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Pizza Hut Nutritional Information Analysis
Data
This analysis is designed to analyze the key indicators of calorie content in various Pizza Hut pizza’s. Excel Regression add-in was used to complete the analysis. The data utilized to perform this regression was obtained from the Pizza Hut website (http://www.pizzahut.ca/Nutrition.aspx), and can be found below: 
	Pizza Hut Nutritional Information                                                                                                                                                                                                                                                    (per 1 slice of 14" large pizza)

	Type
	Calories
	Weight (g)
	Total Fat (g)
	Saturated Fat (g)
	Trans Fat (g)
	Cholestral (g)
	Sodium (g)
	Carbohydrates (g)

	Italian Classic
	280
	96
	13
	5
	0.2
	0.25
	2.90
	29

	Hawaiian
	270
	95
	11
	4
	0.2
	0.20
	2.90
	30

	Pepperoni Lovers
	300
	89
	15
	6
	0.3
	0.25
	3.30
	28

	Canadian
	240
	68
	10
	4
	2
	0.25
	5.10
	25

	Triple Crown
	250
	88
	11
	4
	0.2
	0.15
	2.30
	28

	Meat Lovers
	310
	96
	15
	5
	0.2
	0.35
	2.90
	28

	Supreme Lovers
	290
	97
	13
	5
	0.2
	0.25
	3.40
	29

	Super Supreme
	290
	96
	13
	5
	0.2
	0.25
	3.50
	29

	Pepperoni Only
	270
	79
	12
	5
	0.2
	0.20
	2.70
	28

	Chicken Lovers
	240
	90
	9
	3
	0.2
	0.15
	2.30
	28

	BBQ Chicken
	240
	86
	8
	3
	0.1
	0.15
	3.20
	33

	Chicken Ceasar
	260
	82
	11
	4
	0.2
	0.20
	3.60
	28

	Chicken Arrabiatta
	250
	96
	9
	3
	0
	0.15
	2.40
	29

	Chicken Rustica
	240
	90
	9
	3
	0
	0.15
	2.40
	28

	Veggie
	240
	98
	9
	3
	0.2
	0.15
	1.90
	29

	Margherita
	240
	88
	10
	4
	0
	0.15
	2.10
	28

	Cheese Lovers
	270
	88
	12
	5
	0.2
	0.20
	2.70
	28

	Cheese Only
	250
	79
	11
	4
	0.2
	0.20
	2.30
	28


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 pizza and the independent variables will be the corresponding nutritional information (weight, total fat, saturated fat, trans fat, cholestral, sodium and carbohydrates). The following will be the utilized equation:
Y = A + B1X1 + B2X2 + B3X3 + B4X4 + B5X5 + B6X6 + B7X7
Y = Calories

A = Intercept

X1 = Weight (g)

X2 = Total Fat (g)

X3 = Saturated Fat (g)

X4 = Trans Fat (g)

X5 = Cholestral (g)

X6 = Sodium (g)

X7 = Carbohydrates (g)

Multi-Variable Analysis: Model #1
All seven independent variables were utilized in the first regression. The results are below:
	Regression Statistics

	Multiple R
	0.98969

	R Square
	0.97948

	Adjusted R Square
	0.96512

	Standard Error
	4.33535

	Observations
	18


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	62.6168
	37.403099
	1.674108333
	0.12505127

	Weight
	0.51236
	0.2142516
	2.391414593
	0.037866997

	Total Fat
	7.55229
	3.6157097
	2.088742504
	0.0632625

	Saturated Fat
	0.66605
	5.4268506
	0.122731692
	0.904751128

	Trans Fat
	-10.1926
	6.6149268
	-1.54084389
	0.154379395

	Cholestral
	87.2363
	66.589282
	1.310065929
	0.219467452

	Sodium
	6.64814
	3.1179127
	2.132240214
	0.058798931

	Carbohydrates
	1.16981
	1.2288855
	0.951926109
	0.363575665


The following equation is produced:

Y = 62.6168 + 0.51236X1 + 7.55229X2 + 0.66605X3 – 10.1926X4 + 87.2363X5 + 6.64814X6 + 1.16981X7

The R square and adjusted R Square from the regression outputs above are 97.9% and 96.5%, respectively. The with an F-Ratio associated to this regression is 68.2. P-values are also close to zero for weight, total fat, and sodium, however very high for saturated fats. The regression model is re-run without Saturated fat as an explanatory variable.

Adjusted Multi-Variable: Model #2
Excluding saturated fats from the analysis, the following results are produced: 

	Regression Statistics

	Multiple R
	0.98967

	R Square
	0.97945

	Adjusted R Square
	0.96825

	Standard Error
	4.13671

	Observations
	18


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	60.9769
	33.334212
	1.829258657
	0.094573427

	Weight
	0.50208
	0.188144
	2.668583784
	0.0218492

	Total Fat
	7.96839
	1.1989899
	6.645918087
	3.63111E-05

	Trans Fat
	-9.95878
	6.0444578
	-1.64758808
	0.127676743

	Cholestral
	81.6949
	46.701193
	1.749309794
	0.10804598

	Sodium
	6.7275
	2.9103679
	2.311563669
	0.04118517

	Carbohydrates
	1.223
	1.0972218
	1.11463738
	0.288766726


The following adjusted equation is produced:

