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Regression Analysis Project

Spring 2012 May 14, 2012 – July 6, 2012


Applebee’s Nutritional Information Analysis

Objective

This project studies the relationship of calories and nutritional values of common ingredients used at Ultimate Trios menu at Applebee’s Restaurant.  The goal is to find the significant nutritional values that develop the model with the best fit.  The data for this project is sourced from the Applebee’s website.  Number of calories will be the dependent variable and seven other nutritional measurements will be used as the independent variables.  Regression analysis will be performed on the available data, utilizing a 95% confidence interval for Ordinary Least Squares regression.
Data
Nutritional information for 20 Ultimate Trios menu at Applebee was collected: http://www.applebees.com/~/media/docs/Applebees_Nutritional_Info.pdf
	ULTIMATE TRIOS - Listed as served unless otherwise indicated
	Cals (Kcal)
	Tot Fat(g)
	Sat Fat(g)
	Trans Fat(g)
	Sod(mg)
	Carb(g)
	Fiber(g)
	Prot(g)

	Trios Cheeseburger Sliders
	860
	56
	17
	2
	1530
	56
	2
	34

	Trios Cheese Quesadilla Grande
	650
	44
	16
	0.5
	1720
	43
	3
	20

	Trios Chicken Quesadilla Grande
	730
	46
	16
	0.5
	2130
	44
	4
	62

	Trios Steak Quesadilla Towers
	630
	39
	16
	0.5
	1930
	38
	2
	31

	Trios Mozzarella Sticks
	420
	21
	9
	0.5
	1270
	39
	1
	19

	Trios Boneless Wings, Classic Buffalo
	580
	35
	8
	0
	1900
	33
	4
	35

	Trios Boneless Wings, Hot Buffalo
	590
	35
	8
	0
	1950
	34
	4
	35

	Trios Boneless Wings, Honey BBQ
	620
	28
	5
	0
	1530
	58
	4
	35

	Trios Boneless Wings, Southern BBQ
	550
	28
	5
	0
	1390
	42
	4
	35

	Trios Boneless Wings, Sweet & spicy sauce
	570
	28
	5
	0
	1700
	45
	4
	36

	Trios Classic Wings, Classic Buffalo
	360
	25
	7
	0
	1040
	4
	1
	30

	Trios Classic Wings, Hot Buffalo
	360
	25
	7
	0
	1090
	4
	1
	30

	Trios Classic Wings, Honey BBQ
	400
	17
	4.5
	0
	670
	29
	1
	31

	Trios Classic Wings, Southern BBQ
	330
	17
	4.5
	0
	530
	13
	1
	30

	Trios Classic Wings, Sweet & spicy sauce
	350
	18
	4.5
	0
	830
	16
	1
	31

	  Trios Wings Ranch Dipping Sauce
	200
	21
	3.5
	0
	310
	1
	0
	1

	  Trios Wings Bleu Cheese Dipping Sauce
	240
	26
	5
	0
	260
	1
	0
	2

	Trios Spinach Artichoke Dip
	580
	41
	10
	0
	940
	43
	7
	15

	Trios Grilled Chicken Wonton Tacos
	430
	18
	3.5
	0
	1520
	43
	3
	25

	Trios Spicy Queso Blanco
	500
	31
	11
	1
	1100
	42
	4
	14


Ordinary Least Squares Regression will be performed, using a 95% confidence interval.  The dependent variable will be the number of calories associated with each type of Ultimate Trios and the independent variables will be the corresponding nutritional information (total fat, saturated fat, trans fat, sodium, carbohydrates, fiber, and protein).  The following will be the utilized equation:

Y = A + B1X1 + B2X2 + B3X3 + B4X4 + B5X5 + B6X6 + B7X7

Y = Calories

A = Intercept

X1 = Total Fat (g)

X2 = Saturated Fat (g)

X3 = Trans Fat (g)

X4 = Sodium (mg)

X5 = Carbohydrates (g)

