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Regression Analysis – Fall 2011
Caloric Values in Common Chipotle Ingredients

Introduction

This project studies the relationship of calories and nutritional values of common ingredients used at Chipotle.  The goal is to find the significant nutritional values that develop the model with the best fit.  The analysis looks at eight potential explanatory variables.  

Data

The data for the regression analysis was found at the Chipotle website.  I substituted 0.5 for any values listed as less than 1 (<1).

http://www.chipotle.com/en-US/menu/nutritional_information/nutritional_information.aspx
Variables and Corresponding Equations

The initial formula consists of eight explanatory variables with a least squares coefficient for each, and the intercept.  The regression equation is attempting to predict the number of calories based on the eight nutritional values - Total Fat, Saturated Fat, Cholesterol, Sodium, Carbohydrates, Dietary Fiber, Sugars, and Protein, respectively.
Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8
Hypothesis

The null hypothesis is that all least squares coefficients are equal to zero.

β1 = β2= β3 = β4 = β5 = β6 = β7 = β8 = 0
Analysis

All regression was completed using Microsoft Excel’s regression analysis tool.  The analysis begins with all eight of the nutritional values:
Initial Formula - Eight Explanatory Variables
	Regression Statistics
	
	
	

	Multiple R
	0.999483963
	
	
	

	R Square
	0.998968192
	
	
	

	Adjusted R Square
	0.998378587
	
	
	

	Standard Error
	5.002470274
	
	
	

	Observations
	23
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	8
	339195.3063
	42399.41328
	1694.301962

	Residual
	14
	350.3459237
	25.02470884
	

	Total
	22
	339545.6522
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-0.15607010
	2.25966176
	-0.06906790
	0.94591239

	Total Fat (g)
	8.69849335
	0.41113161
	21.15744234
	0.00000000

	Saturated Fat (g)
	1.29770336
	1.23814012
	1.04810703
	0.31234740

	Cholesterol (mg)
	0.03481865
	0.14460223
	0.24078916
	0.81320901

	Sodium (mg)
	-0.00520832
	0.00883527
	-0.58949171
	0.56492402

	Carbohydrates (g)
	4.24399718
	0.11743599
	36.13881126
	0.00000000

	Dietary Fiber (g)
	-1.05768563
	0.41625555
	-2.54095261
	0.02352646

	Sugars (g)
	-0.34175962
	0.94322060
	-0.36233265
	0.72251459

	Protein (g)
	4.02667048
	0.45959423
	8.76136003
	0.00000047


The analysis produces the following equation:
Y = -0.1561 + 8.6985X1 + 1.2977X2 + 0.0348X3 – 0.0052X4 + 4.2440X5 – 1.0577X6 – 0.3418X7 + 4.0267X8
The R Square value of the model is 99.897%, meaning that the eight variables account for 99.897% of the variance of Y about the mean of Y.  In order to refine the model, the Cholesterol variable will be removed because it has the highest P-value.  Variables with P-values that are not close to zero are not good indicators for our model.
Formula - Seven Explanatory Variables
	Regression Statistics
	
	
	

	Multiple R
	0.999481825
	
	
	

	R Square
	0.998963919
	
	
	

	Adjusted R Square
	0.998480414
	
	
	

	Standard Error
	4.842842428
	
	
	

	Observations
	23
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	7
	339193.8553
	48456.26505
	2066.090111

	Residual
	15
	351.7968418
	23.45312278
	

	Total
	22
	339545.6522
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-0.18152910
	2.18516039
	-0.08307358
	0.93489152

	Total Fat (g)
	8.66609259
	0.37609103
	23.04254012
	0.00000000

	Saturated Fat (g)
	1.47401820
	0.96654936
	1.52503148
	0.14805651

	Sodium (mg)
	-0.00613881
	0.00769183
	-0.79809501
	0.43726890

	Carbohydrates (g)
	4.23866814
	0.11165151
	37.96337623
	0.00000000

	Dietary Fiber (g)
	-1.07554898
	0.39652131
	-2.71246198
	0.01605243

	Sugars (g)
	-0.25676755
	0.84677469
	-0.30323007
	0.76587957

	Protein (g)
	4.13012510
	0.15797771
	26.14372041
	0.00000000


The analysis produces the following equation:

Y = -0.1815 + 8.6661X1 + 1.4740X2 – 0.0061X3 + 4.2387X4 – 1.0755X5 – 0.2568X6 + 4.1301X7
The R Square value of the model is 99.896%, meaning that the seven variables account for 99.896% of the variance of Y about the mean of Y.  The new R Square value did not lose much from the initial model (99.897%), and the F value has increased from 1694 to 2066.  In order to refine the model, the Sugars variable will be removed because it has the highest P-value.  

