
Introduction/Recognition and Statement of the Problem

The sport of golf is one that is enjoyed by people with various skill levels.  There are recreational players that participate so that they may enjoy themselves on a beautiful day.  In contrast, other players are more competitive and constantly strive to improve their play and increase their skill set.  Nevertheless, players of all types welcome advice that might improve their play.  A decision that some players contemplate is whether or not a chip shot or a putt is appropriate when the ball lands off the green.  The issue of chipping versus putting may be resolved by determining which factors most influence the distance that the ball travels.  Therefore, the goal of the experiment is to determine whether a chip shot or a putt is better at moving the ball closer to the hole, after an approach shot lands off the green.  

Choice of Factors, Levels, and Range

There are numerous factors that may or may not affect the choice to putt or chip.    The following table is a list of the factors that have been chosen for this experiment, the levels of each factor, and the range. 

	Factor
	Process
	Degree of
	 Low
	High

	
	or Noise
	Influence
	Level
	Level

	Lie of Ball
	Process
	High
	Sitting Up
	Sitting Down

	Club Type
	Process
	High
	Putter
	Wedge

	Player
	
	
	High
	Low 

	Ability
	Process
	High
	Handicap
	Handicap

	Distance
	
	
	
	

	From Pin
	Process
	High
	15 feet
	60 feet

	Ball
	
	
	
	

	Position
	Process
	High
	Apron
	Rough

	Ground
	
	
	
	

	Slope
	Process
	High
	Downhill
	Uphill

	Green
	
	
	
	

	Speed
	Process
	High
	Slow
	Fast

	Time of
	
	
	Early
	Late

	Day
	Noise
	Medium
	Morning
	Afternoon


The degree of influence listed in the table for the factors were determined using a best guess method regarding the amount of influence towards the objective.  All of these factors are controllable except for green speed, however, this can be controlled by choosing courses for the experiment that possess the levels of the factor that are needed.  The other factors that have been identified as possible influences are condition of club, weather, ambient temperature, type of ball, and condition of ball.  These factors are not being explored in this experiment due to time and financial constraints.  Since these factors are not being varied in this experiment, the ball type that will be used is a new Surlyn ball.  The same ball type will be used for the entire experiment, since the runs consist of either putts or chip shots at distances of 15 feet or 60 feet.  It will be assumed that the condition of the ball under these conditions will not vary greatly from its new condition at the onset of the experiment.  These factors constitute the screening experiment that will be performed, using a two level fractional factorial design with 8 factors and 16 runs (28-4IV), with 4 measurements at each run that will be averaged to represent 1 replicate.  Hence, the intention of this experiment is to gain a better understanding of which factors most influence the choice to chip or putt and which factors do not affect the decision.

Selection of the Response Variable

Since the objective of the experiment is to determine whether a chip shot or a putt is more effective at moving the ball closer to the hole, the response variable for this experiment is the distance from the ball to the hole.  The distance will be measured in inches, after the ball has been chipped or putted and has come to a stop.  The distance will be measured using a common tape measure and it will be assumed that the tape measure is reasonably accurate in its measurement ability.  It is also assumed that the tape measure has no appreciable deviation from expected measurements due to repeatability or reproducibility error.  The tape measure is believed to be stable and capable in its measurement ability.  

Test/Design Matrix
 The design was created in Design Expert 6.0.1 with randomized runs, see attached A.  The equipment used for this experiment was a generic 53( sand wedge, a generic perimeter weighted blade putter, and a Surlyn covered multi-layered ball.  The experiment was conducted at local golf courses with the rough measured at 1.25” in height and the apron was measured at 0.25” in height.

Statistical Analysis of the Data and Results

The 16 measurements for the response variable were entered into the design matrix in Design Expert 6.0.1 and analyzed.  From the ANOVA output (Appendix B and C), factor D (Distance From Pin) and the two-factor interactions AB (Lie of Ball + Club Type), AG (Lie of Ball + Ball Position), and BD (Club Type + Distance From Pin) are significant at the ( =0.05 level.  The values of R2 =0.9837 and the Adj. R2 =0.9186 show the model accounts for a high percentage of the variability and is relevant for this experiment.  However, the "Pred R-Squared" of 0.5371 is not as close to the "Adj R-Squared" of 0.9186 as would normally be expected.  This difference may be attributed to the 4 outliers shown in the Outlier T plot (Appendix D).    The Outlier T plot indicates that Standard Run Orders 3,5,11, and 13 may be possible outliers.  After examination of those runs, runs 3 and 5 had one measurement that was a hole-in-one, run 11 had one measurement that was much higher than the other three, and run 13 had two high measurements and two low measurements.  However, the Cook’s Distance was evaluated for the runs and there are no runs with a Cook’s Distance greater than one.  In addition,  the Adeq. Precision ratio of 10.924 indicates an adequate signal since it exceeds four.  Hence,  the model is valid and can be used to navigate the design space.

