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Regression Analysis Project

Spring 2011
The 99 Restaurant Nutritional Information Analysis

Objective

I used to work at a Ninety Nine restaurant and thought it would be interesting to study the relationship seen between calories and other nutritional values in some of the most popular meals at the restaurant.  The goal of the project is to be able to find out which values form the model with the best fit.  I found my data on their website.  I think calories would be best fitting as the dependent variable and will use seven other nutritional measurements found on the nutritional labels as the independent variables.  What type of relationship will we find between the nutritional measurements and calories?  I will use regression analysis on the data and will utilize a 95% confidence interval for Ordinary Least Squares regression.

Source: I found my data on the ninety nine website (http://www.99restaurants.com/pdf/NINE_2012_Sept_Nutritional_Menu.pdf )

Data

I grabbed data for some of my favorite meals from the 99 restaurant.
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All Star Steakburger 1310 860 96 36 195 2360 57 2

Angus Chopped Sirloin 1330 890 99 33 220 2290 55 6

Apple Harvest Chicken Salad 1040 590 66 15 125 2160 62 6

Barbecue Texan Prime Rib Sandwich 930 470 52 21 130 1670 71 4

Boneless Buffalo Wings 1130 660 74 11 160 4190 46 2

Boneless Wings & Skins Sampler 1660 990 110 29 265 5030 73 5

Bruschetta Chicken 950 380 42 14 210 2620 59 2

Buffalo Chicken Flatbread 1090 690 77 30 80 3660 58 2

Country Fried Chicken 1230 470 52 14 105 2720 138 6

Chicken & Sausage Al Forno 1440 580 64 25 155 3480 160 13

Fire Grilled SW Cobb Salad 890 530 58 16 355 1680 30 6

Fish and Chips 1840 1100 123 21 170 3880 122 9

French Onion Prime Rib Sandwich 960 550 61 25 165 1140 45 2

Grilled Double BBQ Turkey Tips 800 130 15 6 195 3220 81 2

Honey BBQ Chicken Wrap 930 350 40 11 95 1920 94 4

King Tips, Smothered, 24 oz. 1460 720 80 21 360 3200 14 2

Steak & Shrimp Scampi Mac & Cheese 1090 570 63 29 225 2800 56 2

Stuffed Turkey Ciabatta 710 330 37 7 70 2020 66 3

Top Sirloin Steak 9 oz. 360 110 12 4.5 135 650 0 0

Triple Decker Turkey Club 970 330 37 7 100 2630 106 7

Tropical Chicken Salad 760 350 39 5 95 1590 60 5

West Coast Turkey Burger 770 380 42 13 150 1400 51 3


I will be performing ordinary least squares regression using a 95% confidence interval.  My dependent variable will be the number of calories associated with each meal whereas the independent variables will be the fat, saturated fat, cholesterol, sodium, carbohydrates, and dietary fiber. The equation I will be using is as follows:

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

where:
Y = Calories
A = Intercept
X1 = Total Fat (g)

X2 = Saturated Fat (g)

X3 = Cholesterol (mg)

X4 = Sodium (mg)

X5 = Carbohydrates (g)

X6 = Fiber (g)

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

Multiple R 0.983462695

R Square 0.967198873

Adjusted R Square 0.954078423

Standard Error 72.2380179

Observations 22

ANOVA

df SS MS F Significance F

Regression 6 2308075.032 384679.1719 73.71689433 2.81692E-10

Residual 15 78274.96846 5218.331231

Total 21 2386350

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

Intercept 42.65883877 63.77134308 0.6689343 0.513701701 -93.26656146 178.584239 -93.26656146 178.584239

Fat (g) 8.847846777 1.207626593 7.326641224 2.49888E-06 6.273851625 11.42184193 6.273851625 11.42184193

Saturated Fat (g) -2.367654314 2.862748428 -0.827056367 0.421167771 -8.469458151 3.734149523 -8.469458151 3.734149523

Cholesterol (mg) 1.158223154 0.282652465 4.097693455 0.000950694 0.555763687 1.760682621 0.555763687 1.760682621

Sodium (mg) 0.035011664 0.023858325 1.467482036 0.162898757 -0.015841153 0.08586448 -0.015841153 0.08586448

Carbs (g) 4.420564016 0.996396277 4.436552123 0.000480452 2.296795625 6.544332407 2.296795625 6.544332407

Dietary Fiber (g) -12.67788641 10.98402787 -1.154211056 0.266472214 -36.08978762 10.7340148 -36.08978762 10.7340148


The following equation is produced:

Y = 42.6589 + 8.8478X1 – 2.3677X2 + 1.1582X3 + 0.0350X4 + 4.4206X5 – 12.6779X6 

The coefficients shown in the equation above for each variable express the effect that that particular variable has on the response variable (calories) while controlling effects of the other explanatory variables in the model.  For example, if all variables are held fixed except for the amount of fat, then for an extra gram of fat, we would expect to see 42 extra calories.  