Y = 60.9769 + 0.50208X1 + 7.96839X2 – 9.95878X3 + 81.6949X4 + 6.7275X5 + 1.223X6
The R square has barely changed compared to model #1, the adjusted R Square has increased slightly to 96.8% in the adjusted model and the F-Ratio also increased to 87.4. The p-value’s for all variables have also decreased and are now closer to zero. The P-value for Carbohydrates is still high (even though it has decreased) so we will re-run the model again by omitting another explanitory varialbe, carbohydrates.
Adjusted Multi-Variable: Model #3

Excluding saturated fats and carbohydrates from the analysis, the following results are produced: 

	Regression Statistics

	Multiple R
	0.9885

	R Square
	0.97713

	Adjusted R Square
	0.9676

	Standard Error
	4.17828

	Observations
	18


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	91.9991
	18.530189
	4.964822498
	0.000328106

	Weight
	0.55736
	0.183314
	3.040453113
	0.010265228

	Total Fat
	7.40849
	1.0996381
	6.737210778
	2.08174E-05

	Trans Fat
	-14.3744
	4.6111712
	-3.11730555
	0.008899246

	Cholestral
	88.4908
	46.766828
	1.892170474
	0.08283829

	Sodium
	8.45059
	2.4906547
	3.392917359
	0.005339138


The following adjusted equation is produced:

Y = 91.9991 + 0.55736X1 + 7.40849X2 – 14.3744X3 + 88.4908X4 + 8.45059X5

The R square and the adjusted R Square have decreased slightly compared to model #2. The standard error for this model has also increased slightly compared to model #2. The p-value’s for all variables are now closer to zero.
Optimal Regression Model

Model #2 is being selected as the optimal model. This model has the highest adjusted R squared value compared to all 3 models, and it also has lowest standard error. The P-values in model #2 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 Total Fat & Cholestral. These two variables will be removed to see if a better fitting regression equation is obtained.
	 
	Weight (g)
	Total Fat (g)
	Trans Fat (g)
	Cholestral (g)
	Sodium (mg)
	Carbohydrates (g)

	Weight (g)
	1
	 
	
	 
	 
	 

	Total Fat (g)
	0.2006
	1
	
	 
	 
	 

	Trans Fat (g)
	-0.6502
	-0.0194
	1
	 
	 
	 

	Cholestral (mg)
	0.0602
	0.8426
	0.3047
	1
	 
	 

	Sodium (mg)
	-0.4722
	0.2422
	0.7775
	0.5262
	1
	 

	Carbohydrates (g)
	0.4828
	-0.2177
	-0.5944
	-0.2641
	-0.2800
	1


Adjusted Multi-Variable: Model #4
Excluding saturated fats and Cholestral from the analysis, the following results are produced: 

	Regression Statistics

	Multiple R
	0.98678

	R Square
	0.97374

	Adjusted R Square
	0.96279

	Standard Error
	4.47773

	Observations
	18


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	38.7503
	33.358253
	1.161641037
	0.267966218

	Weight
	0.59605
	0.1951764
	3.053912347
	0.010011663

	Total Fat
	9.71398
	0.7194951
	13.50110562
	1.28723E-08

	Trans Fat
	-6.34663
	6.1491343
	-1.03211705
	0.322371063

	Sodium
	7.71136
	3.0909106
	2.49485128
	0.028180288

	Carbohydrates
	1.47359
	1.1775104
	1.251442503
	0.234619588


The following adjusted equation is produced:

Y = 38.7503 + .59605X1 + 9.71398X2 – 6.34663X3 + 7.71136X4  + 1.47359X5
Compared to Model #2, the R square and the adjusted R Square have slightly decreased. The p-values have changed slightly, however the P-value for TransFat has increased. Since the adjusted R Square is higher for model #2, and the avg p-value is closer to zero for model #2, omitting Cholestral from the regression does improve the model.
Adjusted Multi-Variable: Model #5

Excluding saturated fats and Total Fat from the analysis, the following results are produced: 
	Regression Statistics

	Multiple R
	0.94707

	R Square
	0.89695

	Adjusted R Square
	0.85401

	Standard Error
	8.8697

	Observations
	18


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	186.001
	59.003859
	3.15234771
	0.008338497

	Weight
	0.44884
	0.4030421
	1.11363386
	0.287245786

	Trans Fat
	-31.6115
	10.916331
	-2.89579489
	0.013430803

	Cholestral
	340.006
	55.51251
	6.12485491
	5.13841E-05

	Sodium
	9.90181
	6.1556376
	1.608575715
	0.133685365

	Carbohydrates
	-1.83197
	2.1361887
	-0.85758587
	0.407922982


Compared to Model #2, the R square and the adjusted R Square have slightly decreased. The P-value for Weight and Carbohydrates have increased. Since the adjusted R Square is higher for model #2, and the avg p-value is closer to zero for model #2, omitting Total Fats from the regression does improve the model.

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 saturated fats (model #2) produces the highest R square and adjusted R square values. The lowest standard error is also produced by model #2. This model has a higher F-Ratio compared to model #1 (68.2 for model #1 and 87.4 for model #2). Model #2 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 #2. Weight, Trans Fat, Total fat, Cholestral, Sodium and Carbohydrates are the key indicators of Calories in a Pizza Hut pizza, where Saturated fats is not.
	 
	R^2
	Adjusted R^2
	Standard Error

	Model #1
	0.9795
	0.9651
	4.3354

	Model #2
	0.9795
	0.9682
	4.1367

	Model #3
	0.9771
	0.9676
	4.1783

	Model #4
	0.9737
	0.9628
	4.4777

	Model #5
	0.8969
	0.8540
	8.8697


