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CALORIE LOSS ASSOCIATED WITH EXERCISE EQUIPMENT
· Objective of the Experiment: 

The following experiment tries to maximize the calories burned using bicycle exercise equipment with three different design factors namely, the speed (rpm) of the equipment, the duration of the exercise (time) and the level of difficulty.

· Choice of Factors, Levels and Ranges:

A preliminary observation of the bicycle equipment indicates three conditions with different difficulty levels ranging from 1-10(10 being the most difficult). These conditions are:

· Random Condition
· Hill Condition
· Manual Condition
We have selected one of the above conditions, that is “Random Condition” for running all of our observations with two different difficulty levels (L1 and L2) and two other parameters, namely time and rpm. We have selected 3 bicycles randomly for the experiment. The following are the design parameters;

· Difficulty level (Level 1 and Level 2) 

· Rpm (60 and 80)

· Time in minutes (5 and 10)

Other factors that might affect the experiment have been classified as follows:

· Held- Constant Factors:

· Diet: The person using the training equipment for our experiment is already a member at “ Weight Watchers Weight Loss Program”. Under this program the food that is consumed corresponds to certain number points (1-2-3 step program).

· Gender 

· Nuisance Factors:

· Inherent variability in the equipment 

· Training effect

· State of Health.

The following table summarizes the factors, levels and ranges.

	SL No
	Factors
	Type
	Precision
	Range 

(Low)
	Range   

(High)

	1
	Difficulty level
	Categorical
	In increments of 1
	Level 1
	Level 2

	2
	Rpm
	Numerical
	1 rpm
	60
	80

	3
	Time
	Numerical
	1 minute
	5 minutes
	10 minutes


· Selection of Response Variable:

Calories burnt have been selected as the response variable for the experiment. This can be measured by observing the readings directly on different bicycle equipment. The following table summarizes the characteristics of the response variable.

	Response variable
	Normal Operating Level and Range (calories)
	Measurement precision and accuracy
	Relationship of response variable to objective

	Calories
	0-999
	Least count of 1
	As high as possible


· Choice of experimental design:

With the above design parameters, we propose conducting a 23 completely randomized block design. We propose to use 3 different bicycle equipments in a random order and block each bicycle in order to reduce the variability that might affect the results. The choice of blocking is also attributed to eliminating the known and controllable factor that is diet in the particular experiment. Thus, we can systematically eliminate its effect on the statistical comparisons among treatments (Design and Analysis of Experiments, D.C. Montgomery, 2000). The experiment is completely randomized to guard against the unknown and uncontrollable factors. Hence, three bicycles, each in one block and three replicates are chosen for the design 

The choice of number of replicates had been decided with the help of design expert. A replicate size of two indicates a 2 standard deviation of 93.7% and replicate size of 3 indicates 99.6 % at 95% confidence interval. Since a higher standard deviation reflects better difference in variability, we therefore have performed a 23 completely randomized block design.

· Performing the experiment:

The experiment was conducted in the Student Recreation Complex of Arizona State University. Before running the original experiment, few pilot runs were carried out to observe the response variable and to check the variability in the system. These runs provided consistency in the experimental data.

The experiment was conducted in blocks as planned and all the runs in each block were randomized. All the runs in a particular block were performed on one single day. The experiment was spread over a period of one week. The following spreadsheet is a summary of the experiment.

	Standard 
	Random 
	Blocks
	Levels
	RPM
	Time
	Calories

	Order
	Order
	
	
	
	
	

