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TO:
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FROM:
xxxxx xxxxxxx
DATE:
July 8, 2013
SUBJECT:
Regression Analysis of PGA Tour Winnings


INTRODUCTION:

Mark Twain famously described the game of golf as “a good walk spoiled.”  Very true!  Golf can be quite a frustrating endeavour.  Nevertheless, there are millions of people around the world who play golf and who wish to improve their game -- including myself.  Hopefully, this regression analysis will shed some light on which facets of the game (driving, putting, etc.) are most important when it comes to helping you win more a couple more $10 Nassaus.

This report documents a regression analysis of the 2012 PGA Tour Winnings.  For this analysis, we will look at the winnings of the top 100 golfers of 2012, and investigate the explanatory effects the different facets of the game of golf have on these winnings.
DATA:
· Data Source
All data was collected from the PGA Tour’s official website -- http://www.pgatour.com/.  The PGA Tour keeps quite a robust collection of statistics on all tour members dating back to 1980.  The data for our analysis is complete 2012 data.  
· Response Variable
WINNINGS: Our response variable will be average per event winnings, measured in dollars per event.   The total money statistic we have used is defined on pgatour.com as: “The total official money a player has earned YTD. This includes PGA TOUR regular members and those players who have earned official money and WGC events.”  Average per event winnings is determined by dividing total money by the number of events played.  We will include the top 100 ranked players in our regression analysis.  Note that our analysis only included golfers who played in at least 15 events in 2012. 

The following table displays the top 10 ranked players:
FIGURE 1 - TABLE – Top 10 Ranked Golfers – Average Per Event Winnings
	RANK
	PLAYER
	TOTAL $
	EVENTS
	$/EVENT

	1
	McIlroy, Rory
	8,047,952
	16
	502,997

	2
	Woods, Tiger
	6,133,158
	19
	322,798

	3
	Watson, Bubba
	4,644,997
	19
	244,474

	4
	Snedeker, Brandt
	4,989,739
	22
	226,806

	5
	Rose, Justin
	4,290,930
	19
	225,838

	6
	Dufner, Jason
	4,869,304
	22
	221,332

	7
	Donald, Luke
	3,512,024
	17
	206,590

	8
	Westwood, Lee
	3,016,569
	15
	201,105

	9
	Mickelson, Phil
	4,203,821
	22
	191,083

	10
	Oosthuizen, Louis
	3,460,995
	19
	182,158


Data for the top 100 players is found in Appendix A.

· Explanatory Variables
Our analysis will examine and attempt to consider all key facets of the game of golf.  To start, we have broken down the game into 5 key facets, and have chosen a statistic from the PGA Tour website as a numerical proxy for each facet.  
1. DRIVING DISTANCE:  The more power you have, the further you can hit the ball off the tee, the shorter and easier your approach shot will be.  The statistic we have chosen to represent Driving Distance is called Driving Distance on pgatour.com, where it is defined as “The average number of yards per drive for all drives where the distance was measured by a laser.”  This statistic will be expressed in yards.
2. DRIVING ACCURACY:  The more accurate you are off the tee, the less trouble you get in to, the easier your approach shot will be.  The statistic we have chosen to represent Driving Accuracy is called Driving Accuracy Percentage on pgatour.com, where it is defined as “The percentage of time a tee shot comes to rest in the fairway (regardless of club).”  This statistic will be expressed as a percentage.
3. APPROACH ACCURACY:  The more accurate your approach shot, the closer and easier your putt will be.  The statistic we have chosen to represent Approach Accuracy is called Proximity to Hole on pgatour.com, where it is defined as “The average distance the ball comes to rest from the hole (in feet) after the player's approach shot. The approach shot distance must be determined by a laser, and the shot must not originate from on or around the green. The shot also must end on or around the green or in the hole. Note: 'Around the green' indicates the ball is within 30 yards of the edge of the green.”  This statistic will be expressed in inches.
4. SCRAMBLING:  Scrambling in golf is the ability to keep your score low when you do not hit the green in regulation.  The statistic we have chosen to represent Scrambling is called Proximity to Hole (ARG) on pgatour.com, where it is defined as “The average distance to the hole (in feet) after hitting the ball onto the putting surface from around the green. Only those shots determined by a laser will be included. (Note: 'Around the green' indicates the player is within 30 yards of the edge of the green).” This statistic will be expressed in inches.
5. PUTTING:  The better putter you are, the lower your score.  The statistic we have chosen to represent Putting is called Putting Average on pgatour.com, where it is defined as “The average number of putts per green in regulation. By using greens hit in regulation, we are able to eliminate the effects of chipping close and one-putting in the computation.”  This statistic will be expressed in number of putts per hole. 
The following table displays the top 10 ranked players:

FIGURE 2 - TABLE – Top 10 Ranked Golfers – Explanatory Variables
	RANK
	PLAYER
	$/EVENT
	DRIVING DISTANCE
	DRIVING ACCURACY
	APPROACH ACCURACY
	SCRAMBLING
	PUTTING

