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What Pro Golfer’s Statistics Best Predicts Their Money Earnings
Introduction

It is often said in golf that you “drive for show and putt for dough” meaning that the most important part of the game of golf is putting. Having played golf most of my life it is of interest for me to investigate what aspects of the game is the strongest indicator of success. Success on the PGA tour is often measured in the amount of money a player earns during a year. This regression analysis is designed to analyze the relationship between the total money winnings of the top 189 players in the 2010 PGA tour season and a variety of their corresponding statistics. The regression model has 8 explanatory variables: Greens in Regulation Percentage (GIR), Scrambling Percentage, Putting Average, Putts per Round, 3-Putt Avoidance Percentage, Total Putting, One Putt Percentage, and Ball Striking. These variables will be used along with Excel’s regression analysis tool to determine the ideal number of explanatory variables that should be used for this model.
Data Sources

The data used for this project was compiled from the official statistics of the 2010 PGA Tour Season. The data is compiled in the corresponding tabs in the Excel file. The link to the PGA Tour’s website is: http://www.pgatour.com/r/stats/.
Equation and Variables
The equation and variables for the complete model is:

Y = α + β1X1+ β2X2+ β3X3+ β4X4+ β5X5 + β6X6+ β7X7+ β8X8
A description of the variables is the following:

Y = Total money earnings in a year (dollars)

α = Intercept

βi = Least Square Coefficients

X1 = GIR (The percent of time a player goes for the green with the first shot on a par 4 or the second shot on a par 5 on a hole where it is a viable option (at least one player went for the green on that hole). A player is assumed to be going for the green if the first shot on a par 4 or second shot on a par 5 lands on or around the green. If the second shot on a par 5 lands in the water, it is included as well. Note: 'Around the green' indicates the ball is within 30 yards of the edge of the green; the shot must be determined by a laser to be included).
X2 = Scrambling Percentage (The percent of time a player misses the green in regulation, but still makes par or better).
X3 = Putting Average (The average number of putts for all holes played (total putts / total holes played).

X4 = One Putt Percentage (The percent of time a player 1-putts (total 1-putts / total holes played).
X5 = Putts Per Round (The average number of putts per round played).

X6 = 3-Putt Avoidance (The percent of time 3 or more putts were taken for a hole (total 3-putts, 4-putts, etc./ total holes played).
X7 = Total Putting (Total Putting is computed using 6 putting stats Putting from 3-5', Putting from 5-10', Putting from 10-15', Putting from 15-20', Putting from 20-25' and Three Putt Avoidance from > 25'. Each statistic is given a numerical weighting based on the frequency of putts attempted from each distance. The players rank in each of the statistics used is multiplied by the corresponding weigh factor, totaled, and divided by the number of statistics used to produce the Total Putting Value).

X8 = Ball Striking (Ball Striking is computed by totaling a player's rank in both Total Driving and Greens in Regulation).

Hypothesis
The null hypothesis is that all least squares coefficients are zero, β1 = β2= β3 = β4 = β5 = β6 = β7 = β8 = 0.

8-Variable Regression Full Model

Y = 9119255.43 + 12315.22X1 + 26821.68X2+ 2570755.86X3 - 524531.46X4+ 68962.69X5 - 2272.81X6 + 62922.61X7 - 3548.25X8
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Multiple R 0.672377254