X6 = Fiber (g)

X7 = Protein (g)

Multi-Variable Analysis: Model #1

All seven independent variables were utilized in the first regression. The results are below:

	Regression Statistics

	Multiple R
	0.9949

	R Square
	0.9899

	Adjusted R Square
	0.9839

	Standard Error
	21.2510

	Observations
	20.0000


	ANOVA
	
	
	
	
	

	 
	Df
	SS
	MS
	F
	Significance F

	Regression
	7.0000
	528555.7490
	75507.9641
	167.1994
	0.0000

	Residual
	12.0000
	5419.2510
	451.6043
	
	

	Total
	19.0000
	533975.0000
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	33.1753
	20.4278
	1.6240
	0.1303

	Tot Fat(g)
	8.7304
	1.2154
	7.1832
	0.0000

	Sat Fat(g)
	-2.6319
	2.6970
	-0.9759
	0.3484

	Trans Fat(g)
	10.6276
	21.9147
	0.4850
	0.6364

	Sod(mg)
	0.0203
	0.0188
	1.0797
	0.3015

	Carb(g)
	4.1937
	0.6218
	6.7450
	0.0000

	Fiber(g)
	-4.3189
	5.6866
	-0.7595
	0.4622

	Prot(g)
	2.7449
	0.5124
	5.3569
	0.0002


The following equation is produced:

Y = 33.1753 + 8.7304X1 – 2.6319X2 + 10.6276X3 + 0.0203X4 + 4.1937X5 – 4.3189X6 + 2.7449X7
The coefficients for each variable represent the effect that variable has on the response variable while controlling effects of the other explanatory variables in the model.  The R2, 98.99%, measures the proportion of the total variation in the response variable that is explained by all of the explanatory variables, through the multiple regression model.  The adjusted R Square is 98.39%, suggesting that the seven independent variables used in the regression are very good factors for predicting caloric content.  F-Ratio associated to this regression is 167.1994. Trans Fat has the highest p-value, which may indicate that it is not the best indicator of caloric content in the beverages.  The model is then re-run without Trans Fat as an explanatory variable.
Adjusted Multi-Variable: Model #2

Excluding Trans Fat from the analysis, the following results are produced:
	Regression Statistics

	Multiple R
	0.9948

	R Square
	0.9897

	Adjusted R Square
	0.9849

	Standard Error
	20.6164

	Observations
	20.0000


	ANOVA
	
	
	
	
	

	 
	Df
	SS
	MS
	F
	Significance F

	Regression
	6.0000
	528449.5402
	88074.9234
	207.2179
	0.0000

	Residual
	13.0000
	5525.4598
	425.0354
	
	

	Total
	19.0000
	533975.0000
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	28.0185
	16.9210
	1.6558
	0.1217

	Tot Fat(g)
	8.9641
	1.0824
	8.2816
	0.0000

	Sat Fat(g)
	-2.2133
	2.4788
	-0.8929
	0.3882

	Sod(mg)
	0.0165
	0.0166
	0.9952
	0.3378

	Carb(g)
	4.4044
	0.4315
	10.2060
	0.0000

	Fiber(g)
	-6.0532
	4.2892
	-1.4113
	0.1817

	Prot(g)
	2.7430
	0.4971
	5.5180
	0.0001


The following adjusted equation is produced:

Y = 28.0185 + 8.9641X1 – 2.2133X2 + 0.0165X4 + 4.4044X5 - 6.0532X6 + 2.7430X7
Using this 6 variable adjusted model, the R square has barely changed compared to model #1, and the adjusted R Square has increased slightly (98.39% to 98.49%).  F-Ratio also increased from 167.1994 to 207.2179.  The P-values for Saturated Fat and Sodium have slightly increased and the P-values for rest variables have decreased.  The P-value for Saturated Fat is still high, so we will re-run the model again by omitting another explanatory variable, Saturated Fat.

