A. DESCRIPTION


The goal of this experiment is to find the relationship between the loft of a golf club and the distance a ball hit with that club travels.  I collected data on ten different lofts, 15 trials with each with the case of the experiment being the specific trial and loft.  Through the data, I want to be able to predict the distance (response variable) from the loft (predictor variable).

B. SAMPLING/ DATA COLLECTION

To conduct this experiment I used an assistant golf professional, Carol Brogan.  Carol is a graduate of Methodist College and won the division 3 NCAA Women’s Golf Championship 2001.  She used Titleist DCI 962 irons (pitching wedge through 3-iron), with the exception of the sandwedge (560—Titleist Triple Grind) and the gap wedge (520—Titleist Vokey Design), all with steel shafts.  I found the lofts of each of these clubs in a few different Titleist marketing brochures.  I asked Carol if she would hit 150 golf balls, but did not tell her the reason.  She was going to hit 15 trials with 10 different clubs, all of a different loft.   This was to eliminate some psychological factors, so she wouldn’t try to affect the results.  The experiment was conducted outside at a restricted access driving range (Ipswich Country Club), where Carol hit off an Astroturf mat.  Because this facility is outside, factors such as humidity, wind, rain, or temperature can greatly affect the results.  To reduce the effects of these lurking variables, I used randomization.  Randomization also helped to reduce psychological variables, because if Carol hit 15 balls in a row with the same club, she would expect it to go the same distance each time, and therefore would try to effect the results.  If she doesn’t know what club she’s hitting and doesn’t hit multiple balls with the same club, she can’t try to influence the results.  To randomize, I used random selection without replacement by the TI-83 Plus calculator (see attached list).  

The day I collected the information, October 17, 2001, 570 F, with a gusty wind and short rain showers.  I used a Bushnell Yardage Pro 500® to measure the distance.  This contraption uses a laser to measure the distance, in yards, from where you are standing, to where you are pointing.  I measured the distance from where the ball was hit to approximately where it landed.  Before beginning the experiment, I allowed Carol to warm-up by hitting about 10 balls.  When she was done warming-up we began the experiment but after only 15 trials, the battery in the yardage finder died.  We took about 30 minutes to go to the store and buy 9-volt batteries, and then recommenced the experiment.  20 trials later, the battery again died and we again replaced it.  We went on to collect another 30 pieces of data before the battery died again.  At this point Carol had another commitment and we postponed collecting the rest of the data (85 more trials) three days. 

 On October 20, it was 610 F, partly cloudy with a mild wind.  We used the same clubs and the same Bushnell Yardage Pro 500® at the same driving range. I also continued using the randomized list I created 3 days prior and we were able to successfully complete the experiment without the battery dying.   In the end, I had collected 150 pieces of data, 15 from 10 different lofts.

RANDOMIZED LIST (OF LOFTS)  

 Blue: collected 11/17  black: collected 11/20     

--------------------------------------------------------------------------------------------                                              
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D. MODELS

To find the least squares regression line (LSR), we use the formula y=a+bx, where b is the slope coefficient and a is the intercept coefficient. Remember that y=distance and x=loft.  We also use: b=r(sx/sy) where r is the correlation coefficient sx is the standard deviation of x and sy is the standard deviation of y.  To find a, we use the formula a=y-b where y is the y mean and  is the x mean.  Using the calculator and “1-var statistics” we can find that =38.25, sx=11.16, y=128.77, and sy=31.56.  To find r, we use the following formula where n is the number of data points,  means to add up what follows it, xi means the x value of the ith point and yi means the y value of the ith point.

(see attached two pages for the x and y z-scores, products of these, sum of those products, and final value of r.  The computations were done in Microsoft Excel, there were too many data points (150) to do out by hand).  I will do one example of finding the product of the z scores, using the first data point (56, 47) and the equation for r as stated above.

We know that x=38.25, sx=11.16, y=128.76, sy=31.56, x1=56, and y1=47, so (
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Notice that even when the point (48,125) was changed to

(48,100), the change did not affect the models, therefore

they aren’t influential points


(56-38.25)    (47-128.76)    = -4.12     
11.16 31.56

This same process is used for every data point, and is shown in the attached tables.

From the data collected, we find that r=-0.95.  We then plug this value and the standard deviation values into b=r(sx/sy) ( b=-0.95(31.56/11.16) to get b=-2.689.  To find we use a=y-bx ( a=128.77-(-2.689*38.25) to get a=231.624.  So, the least squares regression line with respect to the model, is:

Distance = -2.689(loft) + 231.624

Because r=-0.95, we know that the relationship between loft and distance has a strong, negative association.  So as the loft increases, the distance decreases.  The slope, -2.689, means that with every additional degree of loft, the distance decreases by 2.689 yards.  The intercept coefficient, 231.624 means that, with respect to the model, when the loft is zero, the distance will be 231.624 yards.

FINDING THE BEST MODEL

The correlation coefficient, r, only shows the  strength the relationship, which in this case is very strong, but it does not tell us if it’s the best model for our data.  To answer the question, is this the best model? we use r2.  In terms of the LSR line, r2 is .905, which means that the least squares line is a good model for showing the relationship between loft and distance.  Let’s look at a different, non-linear, model anyway.  On the following page, the LSR line and a new model, quartic regression, are compared.  The quartic regression line is as follows:

Distance=0.0002(loft4)–0.0319(loft3)+1.893(loft2) -50.657(loft) +667.16

 The quartic regression line has a higher r2 value, meaning that it is a better model.  In this model, r2=.9103, almost a tenth higher than that of the LSR line.  But is this really a big difference?  Let’s look at the value of r.  In the LSR line, r=-.9512 whereas in the quartic regression line r=-.954, almost three tenths higher, showing a stronger relationship.  The differences in the r2 and r values are very small and may not be really significant, so let’s look at the residual plots, also shown on the attached page.  These two plots have the same scales, and you can see by comparing the residual values are more balanced in the quartic regression residual plot as opposed to the LSR residual plot.  The residual plot from the LSR line seems to have a bigger arch-like pattern than the quartic plot.  The latter also has less of a pattern than the former, showing that suits the data better.  