R Square 0.452091172

Adjusted R Square 0.427739668

Standard Error 796540.8867

Observations 189

Coefficients Standard Error t Stat P-value

Intercept 9119255.432 19175458.47 0.475569095 0.63495802

GIR % 12315.21566 6976.782195 1.765171295 0.079230674

Scrambling % 26821.68239 22567.9638 1.18848482 0.23620812

Putting Average 2570755.859 2297094.315 1.119133786 0.264574272

Putts Per Round -524531.4559 635002.1398 -0.826031005 0.409880024

3-Putt Avoidance 68962.68759 177332.0321 0.38889019 0.697817017

Total Putting -2272.809835 1510.682984 -1.504491584 0.134207475

One Putt % 62922.60712 104923.2698 0.599701165 0.549459563

Ball Striking -3548.250107 882.5395304 -4.020499915 8.53148E-05


It is surprising that Ball Striking has the lowest P-value of all the explanatory variables. However, it is not surprising that GIR has a low P-value due to the fact that one of the variables used for the calculation of Ball Striking is GIR. Although, it is important to note that Ball Striking has a negative coefficient and GIR has a positive coefficient. At this moment it is not clear what the reason for this result is.
The R Square and Adjusted R Square demonstrates that this model is not a great predictor of how much money you can make on the PGA tour, however, we will continue to modify the model to make it simpler while not sacrificing its predictive power. In order to achieve this we will remove the statistic with the highest P-value. In this case it is 3-Putt Avoidance.
It could be surprising that 3-Putt Avoidance is eliminated first but if you dig deeper there could be a clear reason as to why this occurs. 3-Putt Avoidance measures the % of times a player has putted 3 or more times in a hole. You would expect this variable to be a good predictor of money winnings but this variable does not distinguish between putting 1 or 2 times in a hole. This means that while you maybe not putting more than 3 times (which is good) you may putting twice most of the time(which in not great). In the PGA tour the top player are great and this means making many birdies that correlate directly to making one putts. So in this case 3-Putt Avoidance does not show us who the great players are.

7-Variable Model

Y = 4587372.58 + 12851.25X1 + 26458.10X2+ 2203617.31X3 – 375222.65X4 – 1980.91X6 + 86570.37X7 – 3515.30X8
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Multiple R 0.672034835

R Square 0.45163082

Adjusted R Square 0.430423172
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Observations 189

Coefficients Standard Error t Stat P-value

Intercept 4587372.577 15192420.61 0.301951394 0.763035782

GIR % 12851.24726 6823.214924 1.883459249 0.06124194

Scrambling % 26458.10133 22495.65935 1.176142513 0.241082526

Putting Average 2203617.308 2089213.883 1.054759077 0.292941425

Putts Per Round -375222.6484 504600.3478 -0.743603626 0.458080473

Total Putting -1980.90805 1307.937233 -1.514528373 0.131636191

One Putt % 86570.36877 85305.07211 1.014832608 0.311540268

Ball Striking -3515.303189 876.4015929 -4.011064353 8.83283E-05


As before Ball Striking remains the most powerful predictor of money winnings and again followed by GIR.  Also, it is counter intuitive for the coefficient of Ball striking to be negative. One would expect that as your ball striking improves (increases) then your money winnings would increase as well. In this model this relationship shows a negative correlation. However, the P-value is much lower than the other variables thus it is proper to keep Ball Striking in the model.
The 7-variable model has retained the same R Square and Adjusted R Square, thus we have effectively eliminated a variable with sacrificing predictive power. 
In out next regression we will remove Putt per round since it has a very high P-value.

6-Variable Model

Y = -6616276.22 + 12870.88X1 + 29961.25X2+ 931439.96X3 –  2369.41X6 + 142276.51X7 – 3384.10X8[image: image3.emf]Regression Statistics

Multiple R 0.670787282

R Square 0.449955578

Adjusted R Square 0.431822246

Standard Error 793694.4893

Observations 189

Coefficients Standard Error t Stat P-value

Intercept -6616276.22 1948078.708 -3.396308472 0.000838689

GIR % 12870.87696 6814.778705 1.8886713 0.060526538

Scrambling % 29961.25351 21969.80184 1.363747098 0.174331507

Putting Average 931439.9569 1197644.696 0.777726449 0.4377401

Total Putting -2369.414039 1197.580816 -1.97850033 0.049380969

One Putt % 142276.5052 40752.86253 3.491202737 0.000603378

Ball Striking -3384.103097 857.4025388 -3.946924512 0.000112971


In the 6-Variable model we have retained almost the same R Square and Adjusted R Square while removing one variable. 