Adjusted Multi-Variable: Model #3
Excluding Saturated Fat from the analysis, the following results are produced:
	Regression Statistics

	Multiple R
	0.9945

	R Square
	0.9890

	Adjusted R Square
	0.9851

	Standard Error
	20.4665

	Observations
	20.0000


	ANOVA
	
	
	
	
	

	 
	Df
	SS
	MS
	F
	Significance F

	Regression
	5.0000
	528110.6924
	105622.1385
	252.1542
	0.0000

	Residual
	14.0000
	5864.3076
	418.8791
	
	

	Total
	19.0000
	533975.0000
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	34.7709
	15.0269
	2.3139
	0.0364

	Tot Fat(g)
	8.1404
	0.5620
	14.4857
	0.0000

	Sod(mg)
	0.0130
	0.0160
	0.8155
	0.4284

	Carb(g)
	4.3397
	0.4223
	10.2754
	0.0000

	Fiber(g)
	-4.1538
	3.6974
	-1.1234
	0.2802

	Prot(g)
	2.7848
	0.4913
	5.6684
	0.0001


The following equation is produced:

Y = 34.7709 + 8.2404X1 + 0.0130X4 + 4.3397X5 – 4.1538X6 + 2.7848X7
Using this 5 variable adjusted model, the R square has slightly decreased (98.97% to 98.90%), and the adjusted R Square has increased slightly (98.49% to 98.51%).  F-Ratio also increased from 207.2179 to 252.1542.  The P-values for Sodium and Fiber have increased and the P-values for rest variables are closed to zero  The P-value for Sodium is still high, so we will re-run the model again by omitting another explanatory variable, Sodium.

Adjusted Multi-Variable: Model #4
Excluding Sodium from the analysis, the following results are produced:
	Regression Statistics

	Multiple R
	0.9942

	R Square
	0.9885

	Adjusted R Square
	0.9854

	Standard Error
	20.2367

	Observations
	20.0000


	ANOVA
	
	
	
	
	

	 
	Df
	SS
	MS
	F
	Significance F

	Regression
	4.0000
	527832.1238
	131958.0309
	322.2221
	0.0000

	Residual
	15.0000
	6142.8762
	409.5251
	
	

	Total
	19.0000
	533975.0000
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	34.7588
	14.8582
	2.3394
	0.0336

	Tot Fat(g)
	8.3064
	0.5179
	16.0390
	0.0000

	Carb(g)
	4.4657
	0.3887
	11.4894
	0.0000

	Fiber(g)
	-3.8417
	3.6363
	-1.0565
	0.3075

	Prot(g)
	3.0322
	0.3821
	7.9359
	0.0000


The following equation is produced:

Y = 34.7588 + 8.3064X1 + 4.4657X5 – 3.8417X6 + 3.0322X7
Using this 4 variable adjusted model, the R square has slightly decreased (98.90% to 98.85%), and the adjusted R Square has increased slightly (98.51% to 98.54%).  F-Ratio also increased from 252.1542 to 322.2221.  The P-value for Fiber has increased and the P-values for rest variables are closed to zero.  The P-value for Fiber is still high, so we will re-run the model again by omitting another explanatory variable, Fiber.
Adjusted Multi-Variable: Model #5
Excluding Fiber from the analysis, the following results are produced:
	Regression Statistics

	Multiple R
	0.9938

	R Square
	0.9876

	Adjusted R Square
	0.9853

	Standard Error
	20.3101

	Observations
	20.0000


	ANOVA
	
	
	
	
	

	 
	Df
	SS
	MS
	F
	Significance F

	Regression
	3.0000
	527375.0114
	175791.6705
	426.1624
	0.0000

	Residual
	16.0000
	6599.9886
	412.4993
	
	

	Total
	19.0000
	533975.0000
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	35.4237
	14.8987
	2.3776
	0.0302

	Tot Fat(g)
	8.2107
	0.5117
	16.0444
	0.0000

	Carb(g)
	4.2298
	0.3193
	13.2463
	0.0000

	Prot(g)
	3.0254
	0.3834
	7.8905
	0.0000


The following equation is produced:

Y = 35.4237 + 8.2107X1 + 4.2298X5 + 3.0254X7

Using this 3 variable adjusted model, the R square has slightly decreased (98.85% to 98.76%), and the adjusted R Square has also slightly decreased (98.54% to 98.53%).  F-Ratio has increased from 322.2221 to 426.1624.  The P-values for explanatory variables are closed to zero.

