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Introduction
Often times as a kid, if not distracted by the free toy inside label, I remember staring aimlessly at the nutritional information at the back of the cereal boxes during my 10 minute breakfast sessions. Now as a 22 year old, and to date finding the habit intact, it was about time I made something useful out of it.
I will regress Calories per bar (response variable) against the six explanatory variables of Total Fat (g), Saturated Fat (g), Sodium (mg), Carbs (g), Sugars (g) and Proteins (g).

Hypothesis
I will test the theory that a linear model for calories per bar, using one or more of the defined explanatory variables, will produce a statistically significant result.

Data

Data Source:  http://caloriecount.about.com/kelloggs-nutrition-m592
I chose 10 of Kellogg’s numerous bar products, with the nutritional information outlined as under:
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	Calories
	Total Fat (g)
	Saturated Fat (g)
	Sodium (mg)
	Carbs (g)
	Sugars (g)
	Protein (g)

	Special K bars Peaches & Berries
	90
	2
	1
	85
	18
	9
	1

	Nutri-Grain Cereal Bars Raspberry
	140
	3
	0.5
	105
	26
	13
	1

	Nutri-Grain Apple
	130
	3
	*
	*
	25.2
	*
	1.5

	Nutri-Grain Mixed berry
	130
	3
	0.5
	*
	23
	12
	2

	Fiber Plus Chocolate Chip
	120
	4
	2
	55
	26
	7
	2

	Nutri-Grain Cereal Bars Apple Cinnamon
	140
	3
	0.5
	105
	26
	13
	1

	Rice Krispies Treats Split Stix Original
	120
	*
	*
	80
	20
	12
	1

	Nutri-Grain Cherry
	133
	3.3
	*
	*
	25.2
	*
	1.5

	Frosties Cereal & Milk Bars
	103
	2.8
	2
	88
	18
	8
	1.8

	Calories in Rice Krispies Treats Split Stix Chocolatey
	130
	5
	3
	95
	19
	11
	1


Table 1: Nutrition Facts and Information per bar
Assumptions

· Measures marked with an asterisk have not been provided. However for the purpose of the study, I have assumed them to be zero.

· In rationale of a linear regression, I assumed the error term of the response variable, and those of the explanatory variables to be distributed normally, linearly, having constant mean and variance, measured independent of other variables and without error.
· In order for the variables to be normally distributed, it is required that zero skewness is observed in their respective data sets. In other words (Median - Lower Quartile) / (Upper Quartile - Median) for each of the variables should equal 1.

Using the data from Table1:

	Variable
	(M – LQ)/(UQ-M)

	Calories
	4.44

	Total Fat
	0

	Saturated Fat
	0.5

	Carbs
	2.85

	Sodium
	0.46

	Sugars
	3.67

	Protein
	0.53


As apparent, none of the variables have data acceptable as is. Therefore, the variables have been transformed as under:  
	Variable
	Transformation  

(2 Decimal Places)

	Calories
	Cl ^ 35.67

	Saturated Fat
	Ln(SF)

	Carbs
	Cb ^ 11.09

	Sodium
	Sd ^ 5.54

	Sugars
	Sg ^ 2.58

	Protein
	P ^ (4.31E+13)


As no tested transformation of Total Fat lead (M-LQ)/(UQ-M) to equal 1, I decided to eliminate this variable.
Regression Equation and Procedure

The regression equation is defined as:
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Where:
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  = Intercept
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= Slope for variable i

Response Variable:         [image: image8.png]


  = Calories 
Explanatory Variables:   [image: image10.png]


= Total Fat 



          [image: image12.png]


= Saturated Fat 
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= Carbs
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= Sodium
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= Sugar
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= Protein

The Regression Analysis tool present in Excel was used for running the regressions on the models.
Model 1
The first model uses the untransformed response and explanatory variables (all six) in order to compare with the regression for the transformed response and explanatory variables (remaining five) that has been performed in Model 2, to determine the better predictors of calories based on the nutrients.

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.876369179
	
	
	
	
	
	
	

	R Square
	0.768022938
	
	
	
	
	
	
	

	Adjusted R Square
	0.304068815
	
	
	
	
	
	
	

	Standard Error
	13.41808966
	
	
	
	
	
	
	

	Observations
	10
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	6
	1788.264609
	298.0441016
	1.655385521
	0.364016755
	
	
	

	Residual
	3
	540.1353906
	180.0451302
	
	
	
	
	

	Total
	9
	2328.4
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	62.56284294
	43.24178717
	1.44681446
	0.24374546
	-75.05182285
	200.1775087
	-75.05182285
	200.1775

	X 1 Total Fat
	3.291584389
	9.782067243
	0.336491695
	0.758662988
	-27.83931936
	34.42248814
	-27.83931936
	34.42249