The normal probability plot of the residuals, residuals vs. predicted values, and residuals vs. runs, show no abnormalities (Appendix D).  The assumption of normally distributed errors is satisfied since the normal probability plot passes the “fat pencil” test.  The assumption of independent errors with a mean of 0 and constant variance is satisified since there are no obvious patterns in the residuals vs. predicted plot nor the residuals vs. runs plot.  Also, the assumption of constant variance is further confirmed by the residual plots vs. the factors (B through F and G) having equal vertical spread (Appendix D).    

Figure 1 shows factors A and G to have somewhat non-constant variance.  However, a closer look into the data shows that the tighter spread for both factors is influenced by the handicap level of the players.  In both cases, the tighter spread can be attributed to the low handicap player. The possibility of transforming the data was investigated using the Box-Cox Transformation feature in Design Expert, however, the diagnostic tool recommended that no transformation be performed.  Therefore, there is not a severe deviation from the assumption of constant variance and the model remains valid.   
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Figure 1
Therefore, the significant terms included in the model are factor D, the AB, AG, and BD interactions.  In order to have a hierarchical model, A, B, and G are included in the model as well.  The residual analysis and evaluation of the model adequacy confirm the ANOVA table output.  The empirical model using the coded factors that results is:

Distance from hole = 103.11 + 13.67 (Lie of Ball) + 7.265 (Type of Club) + 48.92 


(Distance from Hole) – 2.17 (Speed of Green)  + 17.45 (Lie 


of Ball * Type of Club) – 19.36 (Lie of Ball * Speed of Green) 

· 25.295 (Type of Club * Distance from Pin)

A.  Effect of ball lie, club type, and player ability

As mentioned in the introduction, the goal of the experiment is to determine whether a chip shot or a putt is better at moving the ball closer to the hole, after an approach shot lands off the green.  The cube plot below (figure 1) shows the average ball distance from the hole when just taking into account the lie of the ball (factor A), the club type (factor B), and the player ability (factor C), while holding the other factors constant.  
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Figure 1

Looking independently at each factor.  The effect of Factor A tends to increase the average distance from the hole by 27.34 inches when the ball is sitting down as opposed to when the ball is sitting up.  The effect of Factor B tends to increase the distance from the hole by 14.53 inches when a wedge strikes the ball as compared to a putter.  The effect of Factor C tends to show that a low handicap player tends to get the ball 29.78 inches closer to the hole than a high handicap player  (see Appendix B for the factor effect calculations).

B.  Distance Effect

The cube plots below (figures 2) show the average ball distance from the hole taking into account the high and low levels of Factors A, B, and C when the ball is 15 feet or 60 feet from the hole after the approach shot has landed off the green.
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Figure 2

In general, Factor D has the largest contribution, about 54%, on determining how close the next shot will be to the hole.  Which stands to reason, a player should have a greater change of getting the ball closer to the hole on the next shot if he is 15 feet away as compared to 60 feet away.  The table below (Table 1) gives club recommendations by player ability and lie of ball depending on distance from the hole.

	High Handicap

	Distance from Hole
	Lie of ball
	Club type

	15 feet
	Sitting up
	Putter

	15 feet
	Sitting down
	Putter

	60 feet
	Sitting up
	Wedge

	60 feet
	Sitting down
	Wedge/Putter


	Low Handicap

	Distance from Hole
	Lie of ball
	Club type

	15 feet
	Sitting up
	Putter

	15 feet
	Sitting down
	Putter

	60 feet
	Sitting up
	Wedge

	60 feet
	Sitting down
	Wedge/Putter


Table 1

C. ANOVA/Diagnostics/Model Graphs 

The ANOVA for this experiment is shown in Appendix C.  From the ANOVA factor D (distance from pin) and interactions AB (lie of ball + club type), AG (lie of ball + ball position), and BD (club type + distance from pin) are significant at the (=0.05 level.  The values of R2=0.9837 and the Adj R2=0.9186 show the model accounts for a high percentage of the variability and is relevant for this experiment.  However, the "Pred R-Squared" of 0.5371 is not as close to the "Adj R-Squared" of 0.9186 as would normally be expected.  This difference may be attributed to the 4 outliers shown in the Outlier T plot in Appendix D.    The
Adeq Precision ration of 10.924 indicates an adequate signal and that the model can be used to navigate the design space.

