column. For example, divide the number of people with below average arm spans and heights by the total number of people with below average arm span. These ratios can easily be changed into percentages by multiplying by 100.
9. Perform the calculations to find the column ratios and column percentages.
[image: ]



10. Perform the calculations to find the row ratios and row percentages for this data, and complete the tables with the information below. Do you find a strong positive association between height and arm span?
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11. If a person's arm span is the same as his or her height, a person could be considered a ‘square.’ Do most people have heights and arm spans that are approximately the same? That is, are most people ‘square?’

 To measure the differences between height and arm span, let's look at the numerical differences between the two. In these problems, we will use "Height - Arm Span" as the measure of the difference between height and arm span. 
12. Consider the difference Height - Arm Span and answer the following questions:

a. a. If you know only that this difference is positive, what does it tell you about a person? What does it not tell you?

b. If you know that this difference is negative, what does it tell you? What does it not tell you?


c. If you know the difference is 0, what does it tell you?
 


13. Find the difference for the data in this experiment. In the table of data for all measurements, record the difference.

a. How many of the 40 people have heights that are greater than their arm spans? 
b. How many of the 40 people have heights that are less than their arm spans? 

c. How many of the 40 people have heights that are equal to their arm spans? 

d. Which six people are the closest to being square without being perfectly square? 

e. Which five are the farthest from being square? 

14.In the scatterplot, draw the line “height = arm span”. What would be the equation of that line?  _____________

Using that line in the scatterplot as a reference, answer the following questions:
f. What do the points above the line represent?


g. What do the points on the line represent?


h. What do the points below the line represent?


i. Why is it helpful to draw the line height = arm span? How does this line help us analyze differences?

j. Does the line height = arm span generally provide an accurate description of the trend in the scatter plot?

 While personal judgment is useful, statisticians prefer to use more objective methods. To develop criteria for identifying the "better" line, we'll use a concept developed before: the vertical distance from a point to a line.
For example, let say a Person, whose arm span is 173 cm and whose height is 185 cm, is represented by the point (173, 185) in the scatter plot. If you were to use the line to predict person 11's height based on his or her arm span, the predicted values would be represented by the point (173, 173), which lies on the line Height = Arm Span. The scatter plot thus far looks like this:
[image: ]
The difference between the actual observed height (Y) and the corresponding hypothetical, predicted height (on the line) is called the error. If we use YL (Y on the line) to designate the Y coordinate that represents the predicted height, then we can calculate the error as follows: Error = Y – YL on the Table attached.
In other words, Error = Actual Observed Height – Predicted Height (on the line). Finally, the vertical distance between an observed height and a predicted height can be expressed as: Distance = |Y – YL| = |Error|
k. Determine the residuals for the line y = x.  Fill in the Column on table labeled Error Y – YL and then plot the residuals below:
[image: ]

l. What does the residual plot tell us in this situation?
One measure of how well a particular line describes the trend in bivariate data is the total of the vertical distances. When comparing two lines, the line with the smaller total of the vertical distances is the "better" line in terms of how well it describes the linear relationship between the two variables. What is the total for our data?
m. How strongly is the regression line y = x?  Fill in the last 2 columns in the chart to determine the sum of the squares made from the residuals.  What is the sum of the squares? ____________________
	Distance
|Y – YL|
	Error2
(Y – YL)2


14. Could there be a better line for describing this trend?
a. Add to the scatterplot the line height = arm span + 1 (y = x + 1)

b. Does the line height = arm span + 1 (y = x + 1) generally provide an accurate description of the trend in the scatter plot? 
c. Determine the residuals for the line y = x + 1.  Fill in the Column labeled
Error Y – YL, in the corresponding Table, and then plot the residuals below:

[image: ]What does the residual plot tell us in this situation?


d. How strongly is the regression line y = x + 1?  Fill in the last 2 columns in the chart to determine the sum of the squares made from the residuals.  What is the sum of the squares? ____________________
	Distance
|Y – YL|
	Error2
(Y – YL)2



15.Could there be a better line for describing this trend?
a. Add to the scatterplot the line height = arm span + 1 (y = x – 1)

b. Does the line height = arm span – 1 (y = x – 1) generally provide an accurate description of the trend in the scatter plot? 
c. Determine the residuals for the line y = x – 1.  Fill in the Column, in the corresponding table, labeled Error Y – YL and then plot the residuals below:
[image: ]

d. What does the residual plot tell us in this situation?
 
e. How strongly is the regression line y = x – 1?  Fill in the last 2 columns in the chart to determine the sum of the squares made from the residuals.  What is the sum of the squares? ____________________
	Distance
|Y – YL|
	Error2
(Y – YL)2


15. Based on a visual inspection, which of these three lines does the best job of describing the trend in the data points? Explain why you chose this line.
 
16. Based on the residual plots, which of these three lines does the best job of describing the trend in the data points? Explain why you chose this line. 
17. Based on a sum of the squares inspection, which of these three lines does the best job of describing the trend in the data points? Explain why you chose this line

18. Could the best fit line have a slope 0.75 for example. Draw the line in GeoGebra? Does it pass near many of the other data points? Does it need to have a Y–intercept different from 0? Let's compare this new line to the line that we found to be the best fit so far. Complete the table and find the total error. 
19. Find the line of best fit in GeoGebra. You can draw the line by clicking on the “Regression Model” button at the bottom left corner of the window. Select “Linear”. What is the equation of this line? 

20. Using Excel or GeoGebra find the Sum of the Square Equation (SSE) using the line given in GeoGebra as the line of best fit. Is this line giving the smallest SSE so far? 
21. What other ways could we change the line equation in an attempt to further reduce the SSE?
 