	1
	McIlroy, Rory
	502,997
	298.6
	56.61%
	396
	81
	1.7380

	2
	Woods, Tiger
	322,798
	287.8
	63.93%
	402
	88
	1.7610

	3
	Watson, Bubba
	244,474
	309.2
	58.84%
	432
	92
	1.7700

	4
	Snedeker, Brandt
	226,806
	280.8
	60.50%
	424
	77
	1.7250

	5
	Rose, Justin
	225,838
	283.3
	65.82%
	415
	78
	1.7800

	6
	Dufner, Jason
	221,332
	286.1
	66.90%
	395
	76
	1.7560

	7
	Donald, Luke
	206,590
	274.7
	65.16%
	415
	83
	1.7450

	8
	Westwood, Lee
	201,105
	289.2
	62.17%
	420
	97
	1.7700

	9
	Mickelson, Phil
	191,083
	288.5
	54.31%
	449
	82
	1.7470

	10
	Oosthuizen, Louis
	182,158
	291.3
	62.41%
	418
	97
	1.7560


Data for the top 100 players is found in Appendix B.
ANALYSIS:
· Histograms
Careful data analysis should begin with some inspection of the data.  Graphical displays of data often help illustrate characteristics that are not apparent in numerical statistical summaries.

The following graphs display the histograms for our 5 explanatory variables.  The histograms were constructed by dissecting the variable range into 20 equal-width intervals.  The vertical axis indicates frequency; the horizontal axis represents the values of the explanatory variable and spans its entire range. 
FIGURE 3 - GRAPHS – Histograms – Explanatory Variables
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All distributions reasonably resemble normal distributions.  The Putting distribution appears to have a slight negative skew, and the Driving Distance distribution appears to have a slight positive skew.  The following table displays the skewness (γ1) of the distributions of our 5 explanatory variables:
FIGURE 4 - TABLE – Skewness – Explanatory Variables
	VARIABLE
	SKEWNESS

	Driving Distance
	0.6998

	Driving Accuracy
	0.0471

	Approach Accuracy
	0.1878

	Scrambling
	0.3154

	Putting
	-0.1957


The skewnesses of the distributions of our explanatory variables are not significant enough to warrant transformation.  In other words, we believe that the statistics our analysis will rely on, such as mean and standard deviation, are effective summaries of our data. 
· Boxplots
Boxplots are a 5-number summary -- minimum, 1st quartile (lower hinge, Hl), median (M), 3rd quartile (upper hinge, Hu) and maximum.  The following table and graphs display the boxplots for our 5 explanatory variables.  Note that I have not considered any of the data points to be outliers.

FIGURE 5 - TABLE – Boxplots – Explanatory Variables
	STATISTIC
	DRIVING DISTANCE
	DRIVING ACCURACY
	APPROACH ACCURACY
	SCRAMBLING
	PUTTING

	Maximum
	309.2
	71.60%
	472.00
	104.00
	1.8090

	3rd Quartile
	287.9
	64.51%
	438.50
	92.00
	1.7870

	Median
	284.4
	61.61%
	424.00
	88.00
	1.7715

	1st Quartile
	280.1
	58.89%
	416.75
	83.00
	1.7530

	Minimum
	272.3
	52.48%
	385.00
	76.00
	1.7180


FIGURE 6 - GRAPH – Boxplots – Explanatory Variables
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Again, although not perfect, our distributions appear sufficiently similar to normal distributions, therefore we see no pressing need for data transformation processes.
· Identifying Possible Outliers
We can identify possible outliers by determining which data points lie outside certain markers called fences.  For this analysis, we define our fences as:

upper outer fence = Hu + 3.0 x (Hu – Hl)
lower outer fence = Hl - 3.0 x (Hu – Hl)

upper inner fence = Hu + 1.5 x (Hu – Hl)

lower inner fence = Hl - 1.5 x (Hu – Hl)

Following these markers, we have no data points outside the outer fences, and only 4 data points outside the inner fences.  Those 4 data points are: Bubba Watson (Driving Distance: 309.2 yards), Dustin Johnson (Driving Distance: 301.8 yards), J.B. Holmes (Driving Distance: 300.6 yards), Henrik Stenson (Approach Accuracy:  472 inches).

We do not believe these 4 data points will have undue influence over our analysis; therefore we will not remove or make any adjustments for them. 

· Scatterplots
Bivariate scatterplots graphically display the relationship between two variables.  The following scatterplots display the relationship between each explanatory variable and our response variable.  The vertical axis indicates Winnings in thousands of dollars per event; the horizontal axis indicates the explanatory variable in their respective measuring units.  A linear trendline, and squared correlation coefficients (R2) for each relationship are also displayed.

FIGURE 7 - GRAPH – Scatterplots – Explanatory Variables
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Driving Distance and Driving Accuracy exhibit a positive correlation to Winnings.  Approach Accuracy, Scrambling and Putting exhibit a negative correlation.  This all makes intuitive sense.  The further and more accurate you drive the ball, the better; and, the closer your approach and scramble shots are to the hole, and the fewer putts you take, the better.
All explanatory variables seem to exhibit meaningful relationships to our response variable, except perhaps Driving Accuracy where R2 = 0.0062.  Because of this, we will also examine a model that does not include Driving Accuracy.
· Collinearity
Strong inter-relationships among explanatory variables can cause trouble in a regression analysis.    Therefore, we will review the inter-relationships between our explanatory variables to see if any potential adjustments are appropriate.  
The following table displays R for each inter-relationship:
FIGURE 8 - TABLE – Collinearity – Explanatory Variables
	VARIABLE
	DRIVING DISTANCE
	DRIVING ACCURACY
	APPROACH ACCURACY
	SCRAMBLING
	PUTTING