	1
	2
	Block 1
	1
	60
	5
	24

	2
	13
	Block 2
	1
	60
	5
	24

	3
	19
	Block 3
	1
	60
	5
	24

	4
	5
	Block 1
	2
	60
	5
	28

	5
	9
	Block 2
	2
	60
	5
	27

	6
	23
	Block 3
	2
	60
	5
	27

	7
	3
	Block 1
	1
	80
	5
	24

	8
	12
	Block 2
	1
	80
	5
	24

	9
	22
	Block 3
	1
	80
	5
	24

	10
	6
	Block 1
	2
	80
	5
	28

	11
	15
	Block 2
	2
	80
	5
	28

	12
	20
	Block 3
	2
	80
	5
	28

	13
	4
	Block 1
	1
	60
	10
	46

	14
	10
	Block 2
	1
	60
	10
	46

	15
	21
	Block 3
	1
	60
	10
	46

	16
	8
	Block 1
	2
	60
	10
	52

	17
	16
	Block 2
	2
	60
	10
	53

	18
	24
	Block 3
	2
	60
	10
	53

	19
	7
	Block 1
	1
	80
	10
	47

	20
	11
	Block 2
	1
	80
	10
	47

	21
	17
	Block 3
	1
	80
	10
	47

	22
	1
	Block 1
	2
	80
	10
	54

	23
	14
	Block 2
	2
	80
	10
	55

	24
	18
	Block 3
	2
	80
	10
	54


STATISTICAL ANALYSIS OF THE DATA

The statistical analysis software package (Design Expert) has been used to analyze the data collected from the experiment. The data was analyzed through certain graphs and model adequacy testing and confidence interval estimation procedures were carried out. Residual analysis was also done. The detailed analysis of the experiment has been enumerated herewith. The Analysis of Variance table summarizes the sum of squares, degrees of freedom and the F statistic for the experiment (See Appendix 1)

· Estimating Factor Effects:

Preliminary investigation on the experimental results indicates negligible variability in the response variable with respect to the factors considered. The raw data indicates that the effect of time and level as factors contribute significantly to the response variable. It is also observed that for a few treatment combinations the value of the response variable i.e. calories burnt was the same. This can be seen from runs 4 and 10 of the experimental data. The value of the response remains more or less the same for certain runs in different blocks.

· Statistical Testing of the Initial Model:

The statistical analysis was conducted considering all the main factors, the two and three factor interactions in the initial model. From the ANOVA table (Appendix 1), the model F value of 3858.61 implies the model is significant. There is only a 0.01% chance that a “Model F Value” this large could occur due to noise. The factor effects on the response variable as shown in the ANOVA table indicate that A (levels) and C (time) are highly significant. This can be judged from the F values and P values. It is also noted that factor B (rpm) and the two factor interactions AB, AC and BC are also significant, though their F values are not as high as that of the effects A and C. The three-factor interaction ABC is negligible. 

The Normal Probability Plot as shown in (Appendix 1) does not violate the normality assumption. The independence and constant variance assumptions are also not violated.

· Refined Model:

From the initial model, it can be seen that the ABC interaction is insignificant, hence we drop it from the original model. See modified ANOVA table (Appendix 2). The values of R-Squared and Adj R-Squared in the initial model, 0.9995 and 0.9992 respectively show that 99.95% of the total variability in the experiment is explained by the model. The PRESS value for the initial model is 5.63. After refining the model the PRESS value is found to be 4.91 indicating that we have a better experiment without ABC interaction.

· Residual Analysis:

The residual graphs are shown in the Design Expert Computer Output (Appendix 2). A graph of residuals vs. predicted (Appendix 2) shows that higher the calories burnt more is the variability in the system.

The plot of residuals vs. Level shows that Level 1 is more robust with almost no variability in the response variable. Level 2 indicates that the Level factor has a dispersion effect in the experiment, whereas the other factors do not indicate such an effect (See Appendix 2). This could also be attributed to the range in the factor levels being selected too close to each other. The RPM was chosen to be 60 and 80 respectively considering the human potential of conducting the experiment. The same values in the response variable for both levels of RPM considered could be attributed to noise.

· Interpretation of the results:

From the modified ANOVA table, it is seen that the main effects are very important. The table also indicates that the two factor interactions are significant. However, when we look at the interaction graphs (Appendix 2), we see that the interaction among the factors do not play a significant role as compared to the main factors. Therefore further investigation of the contour plots (Appendix 2) suggests that there is a slight downward trend in the response variable with increase in RPM for both Level 1 and Level 2. One of the reasons for this trend could be the fact that more effort is required to maintain a low RPM to overcome the inertia of the equipment, however at the high RPM the momentum generated by the equipment tends to reduce the effort required by the experimenter.

· Recommendations and Conclusions:
As a result of this experiment, we have concluded that by running the experiment at a low RPM for a longer time will increase the calories burnt. Increasing the level also burns more calories under the above-mentioned conditions. Hence we recommend a low RPM and high Levels and longer duration to maximize the calories burnt.