Ball Striking still remains the variable with lowest P-value, but GIR is not the second lowest P-value anymore. Total Putting and One Putt Percentage have decreased their P-value dramatically. This signals that putting is taking a more important role in predicting money winnings as one would expect even though Putting Average statistic has the highest P-Value.
In our next regression we will eliminate Putting Average while retaining our predictive power in the model.
5-Variable Model

Y = -5676470.35 + 13089.59X1 + 26401.72X2 –  2043.76X6 + 161798.09X7 – 3706.03X8
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Multiple R 0.669423305

R Square 0.448127562

Adjusted R Square 0.43304908

Standard Error 792837.1364

Observations 189

Coefficients Standard Error t Stat P-value

Intercept -5676470.345 1526346.916 -3.718990935 0.000265831

GIR % 13089.5882 6801.618756 1.924481314 0.055845439

Scrambling % 26401.71768 21464.56798 1.230013933 0.220270779

Total Putting -2043.762122 1120.782177 -1.823514117 0.069857016

One Putt % 161798.0878 32070.52076 5.045072047 1.08726E-06

Ball Striking -3706.027887 750.0554475 -4.941005228 1.74702E-06


In the 5-Variable model we notice as before that we retain our R Square and Adjusted R Square value. Also, our trend of putting statistics lowering in P-values continues. 

Scrambling Percentage now has the highest P-value. This is expected because if you are scrambling in the first place it means that the player is not making quality shots to the green, thus loosing opportunities to make birdies. In our next regression we will remove this variable.

4-Variable Model

Y = -4491272.17 + 10332.93X1 – 2265.17X6 + 178192.63X7 – 4083.70X8
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Multiple R 0.666006765

R Square 0.443565011

Adjusted R Square 0.431468599

Standard Error 793941.4579

Observations 189

Coefficients Standard Error t Stat P-value

Intercept -4491272.168 1185404.586 -3.788809509 0.000204928

GIR % 10332.93359 6430.722668 1.606807527 0.1098113

Total Putting -2265.169176 1107.7738 -2.04479396 0.042299356

One Putt % 178192.6334 29210.1818 6.100360301 6.10282E-09

Ball Striking -4083.700732 685.2812732 -5.95915997 1.26555E-08


In the 4-Variable we notice as before that we retain our R Square and Adjusted R Square value. Also, our trend of putting statistics lowering in P-values again continues. Although this model has the same predictive power as before we still have to remove the GIR statistic to make the P-values closer to zero.

3-Variable Model

Y = -4469940.823 – 1842.18X6 + 191110.02X7 – 4552.18X8
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Multiple R 0.660119148

R Square 0.43575729

Adjusted R Square 0.426607408

Standard Error 797328.5055

Observations 189

Coefficients Standard Error t Stat P-value

Intercept -4469940.823 1190387.004 -3.755031606 0.000232007

Total Putting -1842.184366 1080.631694 -1.704729165 0.089923647

One Putt % 191110.0174 28201.94221 6.776484259 1.59461E-10

Ball Striking -4552.182613 622.8092161 -7.309112478 7.82588E-12


The R Square and Adjusted R Square values have gone down slightly in this model. But, similar to the 4-Variable model the Total Putting statistic has to be removed in order to make all P-value close to zero.
2-Variable Model

Y = -6103574.33 + 224889.79X7 – 4477.89X8
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Multiple R 0.6533711

R Square 0.426893795

Adjusted R Square 0.420731362

Standard Error 801403.5465

Observations 189

Coefficients Standard Error t Stat P-value

Intercept -6103574.333 709790.3563 -8.599122655 3.27113E-15

One Putt % 224889.7942 20170.001 11.14971656 1.9442E-22

Ball Striking -4477.887466 624.4577951 -7.170840849 1.70698E-11


In the 2-Variable Model we have achieved to create a regression model with close predictive power as the all variables model. In addition all of our t-Stats are very high showing that our values are significant to the 95%. Also, all the P-values are close to zero. 

It is interesting to note that One-Putt Percentage is influenced directly by how close to the whole your shot to the green is. It can be argued that Ball striking and One Putt Percentage are correlated since your ability to strike the ball influences how close to the hole you will be once on the green. Due to this relationship we will observe separate one-variable models for One Putt Percentage and Ball Striking.