The normal probability plot, residual vs. predicted, and residual vs run show no abnormalities and are shown in Appendix D. 

The residual by factor plots are also included in Appendix D for all of the factors except for factors A and G.    Figure 3 shows both factors to have somewhat non-constant variance.  But, a closer look into the data shows that the tighter distributions in both factors is influenced by the handicap level of the players.  In both cases, the tighter distributions can be attributed to the low handicap player.  
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Figure 3

The AB interaction is shown in Figure 4.  The figure shows that at a distance of 15 feet (Factor D=-1) your best bet to getting the next shot close to the hole is to use a putter, regardless of whether the ball is sitting up on turf or imbedded.  The figure also shows that at a distance of 60 feet, and if your ball is sitting up, it is better to use a wedge to take your next shot.   If your ball is sitting down in either case your best option is to use a putter. 
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Figure 4

The AG interaction is shown in Figure 5.  The figure shows that at 15 feet the ball lie (i.e. either sitting up of sitting down) has no significant influence when you have a fast green.  But, on a slow greens effect of ball lie is much more influential.  At 60 feet, a player has a better chance at getting the ball closer to the hole when the ball is sitting up and when the green is slow.  A player has a better change of getting the ball closer to the hole, from 60 feet, when the ball is sitting down and the green is fast.  A more thorough investigation will need to be performed regarding this interaction, because there is rarely the opportunity to play on a golf course where you can chose the type of green depending on your distance from the hole and the lie of the ball.
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Figure 5

The BD interaction is shown in Figure 6.  From this graph the clear cut chose to get the ball as close as possible to the hole on your next shot is to 1) hit your approach shot close and 2) use your putter.
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Key Learnings

This experiment served as a good screening experiment where certain factors could be eliminated however, some key learnings did come of this experiment.  The first key learning was that experience had much to do with being able to interpret the results and being able to distinguish between different aliases and which ones had most of the effects on the model.  The second key learning is that, should another experiment such as this one be run, a plot of the dispersion effects would have been quite useful.  The third item is that with as many variables that were present, working with coded variables instead of the actual names of the variables took more time.  It was very time consuming to look at factor A and go back to the list to find out what it was.  When it came time to analyze different scenarios on the cube graphs, it was difficult to remember which coded variable represented what true variable and so, it would have been beneficial not to have to constantly refer to the variable list.

Conclusions and Recommendations
Now that the data has been analyzed to show that the model is valid and an empirical model has been generated, the main question remains.  When is it better to chip or to putt?  The type of club used depended on the course and ball conditions.  The following table gives a good indication as to what club to use.

	Ball position in grass (high or embedded)
	Green speed        (fast or slow)
	Time of day      (morning or afternoon)
	Distance away  from pin
	What club to use

	High
	Fast
	Afternoon
	15 feet
	Wedge

	High
	Fast
	Morning
	15 feet
	Wedge

	High
	Fast
	Afternoon
	60 feet
	Wedge

	High
	Fast
	Morning
	60 feet
	Wedge

	Embedded
	Fast
	Afternoon
	15 feet
	Putter

	Embedded
	Fast
	Morning
	15 feet
	Putter

	Embedded
	Fast
	Afternoon
	60 feet
	Putter

	Embedded
	Fast
	Morning
	60 feet
	Putter

	High
	Slow
	Afternoon
	15 feet
	Wedge

	High
	Slow
	Morning
	15 feet
	Wedge

	High
	Slow
	Afternoon
	60 feet
	Wedge

	High
	Slow
	Morning
	60 feet
	Wedge

	Embedded
	Slow
	Afternoon
	15 feet
	Putter

	Embedded
	Slow
	Morning
	15 feet
	Putter

	Embedded
	Slow
	Afternoon
	60 feet
	Putter

	Embedded
	Slow
	Morning
	60 feet
	Putter


 What is interesting from the results of this experiment was that the club type did not specifically vary due to the distance away from the hole, but rather on the conditions of the green speed and the lie of the ball.  In addition, an interesting result was that after each shot, regardless of the green conditions and the lie of the ball, the average distance away from the pin was always about 100” closer when shot was made from 15’ versus any shot from 60’.   

The high handicap player’s handicap was a 25 and the low player handicap was a 2 and, the handicap was not an issue.  This makes sense because many high handicappers have more trouble on the fairway than around the green.  Therefore, the conclusion of this experiment is regardless of one’s handicap, one should always check the lie of the ball and the green conditions, and as long as the ball is within the 15’ to 60’ perimeter of the hole, the club type used is the same for both distances.   