Finally, after reviewing the results of this experiment, we recommend that further experimentation can be done by increasing the range of RPM (60 to 100) to avoid noise and also to overcome the inertia effects. We recommend a similar approach for the Levels.

APPENDIX -1

Note: The following statistical ouptuts have been sourced from Design Expert Software.


Response:Calories Burnt
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
	0.08
	2
	0.042
	
	
	

	Model
	3697.83
	7
	528.262
	3858.61
	< 0.0001
	significant

	A
	170.67
	1
	170.667
	1246.61
	< 0.0001
	

	B
	4.17
	1
	4.167
	30.43
	< 0.0001
	

	C
	3504.17
	1
	3504.167
	25595.65
	< 0.0001
	

	AB
	0.67
	1
	0.667
	4.87
	0.0445
	

	AC
	16.67
	1
	16.667
	121.74
	< 0.0001
	

	BC
	1.50
	1
	1.500
	10.96
	0.0052
	

	ABC
	0.00
	1
	0.000
	0
	1.0000
	

	Residual
	1.92
	14
	0.137
	
	
	

	Cor Total
	3699.83
	23
	
	
	
	


	The Model F-value of 3858.61 implies the model is significant.  There is only
	
	
	

	a 0.01% 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 A, B, C, AB, AC, BC 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.
	0.37
	
	R-Squared
	0.9995

	Mean
	37.92
	
	Adj R-Squared
	0.9992

	C.V.
	0.98
	
	Pred R-Squared
	0.9985

	PRESS
	5.63
	
	Adeq Precision
	127.5271

	
	
	
	
	

	
	
	
	
	
	
	
	
	

	The "Pred R-Squared" of 0.9985 is in reasonable agreement with the "Adj R-Squared" of 0.9992.
	

	
	
	
	
	
	
	
	
	

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

of 127.527 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
	37.92
	1
	0.08
	37.75
	38.08
	

	Block 1
	-0.04
	2
	
	
	
	

	Block 2
	0.08
	
	
	
	
	

	
	-0.04
	
	
	
	
	

	A-Level
	2.67
	1
	0.08
	2.50
	2.83
	1

	B-RPM
	0.42
	1
	0.08
	0.25
	0.58
	1

	C-Time
	12.08
	1
	0.08
	11.92
	12.25
	1

	AB
	0.17
	1
	0.08
	0.00
	0.33
	1

	AC
	0.83
	1
	0.08
	0.67
	1.00
	1

	BC
	0.25
	1
	0.08
	0.09
	0.41
	1

	ABC
	0.00
	1
	0.08
	-0.16
	0.16
	1


	Final Equation in Terms of Coded Factors:

	
	
	
	

	
	Calories Burned
	 =
	

	
	37.92
	
	

	
	2.67
	 * A
	

	
	0.42
	 * B
	

	
	12.08
	 * C
	

	
	0.17
	 * A * B
	

	
	0.83
	 * A * C
	

	
	0.25
	 * B * C
	

	
	0.00
	 * A * B * C

	
	
	
	

	 Final Equation in Terms of Actual Factors:

	
	
	
	

	
	Level
	1
	

	
	Calories Burned
	 =
	

	
	5
	
	

	
	-0.05
	 * RPM
	

	
	3.8
	 * Time
	

	
	0.01
	 * RPM * Time

	
	
	
	

	
	Level
	2
	

	
	Calories Burned
	 =
	

	
	3
	
	

	
	-0.016666667
	 * RPM
	

	
	4.466666667
	 * Time
	

	
	0.01
	 * RPM * Time

	
	
	
	


	Diagnostics Case Statistics
	
	
	
	
	

	Standard
	Actual
	Predicted
	
	
	Student
	Cook's
	Outlier

	Order
	Value
	Value
	Residual
	Leverage
	Residual
	Distance
	t

	1
	24
	23.96
	0.042
	0.417
	0.147
	0.002
	0.142

	2
	24
	24.08
	-0.083
	0.417
	-0.295
	0.006
	-0.285

	3
	24
	23.96
	0.042
	0.417
	0.147
	0.002
	0.142

	4
	28
	27.29
	0.708
	0.417
	2.507
	0.449
	3.253

	
	
	
	
	
	
	
	

