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The Experimental Problem

With the members of this group coming together with a common background of bioengineering, it is an understandable desire to examine human performance.  Human performance may be measured in various setting.  Athletics is a common area of continuous improvement, and optimization is critical especially when considering the Olympics held in the recent months. Various factors influence the athletes’ performances from the clothes they wear (e.g. the latest body suits in both track and field and swimming), to the equipment they use (e.g. style of bike), to the food they consume (including nutritional supplements that have served as a source of trouble since some are seen as a potential drug enhancement).  The group decided to investigate the effects of various fluids on running performance with the objective to determine an optimal fluid or fluid mixture for improving running speed.  

Factors, Levels & Ranges

Choice of factors

Prior to selecting fluids as the primary factor, this group considered many factors that might influence running performance.  The following list of factors was produced in a brainstorming session:

· Time of Day:  morning vs. evening

· Temperature:  morning temperatures of 60( to afternoon temperatures of 90( 

· Amount of sleep the night before:  5, 7, or 9 hours, etc.

· Meal the night before:  e.g. pure protein meal (meat) vs. pure carbohydrate meal (pasta)

· Fluid consumed prior to exercise: e.g.  sports drink vs. water vs. nothing

· Stretching:  stretching 10 mins. prior to exercise vs. no stretching

· Meditation:  focusing and visualizing vs. “just do it”

· Running style:  eyes focused down on track or eyes focused ahead.

The variables listed above may have some impact on the daily train schedule of athletes at any level.  Of course there are many other factors since this area is heavily studied in such areas as exercise science, but these provide a broad spectrum of physiological, environmental and psychological influences.  In determining what might be of most interest and have greatest impact without effecting the individuals’ daily routines, the group selected the variable of fluid consumption prior to performance by experimenting with the types of enhancement related fluids available on the market.  The factors evaluated for their impact on performance included:

· Water

· Sports drink (Gatorade)

· Protein drink

· Caffeine drink (coffee)

Nuisance Variables

Several nuisance factors associated with this experiment were identified ahead of time to minimize their impact on the experiment.   The group recognized that some of the factors were controllable while others were not, so to minimize the variability transmitted from the nuisance factors, some regulations were implemented:

· Running surface –held constant by running on a track or consistent surface

· Training influence – to be minimized by allowing sufficient time between trials

· Time of day – held constant

· Person – uncontrollable in terms of sickness, injury, stress, etc.

· Competition between group members – controlled by running alone and isolated when performing arm curls

· Sleep – recorded in attempts to hold constant

A training effect was recognized as a significant nuisance factor in that times could improve with practice over each time trial.  To minimize the effects of training, it was decided to performed the experiment twice a week with a minimum of two days between trials and to only perform one trial run on the selected days.  In the end, given the holidays and schedule conflicts, this did not always hold true.

Levels & Ranges


After considering the nuisance factors, the number of factors and factor levels were selected as indicated below in Table 1.  A discussion on the levels chosen may be found in the “Performing the Experiment” section.  

Table 1. Factors and their corresponding levels

	Factor
	Name
	Units
	Type
	Low Actual
	High Actual
	Low Coded
	High

Coded

	  A
	Water
	oz
	Numeric
	0
	32
	-1.00
	1.00

	  B
	Gatorade
	oz
	Numeric
	0
	16
	-1.00
	1.00

	  C
	Coffee
	oz
	Numeric
	0
	12
	-1.00
	1.00

	  D
	Protein
	oz
	Numeric
	0
	8
	-1.00
	1.00


Response Variables

The response variable for this experiment was speed or the time to complete the designated distance.   Each distance/experiment was run three times and the average of these times was used as the response variable.  A sports watch was used to time each individual to the nearest one hundreth of a second.

Experimental Design

We decided that a fractional 2k design would be the best experiment to use.  Due to the time constraint, the group used a half fraction factorial design.  The primary drawback to this fractional design was the resulting resolution IV experiment.  This meant that the main effects, though not aliased with any other main effect, were aliased with three-factor interactions and that two-factor interactions may be aliased with each other.  This left the group with the ability to determine which main effects contributed to the performance of an individual.