	Driving Distance
	1.0000
	-0.5642
	0.0517
	0.1710
	0.0753

	Driving Accuracy
	-0.5642
	1.0000
	-0.3587
	0.0065
	-0.0209

	Approach Accuracy
	0.0517
	-0.3587
	1.0000
	0.2052
	0.1784

	Scrambling
	0.1710
	0.0065
	0.2052
	1.0000
	0.3685

	Putting
	0.0753
	-0.0209
	0.1784
	0.3685
	1.0000


The most worrisome inter-relationship is between Driving Distance and Driving Accuracy, which has a strong negative correlation -- R = -0.5642.  This also makes intuitive sense.  Anyone who has played golf understands that there exists a tradeoff between driving distance and driving accuracy.  When you want to hit a big drive you make a much faster, more aggressive swing, which almost always means sacrificing accuracy.  The strength of this inter-relationship, and the fact that Driving Accuracy exhibited the weakest relationship with Winnings, suggests that it may be a good idea to examine a 4-variable model, where Driving Accuracy is not included.

While there exists other potentially troublesome inter-relationships in our set of explanatory variables, we will not pursue any further adjustments beyond including in our analysis a model without Driving Accuracy.  According to John Fox, “Methods that are commonly employed as cures for collinearity can easily be worse than the disease.” 
· Dummy Variables
This analysis will not require any Dummy Variables to help incorporate qualitative explanatory variables into our analysis.  If our Winnings also included money from the LPGA Tour, or even from the European PGA Tour or Canadian PGA Tour, Dummy Variables would be appropriate for an effective analysis.

· 5-Variable Model 
The 5-variable model for our regression analysis is:
Y 
= 
α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + ε 
Where:

Y 
= 
Winnings
α 
= 
Intercept
X1 
= 
Driving Distance

X2 
= 
Driving Accuracy

X3 
= 
Approach Accuracy

X4 
= 
Scrambling

X5 
= 
Putting

ε 
= 
Residual / Error

And:

βk 
= 
Slope Coefficients for Explanatory Variable k 
The Regression Analysis Tool in Excel will help us examine this model.  
The following table displays the Excel Regression Analysis output:
FIGURE 9 - TABLE – Regression Analysis Output – 5-Variable Model

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	SUMMARY OUTPUT
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	Regression Statistics
	
	
	
	
	
	 

	 
	Multiple R
	0.6630
	
	
	
	
	
	 

	 
	R Square
	0.4396
	
	
	
	
	
	 

	 
	Adjusted R Square
	0.4098
	
	
	
	
	
	 

	 
	Standard Error
	55.0574
	
	
	
	
	
	 

	 
	Observations
	100
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	ANOVA
	
	
	
	
	
	
	 

	 
	 
	df
	SS
	MS
	F
	Significance F
	
	 

	 
	Regression
	5
	223,520.58
	44,704.12
	14.7474
	1.156E-10
	
	 

	 
	Residual
	94
	284,943.67
	3,031.32
	
	
	
	 

	 
	Total
	99
	508,464.24
	 
	 
	 
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	 

	 
	Intercept
	653.5097
	607.0063
	1.076611
	0.284409
	-551.7156
	1858.7349
	 

	 
	Driving Distance
	5.4287
	1.0273
	5.284375
	0.000001
	3.3890
	7.4685
	 

	 
	Driving Accuracy
	457.5865
	174.9726
	2.615189
	0.010388
	110.1742
	804.9988
	 

	 
	Approach Accuracy
	-1.1078
	0.3720
	-2.978054
	0.003690
	-1.8464
	-0.3692
	 

	 
	Scrambling
	-1.8445
	0.9919
	-1.859590
	0.066071
	-3.8139
	0.1249
	 

	 
	Putting
	-986.5615
	277.2928
	-3.557833
	0.000588
	-1537.1330
	-435.9901
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


The regression model is:

Y = 653.51 + 5.43X1 + 457.59X2 - 1.11X3 - 1.84X4 – 986.56X5 + ε 
The signs of the coefficients confirm our earlier intuition, that the further and more accurate you drive the ball, the more money you win; and, the closer your approach and scramble shots are to the hole, and the fewer putts you take, the more money you win.

Standard Error (Sε) = 55.0574.  Note that:
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R2 = 0.4396.  Note that:
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Where Total Sum of Squares (TSS) is defined as:
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And Regression Sum of Squares (RegSS) is defined as:
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 represents the response variable value predicted by our model.

Therefore:
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This indicates that 43.96% of the variation of Y is explained via our explanatory variables.  Not a very strong model, but meaningful, nonetheless.

One note of concern is the relatively high p-value of the Scrambling coefficient: 0.066071.  This statistic is the p‑value for the test of 
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.  Therefore, we cannot reject the null hypothesis for the Scrambling coefficient at a 0.05 significance level.  Because of this, it may be worth considering a model without the Scrambling explanatory variable.  
· 4-Variable Model 
For reasons mentioned above, we will also examine a regression model where Driving Accuracy is not included in our analysis.