22. Is it possible to reduce the SSE to 0? Why or why not?
  The Height and Arm Span Juxtaposition Table y = x

	Person
	Arm Span
(X)
	Height
(Y)
	X – Y
	YL = X
	Error
Y – YL
	Distance
|Y – YL|
	Error2
(Y – YL)2
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The Height and Arm Span Juxtaposition Table y = x – 1


	Person
	Arm Span
(X)
	Height
(Y)
	X – Y
	YL = X - 1
	Error
Y – YL
	Distance
|Y – YL|
	Error2
(Y – YL)2
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The Height and Arm Span Juxtaposition Table y = x + 1

	Person
	Arm Span
(X)
	Height
(Y)
	X – Y
	YL = X + 1
	Error
Y – YL
	Distance
|Y – YL|
	Error2
(Y – YL)2
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The Height and Arm Span Juxtaposition Table y = 0.75x

	Person
	Arm Span
(X)
	Height
(Y)
	X – Y
	YL = 0.75X 
	Error
Y – YL
	Distance
|Y – YL|
	Error2
(Y – YL)2
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The Height and Arm Span Juxtaposition Table Line of Best Fit
y = ____________
	Person
	Arm Span
(X)
	Height
(Y)
	X – Y
	Line of Best Fit
	Error
Y – YL
	Distance
|Y – YL|
	Error2
(Y – YL)2
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STEM Connection: Forensics	[image: http://upload.wikimedia.org/wikipedia/commons/a/a6/Defense.gov_News_Photo_060921-A-4543J-003.jpg]
Forensic Anthropology
Forensic anthropology is the application of anthropology to criminal investigations. It incorporates concepts and methods from biological anthropology (the study of the physical aspects of humanity). http://upload.wikimedia.org/wikipedia/co 1

Identifying unknown individuals is a key part of forensic anthropology. Anthropologists assist in identifications primarily by constructing a biological profile. This includes estimating age, sex, stature, and ancestry, as well as identifying specific characteristics, like diseases or injuries. In addition to helping identify human remains, the anthropologist analyzes injuries that happened around the time of a person's death, which can help determine how a person died. To do these things, an anthropologist begins by asking a series of important questions.
Biological Profile / Stature
When estimating stature, the examiner must first choose the appropriate formula for the calculation. Different formulae are used for different body types and groups of individuals.  For example, males and females have slightly different body proportions, with females having relatively longer legs and males having relatively longer arms. Also, populations in colder climates tend to have stockier bodies and limbs to conserve body heat.  Populations in hotter climates tend to have longer bodies and limbs to maximize cooling.  
Stature estimates must also be adjusted for age.  Once a person stops growing, at about 30 years of age, they begin to lose height through the compression of vertebral disks and age-related degeneration of vertebrae (i.e. the spine tends to shrink).  After maturity, individuals lose approximately one centimetre of height every decade.
In our case, the forensic anthropologist selected a femur and a tibia to estimate the stature of the individual:
The femur measured 50.7 cm. The tibia measured 41.0 cm. The forensic anthropologist then estimated stature using the following regression equation for European males:
0.05566 (Femur Max L + Tibia L) + 21.64 = Estimated stature +/- 2.5” 
Maximum length of the femur (507 mm) and tibia (410 mm):
0.05566 (507 + 410) + 21.64 = 72.68”  +/- 2.5” (186 cm +/- 6.35 cm)
As mentioned, because of differences in body size and shape, the anthropologist used a population-specific formula to calculate height. The formula for European males provides a 90% Prediction Interval (PI), meaning there is a 90% chance that this particular person would have had a living stature within this range. However, if the individual was not a member of this sample group, a different formula would be needed and the confidence ranges would also differ. If the sex or ancestry of the person could not be determined, the anthropologist would use a ‘generalized’ formula, but the result would be associated with greater uncertainty.
According to this formula, the individual whose remains have been found has a height of 180 – 192 cm (5’ 10”-6’3”).
Although the forensic anthropologist used the femur and tibia to estimate stature in this case, they could have used the arm bones (humerus, radius or ulna). However, this would have required a different formula, and because the arms do not correlate as well to height as the legs, the stature estimation would not have been as accurate. The prediction interval would also be broader (e.g., 180-192 cm using leg bones or 178-194 cm using arm bones).
While stature estimation seems fairly straightforward, producing an estimate is not always easy.  Adult stature is the result of several factors including health and nutrition during growth and development; genetics; sex; ancestry; and social conditions.  Anthropologists may not be able to account for all of these variables during an analysis, but they can improve their accuracy by incorporating certain aspects of the biological profile (e.g., female of Asian ancestry) and using the most appropriate formulae for that individual.
Cultural factors must also be considered.  Our society places great importance on height, especially for males, but this can lead to unconscious mistakes in antemortem documentation.  For example, when asked, males tend to overestimate how tall they are. This means that many men are not actually the height listed on their driver’s license or other official identification.  Under stressful conditions, family members may also report a loved one’s height incorrectly.  This presents a challenge for death investigators because they cannot always be certain that a living stature was reported accurately.  
Stature can be difficult from the perspective of missing persons lists as well.  Height in most populations tends to fall in a bell curve.  That is, most people are in the middle (“average” height), with only a few very tall or very short people.  If the biological profile of a set of remains suggests the person was of average height, then this does not contribute much to identification.  However, for very short or very tall individuals, stature can be extremely helpful in the identification process.
Investigating Forensics
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