There were five members in the group.  Each member performed three replicates for the trial run.  Since each person was affected by the factors differently, each person was considered a block.  For this experiment, there were five blocks and each block was a replicate.  Having this many replicates gave the experiment a high power.  At one standard deviation, the power is 86.3%, and at two standard deviations, the power is 99.9%.  This means we would have a low type II error.  

Design Summary

Study Type: 
Fractional Factorial with Blocking

Initial Design: 
2 Level 
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Fractional Factorial Design with 5 Replicates

Blocks: 

5

Center Points: 
No

Design Model: 
Factorial Reduced 2FI Model

4 Factors: A, B, C, D
Design Matrix Evaluation for Factorial Reduced 2FI Model
Factorial Effects Aliases
[Est. Terms]    Aliased Terms

  [Intercept] = Intercept
     [A] = A + BCD

  [B] = B + ACD

  [C] = C + ABD

  [D] = D + ABC

  [AB] = AB + CD

  [AC] = AC + BD

  [AD] = AD + BC


  Factor Generator

  D = ABC


  Factorial Effects Defining Contrast

  I = ABCD


Table 2 indicates the eight trials and the level at which each factor was run.  (The full factorial design may be found in Appendix D).  Note that the run order is not the same used for the actual experiment.  The table indicates one block or replicate corresonding to one individual. 

Table 2: Design Matrix

	Std
	Run
	Block
	Factor1

A: A
	Factor2

B: B
	Factor3

C: C
	Factor4

D: D
	Response1

	5
	1
	Block1
	-1.00
	-1.00
	1.00
	1.00
	

	3
	2
	Block1
	-1.00
	1.00
	-1.00
	1.00
	

	1
	3
	Block1
	-1.00
	-1.00
	-1.00
	-1.00
	

	4
	4
	Block1
	1.00
	1.00
	-1.00
	-1.00
	

	2
	5
	Block1
	1.00
	-1.00
	-1.00
	1.00
	

	6
	6
	Block1
	1.00
	-1.00
	1.00
	-1.00
	

	8
	7
	Block1
	1.00
	1.00
	1.00
	1.00
	

	7
	8
	Block1
	-1.00
	1.00
	1.00
	-1.00
	


Performing the Experiment
After proposing the initial experiment, it was decided to run a few trials in order to see if the design setup was feasible.  A few critical ideas were realized after running the pre-trials.  Since each individual in the group came from different backgrounds in exercise/running, it appeared that after everyone ran the 200 m run, different effects were coming into play.  The initial design was to run 200 m and evaluate the effects of the given factors on speed alone.  The length of run initially chosen began to bring certain effects such as fatigue and recovery time into play since each individual’s fitness level varied.  Since three trials were run each day, fatigue would play a prominent role in each trial.  In addition, recovery between replicates in individuals, who were not used to this type of workout (all-out sprint), would vary.  On the other hand, it was not clear that 100 meter would be a suitable distance to distinguish the effects of the various fluids.  Therefore, the group decided to run two individuals at the 200 m distance and three at the 100 m distance based on the individual’s fitness level.  This strategy appeared to work out satisfactory for each member of the group and for the goal of the experiment.

The other issue that came up in the initial pre-trials was the levels of the factors chosen.  It was obvious that the initial high levels chosen (32 oz. for each fluid) could not be performed when three or more factors were at the high level.  This was simply due to volume consumed.  Such a large volume of consumption could have introduced other nuisance variables such as upset stomach, excessive bloating, etc.  The “real” effects of the factors may have been hidden and results of the experiment may have been potentially misleading.  The group once again decided on some reasonable levels of each factor based on the type.  Therefore, if all the factors were at the high level, the trials could be performed as normal, without significant inhibiting effects.  