	X 2 Sat. Fat
	0.979412713
	16.33577165
	0.059955093
	0.955961867
	-51.0083034
	52.96712882
	-51.0083034
	52.96713

	X 3 Carbs
	-0.201636242
	0.282759266
	-0.713102158
	0.527247651
	-1.101502422
	0.698229938
	-1.101502422
	0.69823

	X 4 Sodium
	3.296440487
	2.829698364
	1.164944126
	0.328251952
	-5.708922617
	12.30180359
	-5.708922617
	12.3018

	X 5 Sugar 
	1.519721475
	1.315469523
	1.155269239
	0.331641097
	-2.666689648
	5.706132599
	-2.666689648
	5.706133

	X 6 Protein
	-17.86995586
	20.23892248
	-0.882949963
	0.442284563
	-82.27923992
	46.53932821
	-82.27923992
	46.53933

	
	
	
	
	
	
	
	
	


The R square for a model measures as a percentage the dependency of the response variable explained by movements in the measures of explanatory variables. The R square for this model comes to 76.8%, with the adjusted R square coming to 30.4% indicating the six explanatory variables together are poor predictors of calories. 
The regression equation is 
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Model 2

This model uses the transformed measures of the remaining five explanatory variables and the transformed response variable to determine the best predictors of calories. The results of this model will be compared with those of Model 1 to judge the better interpreters, as well as to see how to improve upon the regression equation.
	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.995590032
	
	
	
	
	
	
	

	R Square
	0.991199512
	
	
	
	
	
	
	

	Adjusted R Square
	0.980198902
	
	
	
	
	
	
	

	Standard Error
	2.08757E+75
	
	
	
	
	
	
	

	Observations
	10
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	5
	1.9633E+153
	3.9267E+152
	90.10405141
	0.000335861
	
	
	

	Residual
	4
	1.7432E+151
	4.3579E+150
	
	
	
	
	

	Total
	9
	1.9808E+153
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-4.72887E+75
	1.89326E+75
	-2.497745346
	0.066927639
	-9.9854E+75
	5.2765E+74
	-9.9854E+75
	5.2765E+74

	X 2 Sat. Fat
	-7.34815E+75
	1.5249E+75
	-4.818772763
	0.008530636
	-1.1582E+76
	-3.11435E+75
	-1.1582E+76
	-3.11435E+75

	X 3 Carbs
	1.74137E+65
	2.12929E+64
	8.178169749
	0.001217395
	1.15018E+65
	2.33255E+65
	1.15018E+65
	2.33255E+65

	X 4 Sodium
	2.18652E+60
	4.21455E+59
	5.188022625
	0.006569967
	1.01637E+60
	3.35667E+60
	1.01637E+60
	3.35667E+60

	X 5 Sugar
	-8.24733E+71
	4.42239E+72
	-0.186490138
	0.861136646
	-1.31033E+73
	1.14538E+73
	-1.31033E+73
	1.14538E+73

	X 6 Protein
	-1.94084E+75
	2.28307E+75
	-0.850098572
	0.443160728
	-8.27967E+75
	4.39799E+75
	-8.27967E+75
	4.39799E+75

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


The regression equation is:
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A regression of the transformed response variable against the transformed explanatory variables yields unusually high and low coefficients for the explanatory variables and intercept. But in comparison to Model 1, R Square improved significantly to 99.11% and the adjusted R Square more than triples to 98% from 30.4% of Model 1. The F-Test also exhibits a vast increase from 1.655 to 90.104, confirming the use of transformed variables and the elimination of Total Fat to result in a better model. 
Now, evaluating the results of the five explanatory variables, we see that Sugar has the highest    p-value of 0.8611 while Saturated Fats has the lowest t-stat. Based on the p-values, I decide to eliminate Sugar first.
Model 3
With Sugar and Total Fats removed, I will now regress Calories against the remaining 4 explanatory variables.

	
	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	
	

	Multiple R
	0.995552
	
	
	
	
	
	
	
	

	R Square
	0.991123
	
	
	
	
	
	
	
	

	Adjusted R Square
	0.984021
	
	
	
	
	
	
	
	

	Standard Error
	1.88E+75
	
	
	
	
	
	
	
	

	Observations
	10
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	
	

	Regression
	4
	2E+153
	4.9E+152
	139.5633
	2.58E-05
	
	
	
	

	Residual
	5
	1.8E+151
	3.5E+150
	
	
	
	
	
	

	Total
	9
	2E+153
	 
	 
	 
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%
	

	Intercept
	-5E+75
	1.27E+75
	-3.90535
	0.011348
	-8.2E+75
	-1.7E+75
	-8.2E+75
	-1.7E+75
	