	5
	27
	27.42
	-0.417
	0.417
	-1.474
	0.155
	-1.546

	6
	27
	27.29
	-0.292
	0.417
	-1.032
	0.076
	-1.035

	7
	24
	23.96
	0.042
	0.417
	0.147
	0.002
	0.142

	8
	24
	24.08
	-0.083
	0.417
	-0.295
	0.006
	-0.285

	9
	24
	23.96
	0.042
	0.417
	0.147
	0.002
	0.142

	10
	28
	27.96
	0.042
	0.417
	0.147
	0.002
	0.142

	11
	28
	28.08
	-0.083
	0.417
	-0.295
	0.006
	-0.285

	12
	28
	27.96
	0.042
	0.417
	0.147
	0.002
	0.142

	13
	46
	45.96
	0.042
	0.417
	0.147
	0.002
	0.142

	14
	46
	46.08
	-0.083
	0.417
	-0.295
	0.006
	-0.285

	15
	46
	45.96
	0.042
	0.417
	0.147
	0.002
	0.142

	16
	52
	52.63
	-0.625
	0.417
	-2.212
	0.349
	-2.642

	17
	53
	52.75
	0.250
	0.417
	0.885
	0.056
	0.877

	18
	53
	52.63
	0.375
	0.417
	1.327
	0.126
	1.368

	19
	47
	46.96
	0.042
	0.417
	0.147
	0.002
	0.142

	20
	47
	47.08
	-0.083
	0.417
	-0.295
	0.006
	-0.285

	21
	47
	46.96
	0.042
	0.417
	0.147
	0.002
	0.142

	22
	54
	54.29
	-0.292
	0.417
	-1.032
	0.076
	-1.035

	23
	55
	54.42
	0.583
	0.417
	2.064
	0.304
	2.385

	24
	54
	54.29
	-0.292
	0.417
	-1.032
	0.076
	-1.035

	  Note: Predicted values include block corrections.
	
	
	
	

	
	
	
	
	
	
	
	

	Proceed to Diagnostic Plots (the next icon in progression).  Be sure to look at the:
	

	   1) Normal probability plot of the studentized residuals to check for normality of residuals.
	

	   2) Studentized residuals versus predicted values to check for constant error.
	
	

	   3) Outlier t versus run order to look for outliers, i.e., influential values.
	
	
	

	   4) Box-Cox plot for power transformations.
	
	
	
	

	
	
	
	
	
	
	
	

	If all the model statistics and diagnostic plots are OK, finish up with the Model Graphs icon.
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APPENDIX - 2

Response:Calories Burned
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
	0.083
	2
	0.042
	
	
	

	Model
	3697.833
	6
	616.306
	4823.26
	< 0.0001
	significant

	A
	170.667
	1
	170.667
	1335.65
	< 0.0001
	

	B
	4.167
	1
	4.167
	32.61
	< 0.0001
	

	C
	3504.167
	1
	3504.167
	27423.91
	< 0.0001
	

	AB
	0.667
	1
	0.667
	5.22
	0.0373
	

	AC
	16.667
	1
	16.667
	130.43
	< 0.0001
	

	BC
	1.500
	1
	1.500
	11.74
	0.0038
	

	Residual
	1.917
	15
	0.128
	
	
	

	Cor Total
	3699.833
	23
	
	
	
	


	The Model F-value of 4823.26 implies the model is significant.  There is only
	
	

	a 0.01% 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 A, B, C, AB, AC, BC 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.
	0.36
	
	R-Squared
	0.9995
	
	
	

	Mean
	37.92
	
	Adj R-Squared
	0.9993
	
	
	

	C.V.
	0.94
	
	Pred R-Squared
	0.9987
	
	
	

	PRESS
	4.91
	
	Adeq Precision
	139.1435
	
	
	

	
	
	
	
	
	
	
	

	The "Pred R-Squared" of 0.9987 is in reasonable agreement with the "Adj R-Squared" of 0.9993.