After these decisions were finalized, the group recognized that a standard had to be set to rule out any unwanted effects.  The trials were chosen to be performed beginning at 8 am with at least two days between performances.  Each day of performance three replicates would be run by each of the five group members.  The individuals would decide on their own the recovery time between replicates in order to achieve sufficient rest time.  The drinks (factors) were taken one hour prior to the start of the experiment.  Even though attempts were to standardize the experiment and to rule out any unwanted factors, the group recognized that other factors may corrupt the data.  In order to explain any outliers or “odd” results, each group member maintained a “running journal” that contained any pertinent information that may have effected the results of each timed trial.  This journal contained such issues as lack of sleep the night before, unusual meals eaten the day before, pulled/sore muscles, etc.  Each member was responsible for this aspect of the experiment.   Though this was effective in recording various factors, it was difficult to pinpoint how these nuisance variables affected the data (see the “Discussion and Recommendations” section).

Statistical Analysis

Once the experiment was performed and the data was collected, the next step was to analyze the data.  A printout of the data is located in Appendix A.  The data was coded for ease of analysis.  Since the group ran the short distances of 100 and 200 meter sprints, the time difference between different factor levels was small.  To increase the difference in times, each time had the overall mean subtracted from it and was then multiplied by 100.

Design Expert was used to analyze the data.  The data for the 100 meter trials was run first.  The half normal plot (Figure 1) shows that one factor was significant, therefore this factor, coffee, was selected for the model.
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Figure 1: Half normal plot for 100 meter trial

Table 3: ANOVA for 100 meter trial



Sum of

Mean

F
Source

Squares
DF
Square
Value
Prob > F
Block

300.22

2
150.11

Model

3410.36
1
3410.36
5.70
0.0269

significant

C

3410.36
1
3410.3

5.70
0.0269

Residual
11964.48
20
598.22

Cor Total
15675.06
23

The ANOVA table (Table 3 on the previous page) confirms the conclusion that coffee is a significant factor (p=0.0269).  The complete printout is in Appendix B.  Even though coffee is aliased with the other three factors, it is assumed that the three-factor interaction is not significant.

For the 200 meter runs, the half normal plot showed that several factors were significant.  The main factors B, C and D were aliased with three-factor interactions, but these higher order interactions were assumed insignificant.  In addition all significant two-factor interactions are aliased with the other three two-factor.  This plot may be misleading since the ANOVA table (Table 4 on the next page) indicates that no factors were significant (p=0.9618).  One reason for this discrepancy is that the blocks are not taken 
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Figure 2: Half normal plot for 200 meter trial

into account in the half normal plot.  When each individual was analyzed separately, no factors were significant in the half normal plots.  But when analyzed together there is a split in the factor effects.  This was most likely due to the fact that only two individuals were in this data set.  This could indicate a split in how the individuals were affected by the factors.  For example one subject may have found a positive effect with Factor A while the other found a negative effect, therefore resulting is a cancellation of this effect (signified by the straight line in the half normal plot).  If both were positively influenced by coffee, then this factor would show up significant on a half normal plot (Factor C).

Table 4: ANOVA for 200 meter trial



Sum of

Mean

F
Source

Squares
DF
Square
Value

Prob > F
Block

153.75

1
153.75

Model

37396.15
7
5342.31
0.24

0.9618
not significant

A

145.91

1
145.91

6.458E-003
0.9382

B

5425.38
1
5425.38
0.24

0.6391

C

4761.22
1
4761.22
0.21

0.6601

D

1042.72
1
1042.72
0.046

0.8360

AB

971.84

1
971.84

0.043

0.8416

AC

2037.39
1
2037.39
0.090

0.7727

BC

477.93

1
477.93

0.021

0.8885

Residual
1.582E+005
7
22594.44

Cor Total
1.957E+005
15

To determine the validity of the model for the 100 meter trials, an analysis of residuals was performed. Using the fat pencil test on the normality plot of residuals, the residuals fall within the bounds and one can conclude the data is normally distributed (see Figure 3 on the following page).  The next analyses conducted were the residuals versus run order and versus predictions (Figures 4 & 5).  These plots indicated that there were no trends with time or predictions.  This shows that the data follows the constant variance assumption, and the data was not effected by time.  Since the residuals show the data followed the assumptions of the ANOVA model, a regression model can be made.