Appendix A




Run #1

Run #2

Run #3

Block
Block 1

Block 1

Block 1


Lie of Ball
1
Type
1
Type
1
Type

Club 
-1
Type
1
Type
-1
Type

Player Ability
1
Handicap
1
Handicap
1
Handicap

Distance from Pin
1
Feet
1
Feet
-1
Feet

Ball Position
-1
Location
1
Location
1
Location

Ground Slope
1

1

-1


Green Speed
-1

1

-1


Time of Day
-1

1

1



Distance

inches

inches

inches




Run #4

Run #5

Run #6

Block
Block 1

Block 1

Block 1


Lie of Ball
-1
Type
1
Type
-1
Type

Club 
-1
Type
1
Type
-1
Type

Player Ability
1
Handicap
-1
Handicap
-1
Handicap

Distance from Pin
1
Feet
-1
Feet
1
Feet

Ball Position
-1
Location
1
Location
1
Location

Ground Slope
-1

1

1


Green Speed
1

-1

-1


Time of Day
1

-1

1



Distance

inches

inches

inches




Run #7

Run #8

Run #9

Block
Block 1

Block 1

Block 1


Lie of Ball
-1
Type
-1
Type
-1
Type

Club 
-1
Type
1
Type
-1
Type

Player Ability
-1
Handicap
-1
Handicap
1
Handicap

Distance from Pin
-1
Feet
-1
Feet
-1
Feet

Ball Position
-1
Location
1
Location
1
Location

Ground Slope
-1

-1

1


Green Speed
-1

1

1


Time of Day
-1

1

-1



Distance

inches

inches

inches




Run #10

Run #11

Run #12

Block
Block 1

Block 1

Block 1


Lie of Ball
1
Type
1
Type
-1
Type

Club 
1
Type
-1
Type
1
Type

Player Ability
-1
Handicap
-1
Handicap
1
Handicap

Distance from Pin
1
Feet
1
Feet
-1
Feet

Ball Position
-1
Location
1
Location
-1
Location

Ground Slope
-1

-1

1


Green Speed
-1

1

-1


Time of Day
1

-1

1



Distance

inches

inches

inches




Run #13

Run #14

Run #15

Block
Block 1

Block 1

Block 1


Lie of Ball
1
Type
-1
Type
1
Type

Club 
1
Type
1
Type
-1
Type

Player Ability
1
Handicap
-1
Handicap
-1
Handicap

Distance from Pin
-1
Feet
1
Feet
-1
Feet

Ball Position
-1
Location
-1
Location
-1
Location

Ground Slope
-1

1

1


Green Speed
1

1

1


Time of Day
-1

-1

1



Distance

inches

inches

inches




Run #16

Block
Block 1


Lie of Ball
-1
Type

Club 
1
Type

Player Ability
1
Handicap

Distance from Pin
1
Feet

Ball Position
1
Location

Ground Slope
-1


Green Speed
-1


Time of Day
-1



Distance

inches
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Term
Effect
SumSqr
% Contribtn

Require
 Intercept





Model
 A
27.3438
2990.72
4.23093

Model
 B
14.5313
844.629
1.19488

Model
 C
-29.7812
3547.69
5.01887

Model
 D
97.8438
38293.6
54.1734

Model
 E
-18.9688
1439.25
2.03609

Error
 F
7.96875
254.004
0.359335

Model
 G
-4.34375
75.4727
0.10677

Error
 H
-5.84375
136.598
0.193243

Model
 AB
34.9062
4873.79
6.89487

Model
 AC
-0.65625
1.72266
0.00243702

Model
 AD
-15.6563
980.473
1.38706

Model
 AE
-7.96875
254.004
0.359335

Error
 AF
-13.7812
759.691
1.07472

Model
 AG
-38.7187
5996.57
8.48325

Model
 BD
-50.5938
10238.9
14.4848


 Lenth's ME
58.1996




 Lenth's SME
118.154



Appendix C



Response:
Response 1

  Hierarchical Terms Added after Manual Regression

     G


        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


       Sum of

         Mean
             F


Source
        Squares
                   DF         Square
             Value
            Prob > F

Model
69536.83
12
5794.74
15.11
0.0232
significant


A
2990.72
1
2990.72
7.80
0.0683

B
844.63
1
844.63
2.20
0.2344

C
3547.69
1
3547.69
9.25
0.0558

D
38293.60
1
38293.60
99.87
0.0021

E
1439.25
1
1439.25
3.75
0.1481

G
75.47
1
75.47
0.20
0.6873

AB
4873.79
1
4873.79
12.71
0.0377

AC
1.72
1
1.72
4.493E-003
0.9508

AD
980.47
1
980.47
2.56
0.2081

AE
254.00
1
254.00
0.66
0.4753

AG
5996.57
1
5996.57
15.64
0.0289

BD
10238.91
1
10238.91
26.70
0.0141

Residual
1150.29
3
383.43

Cor Total
70687.12
15


The Model F-value of 15.11 implies the model is significant.  There is only

a 2.32% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  

In this case D, AB, AG, BD are significant model terms.  