The 4-variable model for our regression analysis is:

Y = α + β1X1 + β3X3 + β4X4 + β5X5 + ε 
The following table displays the Excel Regression Analysis output:

FIGURE 10 - TABLE – Regression Analysis Output – 4-Variable Model

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	SUMMARY OUTPUT
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	Regression Statistics
	
	
	
	
	
	 


	 
	Multiple R
	0.6315
	
	
	
	
	
	 

	 
	R Square
	0.3988
	
	
	
	
	
	 

	 
	Adjusted R Square
	0.3735
	
	
	
	
	
	 

	 
	Standard Error
	56.7242
	
	
	
	
	
	 

	 
	Observations
	100
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	ANOVA
	
	
	
	
	
	
	 

	 
	 
	df
	SS
	MS
	F
	Significance F
	
	 

	 
	Regression
	4
	202,788.77
	50,697.19
	15.7560
	6.343E-10
	
	 

	 
	Residual
	95
	305,675.48
	3,217.64
	
	
	
	 

	 
	Total
	99
	508,464.24
	 
	 
	 
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	 

	 
	Intercept
	1496.5724
	529.8989
	2.824260
	0.005775
	444.5901
	2548.5546
	 

	 
	Driving Distance
	3.7880
	0.8381
	4.519620
	0.000018
	2.1241
	5.4520
	 

	 
	Approach Accuracy
	-1.5336
	0.3446
	-4.450608
	0.000023
	-2.2177
	-0.8495
	 

	 
	Scrambling
	-1.3077
	0.9998
	-1.307949
	0.194047
	-3.2925
	0.6772
	 

	 
	Putting
	-963.7365
	285.5462
	-3.375063
	0.001070
	-1530.6173
	-396.8556
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


The regression model is:

Y = 1,496.57 + 3.79X1 - 1.53X3 - 1.31X4 – 963.74X5 + ε
Sε = 56.7242.  R2 = 0.3988.  Again, the p-value for Scrambling (0.1940) is quite high, and we cannot reject the null hypothesis at a 0.05 significance level.  We will also examine a model that does not include this explanatory variable.  
· 3-Variable Model
The explanatory variable coefficient with the highest p-value in the 5-variable and 4-variable models was Scrambling.  Therefore, we will also examine a 3-variable model that does not include both Driving Accuracy and Scrambling.
The 3-variable model for our regression analysis is:

Y = α + β1X1 + β3X3 + β5X5 + ε 
The following table displays the Excel Regression Analysis output:

FIGURE 11 - TABLE – Regression Analysis Output – 3-Variable Model

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	SUMMARY OUTPUT
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	Regression Statistics
	
	
	
	
	
	 

	 
	Multiple R
	0.6229
	
	
	
	
	
	 

	 
	R Square
	0.3880
	
	
	
	
	
	 

	 
	Adjusted R Square
	0.3689
	
	
	
	
	
	 

	 
	Standard Error
	56.9338
	
	
	
	
	
	 

	 
	Observations
	100
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	ANOVA
	
	
	
	
	
	
	 

	 
	 
	df
	SS
	MS
	F
	Significance F
	
	 

	 
	Regression
	3
	197,284.26
	65,761.42
	20.2876
	2.896E-10
	
	 

	 
	Residual
	96
	311,179.98
	3,241.46
	
	
	
	 

	 
	Total
	99
	508,464.24
	 
	 
	 
	
	 

	 
	
	
	
	
	
	
	
	 

	 
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	 

	 
	Intercept
	1680.7808
	512.7276
	3.278117
	0.001456
	663.0246
	2698.5370
	 

	 
	Driving Distance
	3.6231
	0.8317
	4.356515
	0.000033
	1.9723
	5.2739
	 

	 
	Approach Accuracy
	-1.6005
	0.3420
	-4.679360
	0.000009
	-2.2794
	-0.9216
	 

	 
	Putting
	-1090.3178
	269.6384
	-4.043630
	0.000106
	-1625.5458
	-555.0899
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


The regression model is:

Y = 1,680.78 + 3.62X1 - 1.60X3 – 1,090.32X5 + ε 
Sε = 56.9338.  R2 = 0.3880.  Note that the p-values indicate that we can reject the null hypothesis for the coefficient of all 3 explanatory variables at a 0.01 significance level.  
· Model Comparison
The following table summarizes key statistics of our 3 examined models:
FIGURE 12 - TABLE – Statistical Summary of Models – Ř2, SE, F 

	MODEL
	Ř2
	SE
	F

	5-Variable
	0.4098
	55.0574
	14.7474

	4-Variable
	0.3735
	56.7242
	15.7560

	3-Variable
	0.3689
	56.9338
	20.2876


Because R2 always rises with additional explanatory variables, when comparing models with different numbers of explanatory variables, it is prudent to use the adjusted-R2 (Ř2), which includes a penalty for degrees of freedom.
Note that:
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Where Residual Sum of Squares (RSS) is defined as:
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The F statistic gives the overall F-test for the test of 
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at least one of βk does not equal zero.  Note that for all 3 models, we reject this null hypothesis at well-beyond the 0.01 significance level.  Also, note that:
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One other comparison: only the 3-variable model produced p-values which allowed us to reject the null hypothesis for the coefficient of every explanatory variable at a 0.01 significance level.

The principle of parsimony suggests that, when creating mathematical models, you should have an inherent preference for simpler models, and therefore you should only prefer the more complex model when the additional complexity adds significantly to the effectiveness of the model.  Therefore, while the 5-variable model produces the better Ř2, the 3-variable model has its strengths, and is arguably the more efficient model.
In addition, the 3-variable model also makes some intuitive sense with respect to 3 key facets of the game of golf.  The key talents for the game of golf can easily be described as Power (X1), Accuracy (X3), and Putting (X5).  Perhaps our additional explanatory variables do not add sufficiently to the effectiveness of our model, and our best model is the simpler 3-variable model.
· Comparison of Explanatory Variable Coefficients
It is often difficult to compare the coefficients of different explanatory variables because the explanatory variables are not commensurable -- i.e. they are not measured in the same units or on the same scale.