Regression Model for 100 meter run:    

Time  =  17.03589  -  ( 2.05191* Coffee )  (Coded)

This regression equation shows that if an individual consumes coffee approximately one hour prior to running a 100 meter sprint, that person may expect improved performance and thus a faster time.
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Figure 3: Normal plot of residuals for 100 meter trial
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Figure 4: Residuals vs. Predicted for 100 meter trial
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Figure 5: Residuals vs. Run for 100 meter trial

Conclusions

For the 100 meter run, coffee was found to be the only significant factor.   This may be due to the fact that coffee is a stimulant and provided the energy needed for the short run.  Further research into the chemical breakdown would be useful for detailed analysis.  Since no significant factors were found in the 200 meter run, future experiments need to be done for further analysis.  Most likely a third subject would have provided more conclusive results.

Discussion & Recommendations

In discussing the results of the experiment and evaluating the experimental process, the group determined several recommendations for future trials.  The first suggestion was to initiate this experiment with a minimum number of factors, such as three.  In this way a full factorial may be run and more conclusive results may be determined about a particular factor.  Secondly, since coffee was a significant factor for the 100 meter, continued experimentation may be made on the levels of coffee.  Coffee could be tested from 0 to 24 oz. at several levels to determine if there is a maximum.  Also, one experiment may be conducted to vary the time of consumption prior to the trials.  Another test could be conducted on the different types of caffeine, such as Red Bull Energy Drink, caffeine pills, sodas such as Mountain Dew, or tea.  Finally the effects of caffeine may be evaluated on distances to see if it effects endurance as well as speed (e.g. 100 meters vs. 1600 meters).

Sources of error

Understanding that the human body is not the same from day to day is a key factor in using humans as the “machine” to be tested.  Changes in each subject along with environmental factors contributed to nuisance variables that may have affected the data though no conclusive results were drawn.  Variances in each subject may have been influence by the amount of sleep the night before, what the subject ate for dinner the night before, motivation to run hard, or tight muscles.  These factors were identified prior to the experiment.  Sleep may have a significant affect on the time since a lack of sleep would most likely slow the time.  Eating salad for dinner one night and a plate of pasta another night before the run would influence the amount of stored energy.  Simple motivation to run hard each time trial is a psychological factor and influential on the time.  Other factors may affect the sprint time such as morning temperature and the person who timed the runners (the same timer was not used for the same runner each time).  Finally, improvement may have been made with each run, i.e. the times improved through practice even though attempts were made to minimize this effect.

Errors may have occurred with the fluids directly.  Little is understood about the order of consumption – does it make a difference if the water is consumed before or after the protein drink?  This is another experiment entirely.  The test matrix specified drinking the fluid one hour prior to the timing session.  This was a difficult task if three or four fluids were consumed in the same morning, therefore, it may have been 15-25 minutes before that last drop was had.

Next is an example of a journal maintained by subject five to record any significant differences noticed from run to run.

Run 1 (Water): felt fatigued by the end of the 200m; noticed that my time improved if the start was fast “out of the blocks” so to speak.  Plan to concentrate on this for the remaining time trials; this may have affected the first time in this set.

Run 2 (Coffee & Protein): cold morning – ran in tights vs. shorts; first time to drink the protein (ever) and it was quite thick; my stomach was upset and may have affected my run.

Run 3 (Protein): cold morning again 41(; protein drink did not upset my stomach this time; no lunch the day before – this could be a source of low energy.

Run 4 (Gatorade): cold morning again 43(; very tight for the first run.

Run 8 (Gatorade & Coffee): warmer morning 52(; slightly injured my hip last week…the muscle was tight and noticeable for each time trial – this may have affected my time.