Values greater than 0.1000 indicate the model terms are not significant.  

If there are many insignificant model terms (not counting those required to support hierarchy),  

model reduction may improve your model.



Std. Dev.
19.58

R-Squared
0.9837

Mean
103.11

Adj R-Squared
0.9186

C.V.
18.99

Pred R-Squared
0.5371


PRESS
32719.44

Adeq Precision
10.924


The "Pred R-Squared" of 0.5371 is not as close to the "Adj R-Squared" of 0.9186 as one might

normally expect.  This may indicate a large block effect or a possible problem with your model

and/or data.  Things to consider are model reduction, response tranformation, outliers, etc.


"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your 

ratio of 10.924 indicates an adequate signal.  This model can be used to navigate the design space.




Coefficient

Standard
95% CI
95% CI

Factor
Estimate
DF
Error
Low
High       
VIF

 Intercept
103.11
1
4.90
87.53
118.69


 A-A
13.67
1
4.90
-1.91
29.25
1.00

 B-B
7.27
1
4.90
-8.31
22.84
1.00

 C-C
-14.89
1
4.90
-30.47
0.69
1.00

 D-D
48.92
1
4.90
33.34
64.50
1.00

 E-E
-9.48
1
4.90
-25.06
6.09
1.00

 G-G
-2.17
1
4.90
-17.75
13.41
1.00

 AB
17.45
1
4.90
1.87
33.03
1.00

 AC
-0.33
1
4.90
-15.91
15.25
1.00

 AD
-7.83
1
4.90
-23.41
7.75
1.00

 AE
-3.98
1
4.90
-19.56
11.59
1.00

 AG
-19.36
1
4.90
-34.94
-3.78
1.00

 BD
-25.30
1
4.90
-40.88
-9.72
1.00





 Final Equation in Terms of Coded Factors:



 Response 1
 =


+103.11


+13.67
  * A


+7.27
  * B


-14.89
  * C


+48.92
  * D


-9.48
  * E


-2.17
  * G


+17.45
  * A * B


-0.33
  * A * C


-7.83
  * A * D


-3.98
  * A * E


-19.36
  * A * G


-25.30
  * B * D


 Final Equation in Terms of Actual Factors:



 Response 1
 =


+103.10938


+13.67188
  * A


+7.26563
  * B


-14.89063
  * C


+48.92188
  * D


-9.48438
  * E


-2.17188
  * G


+17.45312
  * A * B


-0.32813
  * A * C


-7.82813
  * A * D


-3.98437
  * A * E


-19.35938
  * A * G


-25.29687
  * B * D



              Diagnostics Case Statistics

Standard
Actual
Predicted


Student
Cook's
Outlier
Run

Order
Value
Value
Residual
Leverage
Residual
Distance
t
Order

1
12.50
20.45
-7.95
0.813
-0.938
0.293
-0.911
7

2
27.00
32.83
-5.83
0.813
-0.687
0.157
-0.611
15

3
60.25
74.05
-13.80
0.813
-1.627
0.883
-3.877 *
8

4
149.00
148.98
0.016
0.813
0.002
0.000
0.002
5

5
28.50
14.70
13.80
0.813
1.627
0.883
3.877 *
9

6
18.50
18.52
-0.016
0.813
-0.002
0.000
-0.002
3

7
29.50
21.55
7.95
0.813
0.938
0.293
0.911
12

8
108.25
102.42
5.83
0.813
0.687
0.157
0.611
13

9
181.50
173.55
7.95
0.813
0.938
0.293
0.911
6

10
144.50
138.67
5.83
0.813
0.687
0.157
0.611
11

11
161.75
147.95
13.80
0.813
1.627
0.883
3.877 *
14

12
207.50
207.52
-0.016
0.813
-0.002
0.000
-0.002
10

13
176.00
189.80
-13.80
0.813
-1.627
0.883
-3.877 *
4

14
178.25
178.23
0.016
0.813
0.002
0.000
0.002
1

15
65.50
73.45
-7.95
0.813
-0.938
0.293
-0.911
16

16
101.25
107.08
-5.83
0.813
-0.687
0.157
-0.611
2

  * Case(s) with |Outlier T| > 3.50
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