We can glean some information regarding the relative effect of each explanatory variable by examining the model coefficients and translating the results into more intuitively understandable terms.  
Looking at the 3-variable model:

- an extra 10 yards on every tee shot produces $36,000 in additional per event winnings
- every approach shot ending up 2 feet closer produces $38,000 in additional per event winnings  

- making one extra key putt per round produces $61,000 in additional per event winnings
Note that making one extra key putt per round -- lowering your Putting Average by 1/18 putts per hole ‑‑ increases your winnings significantly compared to driving the ball 10 yards further on every hole.
Standardized regression coefficients also allow a limited assessment of the relative effects of non-commensurable explanatory variables.  Standardized regression coefficients display the average change in the response variable, in units of standard deviation, for a one standard deviation increase in the explanatory variable, holding the other explanatory variables constant.

Standardized regression coefficients are defined as:
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Where Sample Standard Deviation of x (Sx) is defined as:
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The following table displays the standardized coefficients for the 3-variable model:
FIGURE 13 - TABLE – Standardized Coefficients 

	VARIABLE
	B*

	Driving Distance
	0.3491

	Approach Accuracy
	-0.3800

	Putting
	-0.3289


Not much of a significant difference to be had here.
At the PGA Tour level, every aspect of the game is very competitive, and players, whose livelihoods depend upon their success, will spend most of their time developing and practicing the skills most likely to result in greater paydays.  Therefore, it makes sense that an increase in all explanatory variables, when measured in units of standard deviation, produces roughly the same increase in winnings.  In other words, if an easily-achievable, slight improvement in one skill produced a significant payoff, tour players would devote more practice time to this skill, and eventually this relatively easier opportunity for greater payoffs would disappear. 
CONCLUSION & SUMMARY:
Our 5-variable model is:
Y = 653.51 + 5.43X1 + 457.59X2 - 1.11X3 - 1.84X4 – 986.56X5 + ε 
Our 3-variable model is:

Y = 1,680.78 + 3.62X1 - 1.60X3 – 1,090.32X5 + ε 
The 5-variable model had the greater Ř2, but the 3-variable model performed comparably.  Following the principle of parsimony, we currently prefer the simpler 3-variable model.

The 3-variable model also intuitively fits with what could be deemed to be the 3 fundamental skills of golf: power, accuracy, and putting.  Relatedly, our 3-variable model exhibits less collinearity than our 5-variable model.

Another method of improving our regression analysis besides adding more explanatory variables, would be more effort spent determining which statistics, among the many available on the pgatour.com website, were most effective as proxies.

Comparing the relative effects of each explanatory variable is difficult because our explanatory variables are not commensurable.  Plus, examining standardized coefficients did not provide much information with respect to determining which facets of the game of golf are most important.
However, from our analysis, we were able to approximate that increasing every drive by 10 yards would increase per event winnings by about $36,000; whereas, making one extra key putt per round would increase per event winnings by about $61,000.  This appears to suggest that more is riding on each putt than on adding yards to your driving distance; which lends credence to the old golf adage: drive for show, putt for dough!


APPENDIX A:  Top 100 Ranked Golfers -- Average Per Event Winnings -- 2012 
	RANK
	PLAYER
	TOTAL $
	EVENTS
	$/EVENT
	