Suggestions for future testing

The following are suggestions for future testing to improve timing conditions and minimize time fluctuations as much as possible.

1. Base recovery time on heart rate to be certain the runner is fully recovered from the previous sprint.

2. Test no more than twice a week to minimize the effects of practice and ensure recovery for each day.  This requires having a padded schedule to accommodate unforeseen schedule conflicts.

3. Stretch before and after each time trial to minimize the effect of tight muscles.

4. Run a warm-up lap or a practice trial first before timing to ensure loose muscles.

5. Use various types of subjects, such as a novice runner, a moderate runner and a runner currently in training.

6. Choose a low level of each fluid rather than zero.  For example, use 4 oz and 16 oz of Gatorade for testing.

7. Use longer runs where fatigue affects may be observed in larger time differentials.   Vary the distance between runners to see if distance is a factor with fluids.

8. Use three or more subjects for each test to draw more conclusive results.

In conclusion, the group found that none of their members are Olympic hopefuls, and the enhancement of fluids will not put them on a medal platform.  But, it is recognized that coffee may contribute to the improvement of times for short distances.  By no means is this a conclusive result to be used by future athletes since other experiments should be run to verify coffee’s effect on running performance.  This project did provide a valuable experience in the preparation of experiment design.  Pre-planning is a critical stage though many nuisance factors may remain hidden until the experiment is performed and the trials are run.  Certainly this could be an experiment to perform in the future with consideration given to the current design errors and suggestions made in this report.

Appendix A

Coded Date

STD
Run
Block
A
B
C
D
Responce


7
1
Block 1
0.00
0.00
12.00
0.00
-6.727

1
2
Block 1
32.00
0.00
0.00
0.00
26.273

16
3
Block 1
32.00
0.00
12.00
0.00
39.773

10
4
Block 1
0.00
0.00
0.00
16.00
-8.727

19
5
Block 1
32.00
8.00
0.00
16.00
31.773

13
6
Block 1
32.00
8.00
12.00
16.00
-17.227

22
7
Block 1
0.00
0.00
12.00
16.00
-23.227

4
8
Block 1
0.00
8.00
12.00
0.00
-47.727

8
9
Block 2
0.00
0.00
12.00
0.00
-10.292

17
10
Block 2
32.00
0.00
12.00
0.00
-29.292

2
11
Block 2
32.00
0.00
0.00
0.00
42.708

23
12
Block 2
0.00
0.00
12.00
16.00
-19.792

5
13
Block 2
0.00
8.00
12.00
0.00
-8.292

11
14
Block 2
0.00
0.00
0.00
16.00
50.208

20
15
Block 2
32.00
8.00
0.00
16.00
-26.792

14
16
Block 2
32.00
8.00
12.00
16.00
-6.292

6
17
Block 3
0.00
8.00
12.00
0.00
13.47

24
18
Block 3
0.00
0.00
12.00
16.00
7.955

21
19
Block 3
32.00
8.00
0.00
16.00
30.455

12
20
Block 3
0.00
0.00
0.00
16.00
-6.045

9
21
Block 3
0.00
0.00
12.00
0.00
1.455

3
22
Block 3
32.00
0.00
0.00
0.00
13.47

18
23
Block 3
32.00
0.00
12.00
0.00
21.455

15
24
Block 3
32.00
8.00
12.00
16.00
-29.045

Appendix B

100 meter results
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Response:
Time

        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F


Source
Squares
DF
Square
Value
Prob > F

Block
300.22
2
150.11


Model
3410.36
1
3410.36
5.70
0.0269
significant

C
3410.36
1
3410.36
5.70
0.0269

Residual
11964.48
20
598.22

Cor Total
15675.06
23




Std. Dev.
24.46

R-Squared
0.2218

Mean
1.65

Adj R-Squared
0.1829

C.V.
1485.42

Pred R-Squared
-0.1351


PRESS
17452.40

Adeq Precision
3.230





Coefficient

Standard
95% CI
95% CI

Factor
Estimate
DF
Error
Low
High
VIF

 Intercept
4.72
1
5.16
-6.03
15.48


 Block 1
-2.37
2

 Block 2
-2.63


 Block 3
5.00


 C-Coffee
-12.31
1
5.16
-23.07
-1.56
1.00



 Final Equation in Terms of Coded Factors:



 Time
 =


+4.72


-12.31
  * C


 Final Equation in Terms of Actual Factors:



 Time
 =


+17.03589


-2.05191
  * Coffee



              Diagnostics Case Statistics

Standard
Actual
Predicted


Student
Cook's
Outlier
Run

Order
Value
Value
Residual
Leverage
Residual
Distance
t
Order

1
26.27
14.66
11.61
0.194
0.529
0.017
0.519
2


2
42.71
14.41
28.30
0.194
1.289
0.100
1.312
11

3
13.47
22.04
-8.57
0.194
-0.390
0.009
-0.382
22

4
-47.73
-9.96
-37.77
0.150
-1.675
0.124
-1.761
8

5
-8.29
-10.21
1.92
0.150
0.085
0.000
0.083
13

6
13.47
-2.59
16.06
0.150
0.712
0.022
0.703
17

7
-6.73
-9.96
3.23
0.150
0.143
0.001
0.140
1

8
-10.29
-10.21
-0.079
0.150
-0.003
0.000
-0.003
9

9
1.46
-2.59
4.04
0.150
0.179
0.001
0.175
21

10
-8.73
14.66
-23.39
0.194
-1.065
0.069
-1.069
4

11
50.21
14.41
35.80
0.194
1.631
0.160
1.707
14

12
-6.04
22.04
-28.08
0.194
-1.279
0.099
-1.301
20

13
-17.23
-9.96
-7.27
0.150
-0.322
0.005
-0.315
6

14
-6.29
-10.21
3.92
0.150
0.174
0.001
0.170
16

15
-29.05
-2.59
-26.46
0.150
-1.173
0.061
-1.185
24

16
39.77
-9.96
49.73
0.150
2.206
0.215
2.471
3

17
-29.29
-10.21
-19.08
0.150
-0.846
0.032
-0.840
10

18
21.45
-2.59
24.04
0.150
1.066
0.050
1.070
23

19
31.77
14.66
17.11
0.194
0.779
0.037
0.772
5

20
-26.79
14.41
-41.20
0.194
-1.877
0.213
-2.015
15

21
30.45
22.04
8.42
0.194
0.384
0.009
0.375
19

22
-23.23
-9.96
-13.27
0.150
-0.588
0.015
-0.578
7

23
-19.79
-10.21
-9.58
0.150
-0.425
0.008
-0.416
12

24
7.96
-2.59
10.54
0.150
0.468
0.010
0.458
18
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200 meter results
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Response:
Time