1-Variable Model (One Putt %)

Y = -5257270.87 + 178182.86X7
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Multiple R 0.518126149

R Square 0.268454706

Adjusted R Square 0.264542699

Standard Error 903004.6438

Observations 189

Coefficients Standard Error t Stat P-value

Intercept -5257270.867 788643.5257 -6.666219522 2.86453E-10

One Putt % 178182.8552 21509.49478 8.283916334 2.24649E-14


One Putt Percentage model has lost some of its predictive power compared to the 2 variable model. This decline is enough to reject this model because of the decrease in R Square.
1-Variable Model (Ball Striking)
Y = -1681398.124 – 2229.49X8
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Multiple R 0.209400988

R Square 0.043848774

Adjusted R Square 0.038735666

Standard Error 1032363.56

Observations 189

Coefficients Standard Error t Stat P-value

Intercept 1681398.124 164410.184 10.22684899 8.8152E-20

Ball Striking -2229.493964 761.3249523 -2.92843937 0.003830173


The Ball Striking model has lost most of its predictive power with an R Square of 0.044. We can reject this model. 

It is interesting to investigate as to why there is a negative correlation between Ball Striking and money winnings. In order to explain this we need to understand that the way players earn money is if they make the cut in a tournament. Once a player has made the cut then they are awarded money depending on their where they place, specifically there is a disproportionate amount of money awarded for the winner of a tournament. This means that if you win a tournament you are probably already in top 25 money winners for that year in the tour. So even if you have no struck the ball well all year you can hit a hot streak of 4 rounds and win a tournament and be in the top of the money list. This variability in results means that you do not have to be a good ball striker to make money, but you do have to be a good ball striker to consistently make money. 

The following regression is made using the Top 25 players in money winnings in the tour for 2010. It should be expected that these players are consistently good and thus will show a positive correlation between their money winnings and Ball Striking. 
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Multiple R 0.122162656

R Square 0.014923715

Adjusted R Square -0.027905689

Standard Error 686344.8198

Observations 25

ANOVA

df SS MS F

Regression 1 1.64142E+11 1.64142E+11 0.348445537

Residual 23 1.08346E+13 4.71069E+11

Total 24 1.09987E+13

Coefficients Standard Error t Stat P-value

Intercept 3291723.073 316087.9898 10.41394542 3.53688E-10

Ball Striking 1099.945334 1863.389521 0.590292755 0.560750056
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Now, we see a positive a correlation between Ball Striking and money winnings. As, expected we can confidently say that to be consistently earning money in the tour you need to strike the ball well.

Conclusion
The chosen “best model” to predict a PGA tour player’s money winnings is the 2-variable model. 
Y = -6103574.33 + 224889.79X7 – 4477.89X8

Y = Money winnings

X7 = One Putt Percentage
X8 = Ball Striking

The resulting R-square value of our “best model” is 0.4356. This indicates that our model is decent in predicting money winnings of a player. In reality, due to the quality of player on the tour, it is very hard to pinpoint one or more parts of the game in which a player can become very good at in order to be successful. Your best bet is to be very good at every aspect of the game. For any person who has played golf this is obviously easier said than done.

It was expected that putting statistics would have a greater impact on our model; however this was not completely true. A combination on how a player hits his drive, approach shot, and first putt where the variables that best predict a players earnings. This in reality makes more sense because of two reasons. First, no matter how good a putter a player is, your putting does not matter if you cannot reach the green safely with good ball striking. Second, the caliber of player in the PGA tour is extremely skilled in every aspect of the game, this means that the putting abilities of the players of the tour does not differ from player to player greatly. In fact, out of the all the players in the data set, the difference between the best player and worst player in the putts per round category were 3.03 strokes.

Although this model predicts a negative correlation between money winnings and ball striking, the P-values and R-square values make this model the best predictor of money winnings. The project’s goal to eliminate as many variables while simultaneously keeping R-square close to the full model as possible and lowering the P-values to within 95% confidence interval was achieved. 
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