Formula - Six Explanatory Variables
	Regression Statistics
	
	
	

	Multiple R
	0.999478648
	
	
	

	R Square
	0.998957568
	
	
	

	Adjusted R Square
	0.998566656
	
	
	

	Standard Error
	4.703411798
	
	
	

	Observations
	23
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	6
	339191.6989
	56531.94981
	2555.453344

	Residual
	16
	353.9533206
	22.12208254
	

	Total
	22
	339545.6522
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-0.39161757
	2.01274826
	-0.19456858
	0.84817974

	Total Fat (g)
	8.58575593
	0.25924768
	33.11796615
	0.00000000

	Saturated Fat (g)
	1.59836449
	0.85004823
	1.88032212
	0.07839615

	Sodium (mg)
	-0.00760963
	0.00579779
	-1.31250622
	0.20786617

	Carbohydrates (g)
	4.25856049
	0.08774539
	48.53315402
	0.00000000

	Dietary Fiber (g)
	-1.07655740
	0.38509149
	-2.79558864
	0.01295874

	Protein (g)
	4.16307332
	0.11137402
	37.37921513
	0.00000000


The analysis produces the following equation:

Y = -0.3916 + 8.5858X1 + 1.5984X2 – 0.0076X3 + 4.2586X4 – 1.0766X5 + 4.1631X6 
The R Square value of the model is 99.896%, meaning that the six variables account for 99.896% of the variance of Y about the mean of Y.  The new R Square value did not lose much from the seven variable model (99.896%), and the F value has increased from 2066 to 2555.  In order to refine the model, the Sodium variable will be removed because it has the highest P-value.  

Formula - Five Explanatory Variables
	Regression Statistics
	
	
	

	Multiple R
	0.999422499
	
	
	

	R Square
	0.998845332
	
	
	

	Adjusted R Square
	0.998505724
	
	
	

	Standard Error
	4.802342723
	
	
	

	Observations
	23
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	5
	339153.5897
	67830.71795
	2941.1699

	Residual
	17
	392.0624256
	23.06249563
	

	Total
	22
	339545.6522
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-1.78825888
	1.74439719
	-1.02514433
	0.31966209

	Total Fat (g)
	8.46698949
	0.24805288
	34.13380834
	0.00000000

	Saturated Fat (g)
	1.84166564
	0.84703940
	2.17423847
	0.04409964

	Carbohydrates (g)
	4.24769832
	0.08919164
	47.62440234
	0.00000000

	Dietary Fiber (g)
	-1.05809864
	0.39292916
	-2.69284837
	0.01540321

	Protein (g)
	4.10691319
	0.10498949
	39.11737610
	0.00000000


The analysis produces the following equation:

Y = -1.7883 + 8.4670X1 + 1.8417X2 + 4.2477X3 – 1.0581X4 + 4.1069X5 

The R Square value of the model is 99.885%, meaning that the five variables account for 99.885% of the variance of Y about the mean of Y.  The new R Square value did not lose much from the six variable model (99.896%), and the F value has increased from 2555 to 2941.  In order to refine the model, the Saturated Fat variable will be removed because it has the highest P-value.  

Formula - Four Explanatory Variables
	Regression Statistics
	
	
	

	Multiple R
	0.99926185
	
	
	

	R Square
	0.998524245
	
	
	

	Adjusted R Square
	0.9981963
	
	
	

	Standard Error
	5.276183698
	
	
	

	Observations
	23
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	4
	339044.5661
	84761.14153
	3044.787455

	Residual
	18
	501.0860594
	27.83811441
	

	Total
	22
	339545.6522
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-0.37080123
	1.77763953
	-0.20859191
	0.83710906

	Total Fat (g)
	8.86311242
	0.18494645
	47.92258838
	0.00000000

	Carbohydrates (g)
	4.20427271
	0.09550355
	44.02216341
	0.00000000

	Dietary Fiber (g)
	-1.26509417
	0.41883577
	-3.02050172
	0.00735009

	Protein (g)
	4.12604526
	0.11494281
	35.89650508
	0.00000000


The analysis produces the following equation:

Y = -0.3708 + 8.8631X1 + 4.2043X2 – 1.2651X3 + 4.1260X4
The R Square value of the model is 99.852%, meaning that the four variables account for 99.852% of the variance of Y about the mean of Y.  The new R Square value did not lose much from the five variable model (99.885%), and the F value has increased from 2941 to 3045.  The model may have reached the best fit as all variables have P-values close to zero, but we will remove the Dietary Fiber variable to confirm. 

Formula - Three Explanatory Variables
	Regression Statistics
	
	
	

	Multiple R
	0.998887505
	
	
	

	R Square
	0.997776248
	
	
	

	Adjusted R Square
	0.99742513
	
	
	

	Standard Error
	6.303988571
	
	
	

	Observations
	23
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	3
	338790.587
	112930.1957
	2841.706668

	Residual
	19
	755.0651661
	39.7402719
	

	Total
	22
	339545.6522
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-2.01447995
	2.02196056
	-0.99630032
	0.33162436

	Total Fat (g)
	8.96849802
	0.21700645
	41.32825578
	0.00000000

	Carbohydrates (g)
	4.04538885
	0.09523976
	42.47583823
	0.00000000

	Protein (g)
	4.14548509
	0.13711831
	30.23290596
	0.00000000


The analysis produces the following equation:

Y = -2.0145 + 8.9685X1 + 4.0454X2 + 4.1455X3
The R Square value of the model is 99.778%, meaning that the three variables account for 99.778% of the variance of Y about the mean of Y.  The new R Square value did not lose much from the four variable model (99.852%).  However, the F value has decreased from 3045 to 2842.  
Conclusion
The four variable model on page 6 gave the best fit for our analysis.  The formula for the model is:

Y = -0.3708 + 8.8631X1 + 4.2043X2 – 1.2651X3 + 4.1260X4
The four explanatory variables ended as Total Fat, Carbohydrates, Dietary Fiber, and Protein.  All explanatory values have a P-value very near to zero, meaning that we can reject our null hypothesis that all least squares coefficients are equal to zero.  Total Fat has the most influence, followed by Carbohydrates and Protein.  Dietary Fiber opposes the other variables with less influence, decreasing the Caloric value as it increases.
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