In this advanced version of the “Keep your eyes on the ball” activity by Bereska, et al. (1999), each group is to explore the relationship between the ball’s rebound height and the height from which it is initially dropped, to use linear regression to describe this relationship, and to draw inferences using the fitted line.  Here rebound height is defined to be the highest level of ascent that the ball makes after impact with the floor or ground.

First, your group should select a ball for study.  The ball should be dropped from each of ten heights five times.  Your group should determine ten appropriate drop heights that you will use for this experiment.  Your group should also appoint one student to drop the ball, a second to observe the rebound height, and a third to record the data.  Additional observers are helpful on spotting the rebound height.  A data sheet (attached) should be used to record your data.

Some practice drops should be taken.  Both the drop height and the rebound height should be recorded for the bottom, not the top, of the ball.  Why?  

A measuring stick can be used to position the ball at the appropriate drop height and then again to mark the height of rebound as illustrated in the diagram below (DIAGRAM 1).  Another approach is to use chalk or post-it notes to create tick marks on the wall or building side corresponding to each level of the independent variable.  It will quickly become obvious that the most challenging part of this activity is to accurately record the rebound height.  The rebound-height observer must be at about eye level with the rebound height to record it accurately.  It is difficult, if not impossible, to observe very small rebound heights so the group will need to be sure that the minimum drop height is not too low.  It is also difficult to read the rebound height at the time of the drop.  Bereska, et al. (1999) suggest using a piece of paper or cardboard to track the ball’s bounce.  It is easier to record the rebound heights for higher drop heights so you may want to start with these.  
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DIAGRAM 1:  Making  use of a measuring stick to place the ball for dropping as well as to record its rebound height.

After completing data collection, plot the data.  The independent variable should be on the x-axis, and the dependent one on the y-axis.  Note that because the drop height was determined by the group and could have been set to many different values, it is an independent variable.  However, the rebound height depends on the initial drop height and is thus the dependent variable.  Notice that all rebound heights are not the same for a given drop height.  Why?  

Do you see a pattern to the data?  If so, describe it.

An assumption for linear regressions is that there is a population of y-values (rebound heights) at each x-value (drop height) and that the means of the populations lie on a line.  Use a different color or symbol on the graph to denote the sample mean of the rebound heights for each drop height.  Does it appear that these lie on a line?  

Remember, only five rebound heights are recorded for each drop height so the average of these five values is an estimate of the mean rebound height for that drop height.  Therefore, these sample means will not all lie exactly on the line even if the population relationship between drop height and mean rebound height is linear.  

Assuming that a line will adequately describe the relationship in the means of the rebound heights and the drop heights, interpret the intercept and slope.  What do you think the intercept should be?  Looking at the plot, what is the intercept likely to be?  If the two are not about the same, why aren’t they?  

What would a slope less than, equal to, or greater than one mean about the behavior of the ball when it is dropped?  Do you expect the slope to be less than, equal to, or greater than one?  Looking at the graph, do the data seem to agree with your expectations?

Another assumption for linear regression is that the variability of the population of y-values (rebound heights) is the same for each x-value (drop height).  Does this seem to be a reasonable assumption for these data?  Plot the sample standard deviations versus drop heights for these data.  Does your plot confirm your assumption?  

If confidence intervals are to be set on the parameters or hypotheses tests are to be conducted, an additional assumption is that each population of y-values (rebound heights) is normally distributed for a given drop height.  A good test of this assumption requires more than five observations.  However, extreme departures from normality can sometimes be seen with only five values.  Do you see any evidence that causes you to doubt this assumption?

Now, estimate the population regression line.  What is the estimated slope?  What is its interpretation in the context of this experiment?  Is the slope significantly less than one?  What does this imply about the behavior of the ball after it is dropped?  

What is the estimated intercept, and what does it mean for these data?  Is the intercept significantly different from zero?  Since the rebound height must be zero if the drop height is zero, what would an intercept significantly different from zero imply?  

Set a 95% confidence interval for the mean rebound height for a ball dropped from a height for which you did not collect data.  Interpret this interval in the context of this activity. 

Predict the rebound height for a ball dropped from a height for which you set the confidence interval.  Set a 95% prediction interval on this height.  Interpret this interval in the context of this activity.  Now, drop the ball from the height for which the prediction was made.  Did it fall within the interval? How are the two intervals different?  Why?

What is the population to which you can use the regression line to draw inferences?  For example, could you draw inferences using the line you estimated for another type of ball or for another ball of the same type?  What if the location of data collection changed?  Did the same person always drop the ball or always observe the rebound height?  If group members changed roles during the course of this experiment do you think that the regression assumptions are still valid?  If not, which assumptions do you think are violated as a result of switching roles?

Data Sheet—Fitting a Regression Line

	Drop Height
	 Rebound 1
	 Rebound 2
	 Rebound 3
	 Rebound 4
	 Rebound 5 

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Example Student Output:

Here is a data set that students in one group of our introductory course generated for this activity.  Only three drops at each of eleven heights were made here, but this should provide an idea of the type of data that would be collected.  Certainly, more in-depth analyses than presented here could be performed.

	      Drop Height

         (inches)
	         Rebound

     Measurement 1
	      Rebound

   Measurement 2
	         Rebound

     Measurement 3

	12
	 3
	6
	5

	18
	7
	8
	11

	24
	13
	14
	16

	30
	19
	18
	17

	36
	20
	21
	20.5

	42
	22
	21.5
	21

	48
	24
	26
	25

	54
	27
	28
	30

	60
	25
	31
	32

	66
	37
	39
	38

	72
	45
	44
	42


Using these data we constructed the following scatterplot and estimated regression line depicted below.  The regression output for this line follows the plot.
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Regression and Scatter Plot for Basketball Rebound Data
Estimated Regression Equation: Y =-1.43182 + 0.579545X
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Regression Analysis for Student Basketball Rebound Data

The regression equation is illustrated in the plot above and is given by:   Rebound Height (inches) = - 1.43 + 0.580 Drop Height (inches)

Predictor    Coefficient     StDev      T     P-Value

Intercept       -1.432       1.066    -1.34    0.189

Drop Height      0.57955     0.02313  25.05    0.000

S = 2.521       R-Sq = 95.3%     R-Sq(adj) = 95.1%

Analysis of Variance Table
Source            DF          SS          MS         F        P

Regression         1      3990.2      3990.2    627.71    0.000

Residual Error    31       197.1         6.4

Total             32      4187.2

An Unusual Observation (is circled in the plot above):

Obs   Drop Height   Rebound   Fit    StDev Fit  Residual  St Resid

 25      60.0        25.000  33.341    0.605     -8.341    -3.41 

Predicted Values and confidence and prediction intervals for a drop height of 34 inches:

Predicted Rebound  StDev Fit     95.0% CI           95.0% PI

      18.273         0.476   (17.301,  19.244)  (13.040,  23.506)

For the student data, a normal probability plot of the residuals from the regression and a plot of the sample standard deviations of rebound heights versus drop height are given here.  The normal probability plot can serve as another tool for locating the potentially outlying observation identified earlier.   This outlying observation could also explain the unusually higher standard deviation reported at the 60-inch drop mark. 
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Plot of Sample Standard Deviations for the three
measurements at each Drop for the Basketball Data
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Normal Probability Plot of the Residuals
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Recorded Rebound Height of 35 inches





Drop Height of 60 inches