We also need to take into consideration the affect of outliers and influential points.  Are there any in either model?  Let’s take the point (48, 125)—marked in red on the graphs—is this an outlier with respect to either model?  It has a large residual in both models, so yes, it is an outlier with respect to both models.  But does removal of this point affect the line, i.e. is it an influential point?  No!  Even though influential points are often outliers, this outlier is not an influential point.   This is because there are so many other pieces of data near it, that it wouldn’t change much.  Look at the graphs on the backside of the attached page.  These show both models with the point (48, 125) now at (48, 100).  Clearly the line did not change much at all.  Are there any influential observations in either graph?  No, because there aren’t any observations that has a large moment.  If there had been one trial of say, a 9.50 loft club (driver), then that would be an influential point, because if we moved that point, it would make the line move also, due to its large moment.  This point would be influential to both models and therefore, doesn’t show which model would better suit the data.  

The data shows that the quartic regression model suits the relationship between loft and distance better than the LSR model because both r and r2 are higher.

PREDICTIONS

What would be the distance that Carol hits her driver if her driver has a loft of 9.50?  Let’s use the quartic regression model, because it seems to fit the data better.  

Distance=.0002(9.54) - .0319 (9.53) + 1.893(9.52) – 50.657(9.5) + 667.16

Distance =331.027 yds

This yardage seems ridiculously high, even for a golf professional like Carol.  At the end of the experiment I asked Carol how far she hits her driver, on average, and her answer was 250 yards.  Clearly, this exercise just shows how dangerous extrapolation can be.  Predicting beyond the boundaries of the data can be very inaccurate, as we just witnessed.

As we have clearly seen, loft and distance are very strongly associated, but does this mean that they also have a cause-and-effect relationship?  There is a great difference between association and causation.  Two variables can have a very strong relationship but not have a cause-and-effect relationship.  In this case, though, loft and distance do have a cause-and-effect relationship.  The reason the distance is greater when the loft is smaller is because of the trajectory and spin created when you hit the golf ball.  A high loft makes the ball go higher, which in turn makes the ball go a shorter distance.  High lofts also create more backspin on the ball, which slows the ball down.  This is because the club face is able to slide underneath the ball more easily than a low-lofted club.  A smaller loft causes the ball to travel lower and create much less backspin than a high-loft.  Clearly, along with having a very strong association, the loft of a golf club and the distance the ball travels also has distinct cause-and-effect relationship.

ERROR EVALUATION

Much error could have been eliminated in this experiment if I had the time and the money.  For one, the yardage finder that I used was very inaccurate.  It was a pair of binoculars that you held and when you found your target, you held down a button that scanned the distance and told you the yardage.  It is a very innovative idea, but is only accurate if you can keep your hands still while it scans.  Also, it is very difficult to target in on a golf ball that is 150 yards away.  Because there is such a large moment between where you are standing and where you are pointing to, even a little movement can largely influence the outcome.  Even moving the yardage finder a few centimeters can change the yardage from 150 to 208.  Another source of error is the driving range.  The driving range we used was very hilly and if the ball went on the other side of a little hump, you can’t see it, therefore you can’t measure the distance.  Sometimes you can’t even tell that there is a hump there and that can throw off the data an extreme amount.  Also, the myriad of balls on the range made it difficult to find the ball that was just hit.  It is very probable that I targeted on the incorrect ball multiple times.  To eliminate this kind of error, I could have used a Distance Caddy.  The Distance Caddy uses radar and a microphone to measure the distance.  You put the microphone down next to the ball (before you hit) and the Distance Caddy measures the sound of the club contacting the ball and radar to measure the distance.  This method had been proven very accurate, but it costs $1,500.  I also could have marked the golf balls that Carol hit and gone out there after she hit them, to verify the distances, but that would have taken a lot more time.  I could have had the range picked (cleaned), and made sure that Carol was the only person hitting balls, so I wouldn’t have the problem of confusion, but that wouldn’t be fair to the other members of the Country Club who pay to use the driving range.  Another variable that may have affected the results was the temperature.  Unfortunately, due to equipment failure, I had to collect the data on two different days.  The weather on each of these days was different.  The first day it was 570, very windy with a few showers, and the second day it was 610, partly cloudy with a mild wind.  The colder day may have caused the distances to be shorter because when it is colder, you can’t be very loose, and the golf ball looses a lot of compression.  There was no way to lessen the effects of this lurking variable by randomization, but it may have affected the results greatly.  Many of the data points with large residuals with respect to the appropriate model are not errors.  These values are simply bad shots.  But, clearly, with more time and money, this experiment could have been much more successful.

CONCLUSION
I found that as the degrees of loft of the golf club decreases, the distance the ball hit by that club, increases.  This is a strongly negative association.  By trying to predict the distance of a 9.50 club (driver), I learned that extrapolating can be very inaccurate.    I also found that loft and distance in this case have a cause-and-effect relationship.  In the end, I was able to pin-point many sources of error that could be fixed with more time and/or money.  I also found that an outlier is not always an influential observation, and that in order for a point to be an influential observation, it must have a large moment.