	
	
	
	
	
	
	
	

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

	ratio of 139.143 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
	37.92
	1
	0.07
	37.76
	38.07
	

	Block 1
	-0.04
	2
	
	
	
	

	Block 2
	0.08
	
	
	
	
	

	
	-0.04
	
	
	
	
	

	A-Level
	2.67
	1
	0.07
	2.51
	2.82
	1

	B-RPM
	0.42
	1
	0.07
	0.26
	0.57
	1

	C-Time
	12.08
	1
	0.07
	11.93
	12.24
	1

	AB
	0.17
	1
	0.07
	0.01
	0.32
	1

	AC
	0.83
	1
	0.07
	0.68
	0.99
	1

	BC
	0.25
	1
	0.07
	0.09
	0.41
	1


	Final Equation in Terms of Coded Factors:

	
	
	
	

	
	Calories Burned
	 =
	

	
	37.92
	
	

	
	2.67
	 * A
	

	
	0.42
	 * B
	

	
	12.08
	 * C
	

	
	0.17
	 * A * B
	

	
	0.83
	 * A * C
	

	
	0.25
	 * B * C
	

	
	
	
	

	 Final Equation in Terms of Actual Factors:

	
	
	
	

	
	Level
	1
	

	
	Calories Burned
	 =
	

	
	5
	
	

	
	-0.05
	 * RPM
	

	
	3.8
	 * Time
	

	
	0.01
	 * RPM * Time

	
	
	
	

	
	Level
	2
	

	
	Calories Burned
	 =
	

	
	3
	
	

	
	-0.016666667
	 * RPM
	

	
	4.466666667
	 * Time
	

	
	0.01
	 * RPM * Time


	Diagnostics Case Statistics
	
	
	
	
	

	Standard
	Actual
	Predicted
	
	
	Student
	Cook's
	Outlier

	Order
	Value
	Value
	Residual
	Leverage
	Residual
	Distance
	t

	1
	24
	23.96
	0.042
	0.375
	0.147
	0.001
	0.143

	2
	24
	24.08
	-0.083
	0.375
	-0.295
	0.006
	-0.286

	3
	24
	23.96
	0.042
	0.375
	0.147
	0.001
	0.143

	4
	28
	27.29
	0.708
	0.375
	2.507
	0.419
	3.176

	5
	27
	27.42
	-0.417
	0.375
	-1.474
	0.145
	-1.540

	6
	27
	27.29
	-0.292
	0.375
	-1.032
	0.071
	-1.035

	7
	24
	23.96
	0.042
	0.375
	0.147
	0.001
	0.143

	8
	24
	24.08
	-0.083
	0.375
	-0.295
	0.006
	-0.286

	9
	24
	23.96
	0.042
	0.375
	0.147
	0.001
	0.143

	10
	28
	27.96
	0.042
	0.375
	0.147
	0.001
	0.143

	11
	28
	28.08
	-0.083
	0.375
	-0.295
	0.006
	-0.286

	12
	28
	27.96
	0.042
	0.375
	0.147
	0.001
	0.143

	13
	46
	45.96
	0.042
	0.375
	0.147
	0.001
	0.143

	14
	46
	46.08
	-0.083
	0.375
	-0.295
	0.006
	-0.286

	15
	46
	45.96
	0.042
	0.375
	0.147
	0.001
	0.143

	16
	52
	52.63
	-0.625
	0.375
	-2.212
	0.326
	-2.603

	17
	53
	52.75
	0.250
	0.375
	0.885
	0.052
	0.878

	18
	53
	52.63
	0.375
	0.375
	1.327
	0.117
	1.365

	19
	47
	46.96
	0.042
	0.375
	0.147
	0.001
	0.143

	20
	47
	47.08
	-0.083
	0.375
	-0.295
	0.006
	-0.286

	21
	47
	46.96
	0.042
	0.375
	0.147
	0.001
	0.143

	22
	54
	54.29
	-0.292
	0.375
	-1.032
	0.071
	-1.035

	23
	55
	54.42
	0.583
	0.375
	2.064
	0.284
	2.357

	24
	54
	54.29
	-0.292
	0.375
	-1.032
	0.071
	-1.035

	  Note: Predicted values include block corrections.
	
	
	
	

	
	
	
	
	
	
	
	

	Proceed to Diagnostic Plots (the next icon in progression).  Be sure to look at the:
	
	

	   1) Normal probability plot of the studentized residuals to check for normality of residuals.
	

	   2) Studentized residuals versus predicted values to check for constant error.
	
	

	   3) Outlier t versus run order to look for outliers, i.e., influential values.
	
	
	

	   4) Box-Cox plot for power transformations.
	
	
	
	

	
	
	
	
	
	
	
	

	If all the model statistics and diagnostic plots are OK, finish up with the Model Graphs icon.
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Contour Plots:
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