Optimal Regression Model

Model #4 is being selected as the optimal model.  This model has the highest adjusted R squared value compared to all 5 models, and it also has lowest standard error.  The P-values in model #4 are closer to zero than compared to model #1, showing the regression is significant. 

Collinearity

Now that a significant regression has been found, collinearity will be considered.  The results of the correlations can be seen below.  The correlation between remaining explanatory variables is low, with the exception of the relationship between Fiber and Carbohydrates.  Fiber was already tried to be removed in Model #5 and it was confirmed that Model #4 is better than Model #5.  At this time, Carbohydrates will be removed to see if a better fitting regression equation is obtained.

	 
	Tot Fat(g)
	Carb(g)
	Fiber(g)
	Prot(g)

	Tot Fat(g)
	1
	
	
	

	Carb(g)
	0.540365
	1
	
	

	Fiber(g)
	0.485386
	0.701329
	1
	

	Prot(g)
	0.298562
	0.411282
	0.310653
	1


Adjusted Multi-Variable: Model #6
Excluding Carbohydrates from the analysis, the following results are produced:
	Regression Statistics

	Multiple R
	0.9419

	R Square
	0.8873

	Adjusted R Square
	0.8661

	Standard Error
	61.3405

	Observations
	20.0000


	ANOVA
	
	
	
	
	

	 
	Df
	SS
	MS
	F
	Significance F

	Regression
	3.0000
	473772.5824
	157924.1941
	41.9715
	0.0000

	Residual
	16.0000
	60202.4176
	3762.6511
	
	

	Total
	19.0000
	533975.0000
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	33.1199
	45.0353
	0.7354
	0.4727

	Tot Fat(g)
	10.0103
	1.5041
	6.6555
	0.0000

	Fiber(g)
	20.1552
	9.0225
	2.2339
	0.0401

	Prot(g)
	4.1080
	1.1229
	3.6585
	0.0021


The following equation is produced:

Y = 33.11199 + 10.0103X1 + 20.1552X6 + 4.1080X7
Using this 3 variable adjusted model, the R square has decreased (98.85% to 88.73%), and the adjusted R Square has also decreased (98.54% to 86.61%).  F-Ratio has decreased from 322.2221 to 41.9715.  The P-values for explanatory variables are closed to zero.

Conclusion

To achieve the optimal regression testing was done on different combinations of variables, such as removing high correlation, removing high p-values.  As displayed in the table below, eliminating Trans Fat, Saturated Fat, and Sodium (model #4) produces the adjusted R square values.  The lowest standard error is also produced by model #4.  This model has a higher F-Ratio compared to model #1 (167.1994 for model #1 and 322.2221 for model #4).  Model #4 also produced P-Values that are closer to zero, compared to the original model (model #1), representing a more significant regression.  Hence, the optimal model is model #4. Total Fat, Carbohydrates, Fiber, and Protein are the key indicators of Calories in the Ultimate Trios menu at Applebee’s Restaurant, where Trans Fat, Saturated Fat and Sodium are not.

	 
	R Square
	Adjusted R Square
	Standard Error

	Model #1
	0.9899
	0.9839
	21.2510

	Model #2
	0.9897
	0.9849
	20.6164

	Model #3
	0.9890
	0.9851
	20.4665

	Model #4
	0.9885
	0.9854
	20.2367

	Model #5
	0.9876
	0.9853
	20.3101

	Model #6
	0.8873
	0.8661
	61.3405


1