	X 2 Sat. Fat
	-7.2E+75
	1.11E+75
	-6.44368
	0.001339
	-1E+76
	-4.3E+75
	-1E+76
	-4.3E+75
	

	X 3 Carbs
	1.72E+65
	1.68E+64
	10.23072
	0.000153
	1.29E+65
	2.16E+65
	1.29E+65
	2.16E+65
	

	X 4 Sodium
	2.21E+60
	3.55E+59
	6.226757
	0.001563
	1.3E+60
	3.13E+60
	1.3E+60
	3.13E+60
	

	X 6 Protein
	-2E+75
	1.98E+75
	-1.03302
	0.348948
	-7.1E+75
	3.05E+75
	-7.1E+75
	3.05E+75
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


The regression equation becomes
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The elimination of Sugar caused the adjusted R Square to improve to 98.4% and the F Stat to jump to 139.56, indicating Model 3 to be of better fit than Model 2. Looking at the explanatory variables, we see that Protein has the highest p-value of 0.349 while Saturated Fat has the lowest t-stat of -6.44. Following the method of elimination from Model 2, I decide to eliminate Protein next.

Model 4  
After eliminating Total Fat, Sugar and Protein, I will now regress Calories against the remaining 3 explanatory variables.

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.9946
	
	
	
	
	
	
	

	R Square
	0.989228
	
	
	
	
	
	
	

	Adjusted R Square
	0.983843
	
	
	
	
	
	
	

	Standard Error
	1.89E+75
	
	
	
	
	
	
	

	Observations
	10
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	3
	2E+153
	6.5E+152
	183.6735
	2.72E-06
	
	
	

	Residual
	6
	2.1E+151
	3.6E+150
	
	
	
	
	

	Total
	9
	2E+153
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-5.7E+75
	1.08E+75
	-5.24059
	0.001937
	-8.3E+75
	-3E+75
	-8.30884E+75
	-3.01948E+75

	X 2 Sat. Fat
	-7E+75
	1.11E+75
	-6.32632
	0.000729
	-9.7E+75
	-4.3E+75
	-9.73628E+75
	-4.30525E+75

	X 3 Carbs
	1.59E+65
	1.05E+64
	15.05552
	5.41E-06
	1.33E+65
	1.84E+65
	1.32856E+65
	1.84421E+65

	X 4 Sodium
	2.39E+60
	3.11E+59
	7.690216
	0.000253
	1.63E+60
	3.16E+60
	1.6323E+60
	3.15581E+60


The regression equation becomes
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Contrary to the previous models, these results show a slight decrease in adjusted R Square to 98.38% from 98.4% in Model 3. However, the F Stat has shown an increase yet again to 183.67 from 139.56, indicating Model 4 to be better than Model 3. The p-values of Saturated Fats, Carbs and Sodium all round to 0, further directing preference to Model 4.
Model 5

In order to further examine the better fit of Model 4, I decided to remove Sodium having the highest p-value.
	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.763084
	
	
	
	
	
	
	

	R Square
	0.582298
	
	
	
	
	
	
	

	Adjusted R Square
	0.462954
	
	
	
	
	
	
	

	Standard Error
	1.09E+76
	
	
	
	
	
	
	

	Observations
	10
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	2
	1.2E+153
	5.8E+152
	4.879171
	0.047101
	
	
	

	Residual
	7
	8.3E+152
	1.2E+152
	
	
	
	
	

	Total
	9
	2E+153
	 
	
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	1.64E+75
	5.57E+75
	0.295134
	0.776453
	-1.2E+76
	1.48E+76
	-1.2E+76
	1.48E+76

	X 2 Sat. Fats
	-1E+76
	6.27E+75
	-1.65242
	0.142429
	-2.5E+76
	4.46E+75
	-2.5E+76
	4.46E+75

	X 3 Carbs
	3.12E+60
	1.77E+60
	1.758445
	0.122079
	-1.1E+60
	7.31E+60
	-1.1E+60
	7.31E+60

	
	
	
	
	
	
	
	
	


Eliminating one more explanatory variable not only results in decreases for R Square, Adjusted R Square and F-Stat, but also increases the p-values of Saturated Fats and Carbs. These outcomes wipe out the need to carry out any further regressions.
Conclusion

Based on the results of regression of the five Models, we can conclude that Model 4 with the regression equation of
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provides the best fit in terms of predicting Calories using the transformed explanatory variables of Saturated Fats, Carbs and Sodium. The R- Square of this model, although demonstrating a fall from that of Model 3, approaches very near to 100%. The removal of any further explanatory variables will not only significantly decrease the R-Square but also bring the F-Stat to a very low measure.
Based on these grounds, it stands fair to accept the null hypothesis supported by the predictability of Model 4. 
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