	RANK
	PLAYER
	TOTAL $
	EVENTS
	$/EVENT

	1
	McIlroy, Rory
	8,047,952
	16
	502,997
	
	51
	Pride, Dicky
	1,259,712
	19
	66,301

	2
	Woods, Tiger
	6,133,158
	19
	322,798
	
	52
	de Jonge, Brendon
	2,015,252
	31
	65,008

	3
	Watson, Bubba
	4,644,997
	19
	244,474
	
	53
	Cauley, Bud
	1,774,479
	28
	63,374

	4
	Snedeker, Brandt
	4,989,739
	22
	226,806
	
	54
	Ogilvy, Geoff
	1,255,223
	20
	62,761

	5
	Rose, Justin
	4,290,930
	19
	225,838
	
	55
	Palmer, Ryan
	1,501,215
	24
	62,551

	6
	Dufner, Jason
	4,869,304
	22
	221,332
	
	56
	Beljan, Charlie
	1,373,528
	22
	62,433

	7
	Donald, Luke
	3,512,024
	17
	206,590
	
	57
	Stadler, Kevin
	1,546,036
	25
	61,841

	8
	Westwood, Lee
	3,016,569
	15
	201,105
	
	58
	Singh, Vijay
	1,586,305
	27
	58,752

	9
	Mickelson, Phil
	4,203,821
	22
	191,083
	
	59
	Walker, Jimmy
	1,638,419
	28
	58,515

	10
	Oosthuizen, Louis
	3,460,995
	19
	182,158
	
	60
	Noh, Seung-Yul
	1,629,751
	28
	58,205

	11
	Scott, Adam
	2,899,557
	16
	181,222
	
	61
	Rollins, John
	1,489,155
	26
	57,275

	12
	Johnson, Zach
	4,504,244
	25
	180,170
	
	62
	Thompson, Michael
	1,408,374
	25
	56,335

	13
	Stricker, Steve
	3,420,021
	19
	180,001
	
	63
	Jacobson, Fredrik
	953,494
	17
	56,088

	14
	Johnson, Dustin
	3,393,820
	19
	178,622
	
	64
	Potter, Jr., Ted
	1,383,170
	25
	55,327

	15
	Kuchar, Matt
	3,903,065
	22
	177,412
	
	65
	Baddeley, Aaron
	1,215,753
	22
	55,262

	16
	Mahan, Hunter
	4,019,193
	23
	174,748
	
	66
	Overton, Jeff
	1,563,670
	29
	53,920

	17
	Els, Ernie
	3,453,118
	22
	156,960
	
	67
	Gillis, Tom
	1,238,058
	23
	53,829

	18
	Garcia, Sergio
	2,510,116
	16
	156,882
	
	68
	Points, D.A.
	1,533,361
	29
	52,875

	19
	Bradley, Keegan
	3,910,658
	25
	156,426
	
	69
	Stenson, Henrik
	791,107
	15
	52,740

	20
	Simpson, Webb
	3,436,758
	22
	156,216
	
	70
	Duke, Ken
	1,511,628
	30
	50,388

	21
	Furyk, Jim
	3,623,805
	24
	150,992
	
	71
	Love III, Davis
	989,753
	20
	49,488

	22
	McDowell, Graeme
	2,408,279
	16
	150,517
	
	72
	Levin, Spencer
	1,283,616
	26
	49,370

	23
	Pettersson, Carl
	3,538,656
	26
	136,102
	
	73
	Ishikawa, Ryo
	871,051
	18
	48,392

	24
	Fowler, Rickie
	3,066,293
	23
	133,317
	
	74
	O'Hair, Sean
	1,160,981
	24
	48,374

	25
	Curtis, Ben
	2,494,153
	19
	131,271
	
	75
	Gainey, Tommy
	1,540,749
	32
	48,148

	26
	Van Pelt, Bo
	3,043,509
	24
	126,813
	
	76
	Stallings, Scott
	1,293,739
	27
	47,916

	27
	Garrigus, Robert
	3,206,530
	26
	123,328
	
	77
	Hoffman, Charley
	1,276,663
	27
	47,284

	28
	Moore, Ryan
	2,858,944
	24
	119,123
	
	78
	Holmes, J.B.
	1,179,505
	25
	47,180

	29
	Watney, Nick
	3,044,224
	26
	117,086
	
	79
	Tringale, Cameron
	1,225,737
	26
	47,144

	30
	Poulter, Ian
	1,715,271
	15
	114,351
	
	80
	Chalmers, Greg
	1,166,627
	25
	46,665

	31
	Blixt, Jonas
	2,255,695
	21
	107,414
	
	81
	Molder, Bryce
	1,166,115
	25
	46,645

	32
	Haas, Bill
	2,349,951
	23
	102,172
	
	82
	Bae, Sang-Moon
	1,165,952
	25
	46,638

	33
	Laird, Martin
	2,172,883
	22
	98,767
	
	83
	Henry, J.J.
	1,297,802
	28
	46,350

	34
	Piercy, Scott
	2,699,205
	28
	96,400
	
	84
	Perez, Pat
	1,064,053
	23
	46,263

	35
	Huh, John
	2,692,113
	28
	96,147
	
	85
	Choi, K.J.
	969,057
	21
	46,146

	36
	Toms, David
	1,658,428
	19
	87,286
	
	86
	Mallinger, John
	1,146,852
	25
	45,874

	37
	Senden, John
	1,916,651
	22
	87,121
	
	87
	DeLaet, Graham
	1,051,951
	23
	45,737

	38
	Stanley, Kyle
	2,351,857
	27
	87,106
	
	88
	Davis, Brian
	1,318,032
	29
	45,449

	39
	Harrington, Padraig
	1,546,272
	18
	85,904
	
	89
	McNeill, George
	1,119,535
	25
	44,781

	40
	Wilson, Mark
	2,144,780
	25
	85,791
	
	90
	Kirk, Chris
	1,197,562
	27
	44,354

	41
	Leishman, Marc
	1,933,761
	23
	84,077
	
	91
	Howell III, Charles
	1,284,578
	29
	44,296

	42
	Wagner, Johnson
	2,225,007
	27
	82,408
	
	92
	Romero, Andres
	970,919
	22
	44,133

	43
	Na, Kevin
	2,029,943
	25
	81,198
	
	93
	English, Harris
	1,186,003
	27
	43,926

	44
	Every, Matt
	1,972,166
	25
	78,887
	
	94
	Estes, Bob
	1,009,769
	23
	43,903

	45
	Byrd, Jonathan
	1,616,789
	21
	76,990
	
	95
	Summerhays, Daniel
	1,111,522
	26
	42,751

	46
	Crane, Ben
	1,701,365
	23
	73,972
	
	96
	Owen, Greg
	1,151,622
	27
	42,653

	47
	Wi, Charlie
	1,845,397
	25
	73,816
	
	97
	Merrick, John
	1,084,628
	26
	41,716

	48
	Schwartzel, Charl
	1,138,844
	16
	71,178
	
	98
	McGirt, William
	1,228,947
	30
	40,965

	49
	Clark, Tim
	1,407,028
	20
	70,351
	
	99
	Sabbatini, Rory
	1,128,820
	29
	38,925

	50
	Day, Jason
	1,143,233
	17
	67,249
	
	100
	Adams, Blake
	1,234,345
	32
	38,573


APPENDIX B: Top 100 Ranked Golfers -- Explanatory Variable Data -- 2012  [1/2]  
	RANK
	PLAYER
	WINNINGS
	DRIVING DISTANCE
	DRIVING ACCURACY
	APPROACH ACCURACY
	SCRAMBLING
	PUTTING