        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F


Source
Squares
DF
Square
Value
Prob > F

Block
153.75
1
153.75


Model
37396.15
7
5342.31
0.24
0.9618
not significant

A
145.91
1
145.91
6.458E-003
0.9382

B
5425.38
1
5425.38
0.24
0.6391

C
4761.22
1
4761.22
0.21
0.6601

D
1042.72
1
1042.72
0.046
0.8360

AB
971.84
1
971.84
0.043
0.8416

AC
2037.39
1
2037.39
0.090
0.7727

BC
477.93
1
477.93
0.021
0.8885

Residual
1.582E+005
7
22594.44

Cor Total
1.957E+005
15




Std. Dev.
150.31

R-Squared
0.1912

Mean
-9.02

Adj R-Squared
-0.6175

C.V.
-1665.55

Pred R-Squared
-3.2254


PRESS
8.263E+005

Adeq Precision
1.434





Coefficient
Standard
95% CI
95% CI
Factor

Estimate
DF
Error

Low
High
VIF
 Intercept

-17.10
1
53.14
-
142.76
108.57

 Block 1

3.10
1
 Block 2
-
3.10

 A-Water
4
.27
1
53.14

-121.40
129.94
2.00
 B-Protein
-26.04
1
53.14

-151.71
99.62
2.00
 C-Coffee
-
24.40
1
53.14

-150.06
101.27
2.00
 DSports

-32.29
1
150.31

-387.73
323.15
15.00
 AB

24.65
1
118.83

-256.35
305.64
10.00
 AC

-15.96
1
53.14

-141.62
109.71
2.00
 BC

-7.73
1
53.14

-133.40
117.94
2.00



 Final Equation in Terms of Coded Factors:



 Time
 =


-17.10


+4.27
  * A


-26.04
  * B


-24.40
  * C


-32.29
  * D


+24.65
  * A * B


-15.96
  * A * C


-7.73
  * B * C


 Final Equation in Terms of Actual Factors:



 Time
 =


+62.31800


-0.27602
  * Water


-10.73950
  * Protein


-0.11800
  * Coffee


-4.03641
  * Sports


+0.38509
  * Water * Protein


-0.16623
  * Water * Coffee


-0.32205
  * Protein * Coffee



              Diagnostics Case Statistics
Standard
Actual
Predicted


Student
Cook's
Outlier
Run
Order
Value
Value
Residual
Leverage
Residual
Distance
t
Order
1
-142.20
56.59
-198.78
0.562
-1.999
0.571
-2.826
4

2
  249.17
50.39
198.78
0.562
1.999
0.571
2.826
13
3
-48.03
-52.83
4.80
0.563
0.048
0.000
0.045
1
4
-63.83
-59.03
-4.80
0.563
-0.048
0.000
-0.045
12
5
44.30
-20.50
64.80
0.562
0.652
0.061
0.623
5
6
-91.50
-26.70
-64.80
0.562
-0.652
0.061
-0.623
14
7
-81.70
0.84
-82.53
0.562
-0.830
0.098
-0.809
2
8
77.17
-5.36
82.53
0.562
0.830
0.098
0.809
16
9
55.30
-91.50
146.80
0.563
1.477
0.311
1.647
7
10
-244.50
-97.70
-146.80
0.563
-1.477
0.311
-1.647
15
11
37.97
-8.66
46.64
0.563
0.469
0.031
0.441
6
12
-61.50
-14.86
-46.64
0.563
-0.469
0.031
-0.441
11
13
61.97
4.67
57.30
0.562
0.576
0.047
0.547
3
14
-58.83
-1.53
-57.30
0.562
-0.576
0.047
-0.547
10
15
24.97
64.00
-39.03
0.563
-0.393
0.022
-0.368
8
16
96.83
57.80
39.03
0.563
0.393
0.022
0.368
9


Appendix D

Full Fraction Factorial Design

	Std
	Run
	Block 
	A
	B
	C
	D
	Response

	1
	2
	Block 1
	-1
	-1
	-1
	-1
	

	2
	13
	Block 1
	1
	-1
	-1
	-1
	

	3
	1
	Block 1
	-1
	1
	-1
	-1
	

	4
	3
	Block 1
	1
	1
	-1
	-1
	

	5
	8
	Block 1
	-1
	-1
	1
	-1
	

	6
	6
	Block 1
	1
	-1
	1
	-1
	

	7
	14
	Block 1
	-1
	1
	1
	-1
	

	8
	4
	Block 1
	1
	1
	1
	-1
	

	9
	15
	Block 1
	-1
	-1
	-1
	1
	

	10
	10
	Block 1
	1
	-1
	-1
	1
	

	11
	11
	Block 1
	-1
	1
	-1
	1
	

	12
	9
	Block 1
	1
	1
	-1
	1
	

	13
	5
	Block 1
	-1
	-1
	1
	1
	

	14
	16
	Block 1
	1
	-1
	1
	1
	

	15
	12
	Block 1
	-1
	1
	1
	1
	

	16
	7
	Block 1
	1
	1
	1
	1
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