	1
	McIlroy, Rory
	502,997
	298.6
	56.61%
	396
	81
	1.738

	2
	Woods, Tiger
	322,798
	287.8
	63.93%
	402
	88
	1.761

	3
	Watson, Bubba
	244,474
	309.2
	58.84%
	432
	92
	1.770

	4
	Snedeker, Brandt
	226,806
	280.8
	60.50%
	424
	77
	1.725

	5
	Rose, Justin
	225,838
	283.3
	65.82%
	415
	78
	1.780

	6
	Dufner, Jason
	221,332
	286.1
	66.90%
	395
	76
	1.756

	7
	Donald, Luke
	206,590
	274.7
	65.16%
	415
	83
	1.745

	8
	Westwood, Lee
	201,105
	289.2
	62.17%
	420
	97
	1.770

	9
	Mickelson, Phil
	191,083
	288.5
	54.31%
	449
	82
	1.747

	10
	Oosthuizen, Louis
	182,158
	291.3
	62.41%
	418
	97
	1.756

	11
	Scott, Adam
	181,222
	295.3
	59.61%
	426
	87
	1.786

	12
	Johnson, Zach
	180,170
	276.4
	68.53%
	420
	85
	1.726

	13
	Stricker, Steve
	180,001
	285.1
	63.31%
	385
	82
	1.747

	14
	Johnson, Dustin
	178,622
	301.8
	56.30%
	406
	84
	1.762

	15
	Kuchar, Matt
	177,412
	280.0
	65.06%
	410
	81
	1.752

	16
	Mahan, Hunter
	174,748
	284.8
	67.74%
	424
	103
	1.786

	17
	Els, Ernie
	156,960
	285.7
	56.71%
	428
	86
	1.797

	18
	Garcia, Sergio
	156,882
	285.3
	61.15%
	441
	86
	1.762

	19
	Bradley, Keegan
	156,426
	294.3
	61.65%
	421
	92
	1.758

	20
	Simpson, Webb
	156,216
	285.8
	61.47%
	424
	79
	1.735

	21
	Furyk, Jim
	150,992
	275.9
	70.71%
	394
	77
	1.774

	22
	McDowell, Graeme
	150,517
	280.0
	70.11%
	396
	88
	1.739

	23
	Pettersson, Carl
	136,102
	288.2
	57.63%
	421
	86
	1.740

	24
	Fowler, Rickie
	133,317
	287.3
	64.43%
	423
	86
	1.773

	25
	Curtis, Ben
	131,271
	274.8
	69.70%
	408
	91
	1.762

	26
	Van Pelt, Bo
	126,813
	287.8
	64.79%
	405
	88
	1.738

	27
	Garrigus, Robert
	123,328
	296.7
	56.58%
	410
	97
	1.784

	28
	Moore, Ryan
	119,123
	280.0
	65.75%
	414
	96
	1.742

	29
	Watney, Nick
	117,086
	288.6
	58.86%
	416
	92
	1.777

	30
	Poulter, Ian
	114,351
	280.9
	65.13%
	427
	91
	1.765

	31
	Blixt, Jonas
	107,414
	281.3
	58.90%
	428
	79
	1.718

	32
	Haas, Bill
	102,172
	288.7
	63.62%
	463
	87
	1.802

	33
	Laird, Martin
	98,767
	293.5
	59.16%
	465
	100
	1.775

	34
	Piercy, Scott
	96,400
	295.0
	56.06%
	424
	86
	1.747

	35
	Huh, John
	96,147
	281.0
	68.69%
	437
	89
	1.769

	36
	Toms, David
	87,286
	274.9
	69.75%
	414
	82
	1.780

	37
	Senden, John
	87,121
	286.0
	65.93%
	447
	96
	1.769

	38
	Stanley, Kyle
	87,106
	294.5
	59.49%
	415
	88
	1.793

	39
	Harrington, Padraig
	85,904
	281.2
	59.86%
	421
	78
	1.749

	40
	Wilson, Mark
	85,791
	273.0
	68.62%
	427
	88
	1.800

	41
	Leishman, Marc
	84,077
	282.2
	55.20%
	449
	85
	1.804

	42
	Wagner, Johnson
	82,408
	280.8
	62.32%
	436
	101
	1.787

	43
	Na, Kevin
	81,198
	277.3
	65.91%
	433
	83
	1.753

	44
	Every, Matt
	78,887
	281.0
	60.89%
	414
	84
	1.757

	45
	Byrd, Jonathan
	76,990
	285.4
	57.88%
	444
	84
	1.784

	46
	Crane, Ben
	73,972
	283.0
	64.36%
	444
	88
	1.740

	47
	Wi, Charlie
	73,816
	277.0
	61.65%
	432
	82
	1.753

	48
	Schwartzel, Charl
	71,178
	285.5
	61.41%
	404
	78
	1.780

	49
	Clark, Tim
	70,351
	275.2
	71.60%
	398
	89
	1.790

	50
	Day, Jason
	67,249
	292.7
	52.48%
	441
	83
	1.756


APPENDIX B: Top 100 Ranked Golfers -- Explanatory Variable Data -- 2012  [2/2]  
	RANK
	PLAYER
	WINNINGS
	DRIVING DISTANCE
	DRIVING ACCURACY
	APPROACH ACCURACY
	SCRAMBLING
	PUTTING

	51
	Pride, Dicky
	66,301
	275.6
	61.38%
	423
	94
	1.769

	52
	de Jonge, Brendon
	65,008
	280.1
	63.42%
	413
	90
	1.764

	53
	Cauley, Bud
	63,374
	285.4
	60.33%
	417
	80
	1.778

	54
	Ogilvy, Geoff
	62,761
	283.0
	62.01%
	422
	87
	1.784

	55
	Palmer, Ryan
	62,551
	293.3
	57.95%
	425
	93
	1.753

	56
	Beljan, Charlie
	62,433
	296.8
	58.19%
	408
	103
	1.801

	57
	Stadler, Kevin
	61,841
	283.6
	65.09%
	413
	98
	1.792

	58
	Singh, Vijay
	58,752
	287.4
	61.62%
	418
	89
	1.787

	59
	Walker, Jimmy
	58,515
	284.7
	52.74%
	455
	89
	1.760

	60
	Noh, Seung-Yul
	58,205
	290.0
	59.34%
	443
	87
	1.780

	61
	Rollins, John
	57,275
	286.7
	64.25%
	445
	89
	1.788

	62
	Thompson, Michael
	56,335
	276.0
	59.43%
	421
	91
	1.774

	63
	Jacobson, Fredrik
	56,088
	283.2
	57.98%
	427
	80
	1.792

	64
	Potter, Jr., Ted
	55,327
	278.5
	64.18%
	440
	89
	1.793

	65
	Baddeley, Aaron
	55,262
	288.7
	54.30%
	459
	83
	1.744

	66
	Overton, Jeff
	53,920
	286.6
	61.91%
	435
	88
	1.745

	67
	Gillis, Tom
	53,829
	281.4
	66.09%
	444
	86
	1.754

	68
	Points, D.A.
	52,875
	280.4
	64.66%
	428
	93
	1.791

	69
	Stenson, Henrik
	52,740
	281.5
	64.13%
	472
	94
	1.805

	70
	Duke, Ken
	50,388
	275.1
	65.69%
	422
	90
	1.748

	71
	Love III, Davis
	49,488
	286.8
	59.11%
	411
	83
	1.764

	72
	Levin, Spencer
	49,370
	279.4
	57.30%
	461
	90
	1.755

	73
	Ishikawa, Ryo
	48,392
	284.7
	53.28%
	431
	92
	1.804

	74
	O'Hair, Sean
	48,374
	290.7
	59.98%
	437
	94
	1.785

	75
	Gainey, Tommy
	48,148
	286.9
	55.63%
	427
	95
	1.750

	76
	Stallings, Scott
	47,916
	293.1
	58.10%
	431
	91
	1.809

	77
	Hoffman, Charley
	47,284
	287.5
	62.23%
	438
	95
	1.786

	78
	Holmes, J.B.
	47,180
	300.6
	54.40%
	443
	87
	1.775

	79
	Tringale, Cameron
	47,144
	283.0
	64.41%
	446
	87
	1.807

	80
	Chalmers, Greg
	46,665
	274.6
	62.00%
	451
	80
	1.733

	81
	Molder, Bryce
	46,645
	273.0
	61.59%
	420
	88
	1.772

	82
	Bae, Sang-Moon
	46,638
	282.7
	58.08%
	453
	99
	1.749

	83
	Henry, J.J.
	46,350
	279.1
	63.18%
	424
	91
	1.809

	84
	Perez, Pat
	46,263
	283.2
	62.33%
	433
	81
	1.769

	85
	Choi, K.J.
	46,146
	280.2
	64.08%
	430
	86
	1.785

	86
	Mallinger, John
	45,874
	272.3
	67.93%
	409
	86
	1.791

	87
	DeLaet, Graham
	45,737
	289.7
	60.36%
	420
	91
	1.795

	88
	Davis, Brian
	45,449
	274.1
	67.24%
	422
	82
	1.746

	89
	McNeill, George
	44,781
	279.2
	61.14%
	446
	91
	1.790

	90
	Kirk, Chris
	44,354
	284.0
	59.70%
	422
	89
	1.771

	91
	Howell III, Charles
	44,296
	287.6
	54.60%
	446
	84
	1.793

	92
	Romero, Andres
	44,133
	285.5
	54.90%
	457
	91
	1.795

	93
	English, Harris
	43,926
	288.5
	59.47%
	443
	96
	1.781

	94
	Estes, Bob
	43,903
	275.1
	60.72%
	421
	83
	1.758

	95
	Summerhays, Daniel
	42,751
	283.0
	61.93%
	436
	92
	1.783

	96
	Owen, Greg
	42,653
	285.2
	60.16%
	422
	92
	1.792

	97
	Merrick, John
	41,716
	283.7
	64.46%
	422
	98
	1.803

	98
	McGirt, William
	40,965
	278.6
	60.58%
	421
	92
	1.775

	99
	Sabbatini, Rory
	38,925
	284.9
	61.04%
	432
	82
	1.770

	100
	Adams, Blake
	38,573
	280.5
	65.83%
	438
	104
	1.781
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