The R2 value of 96.72% measures the proportion of hte total variation in the calroes that is explained by all of the explanatory variables through the regression model.  The adjusted R square value is 95.4% suggesting that the seven independent variables used in the regresstion are a good predictor of the caloric content in the ninety nine restaurant’s menu items.  The F-ratio seen in this regression is 73.7169.  
Saturated fat has the highest p-value which indicates that it might not be the best predictor of caloric content in the meals.  For this reason, I will re-run the model without using hte saturated fat as an explanatory variable.
Adjusted Multi-Variable: Model #2 – no saturated fat
After excluding the saturated fat from the analysis, the following results are produced:
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Regression Statistics

Multiple R 0.982701935

R Square 0.965703093

Adjusted R Square 0.95498531

Standard Error 71.52116079

Observations 22

ANOVA

df SS MS F Significance F

Regression 5 2304505.577 460901.1154 90.10287533 3.86414E-11

Residual 16 81844.42305 5115.27644

Total 21 2386350

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

Intercept 45.16638578 63.06710726 0.716163904 0.484212607 -88.52990912 178.8626807 -88.52990912 178.8626807

Fat (g) 8.076017731 0.758849854 10.64244486 1.14721E-08 6.467327904 9.684707558 6.467327904 9.684707558

Cholesterol (mg) 1.08928285 0.267401586 4.0735841 0.000884224 0.52241681 1.65614889 0.52241681 1.65614889

Sodium (mg) 0.042510393 0.021849383 1.945610687 0.06948713 -0.00380823 0.088829016 -0.00380823 0.088829016

Carbs (g) 4.129408619 0.922884397 4.474459242 0.000383267 2.172981095 6.085836143 2.172981095 6.085836143

Dietary Fiber (g) -9.220887538 10.05683026 -0.916878112 0.372820514 -30.5404153 12.09864023 -30.5404153 12.09864023


The following adjusted equation is produced:

Y = 45.1664 + 8.0760X1 + 1.0893X3 + 0.0425X4+ 4.1294X5 – 9.2209X6
Using this 5 variable adjusted model, the R square has barely changed compared to model #1 (96.7% to 96.6%), and the adjusted R Square has increased slightly (95.4% to 95.5%).  The F-Ratio also increased from 73.7169 to 90.1029.  Most of the P-values for the independent variables remained stable, but the variable for dietary fiber increased from .2664 to .3728.  For this reason, I am going to re-run the regression analysis.  However, this time I am going to remove a second variable, the dietary fiber.
Adjusted Multi-Variable: Model #3 – no saturated fat or dietary fiber
Excluding saturated fat and dietary fiber from the analysis, the following results are produced:
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Regression Statistics

Multiple R 0.98178464

R Square 0.963901079

Adjusted R Square 0.955407216

Standard Error 71.18520142

Observations 22

ANOVA

df SS MS F Significance F

Regression 4 2300205.341 575051.3352 113.4820519 5.03693E-12

Residual 17 86144.65933 5067.332902

Total 21 2386350

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

Intercept 65.45736578 58.77934728 1.113611648 0.28094415 -58.55621676 189.4709483 -58.55621676 189.4709483

Fat (g) 7.817905666 0.701391254 11.14628337 3.08522E-09 6.338099473 9.29771186 6.338099473 9.29771186

Cholesterol (mg) 0.991634213 0.244125442 4.061986349 0.000810732 0.476574552 1.506693873 0.476574552 1.506693873

Sodium (mg) 0.050590034 0.019899634 2.542259557 0.021042211 0.008605477 0.092574592 0.008605477 0.092574592

Carbs (g) 3.433838298 0.523076439 6.564696941 4.81482E-06 2.330243479 4.537433117 2.330243479 4.537433117


The following equation is produced:

Y = 65.4574 + 7.8179X1 + 0.9916X3 + 0.0506X4 + 3.4338X5 
Using this 4 variable adjusted model, the R square has slightly decreased (96.7% to 96.4%), but the adjusted R Square has increased slightly (95.40% to 95.54%).  The F-Ratio also increased from 73.7169 to 113.48.  The P-values for fat, cholesterol, and carbohydrates are all very small.  The p-value for sodium, however, is still a bit higher than the rest.  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:
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Regression Statistics

Multiple R 0.974770199

R Square 0.950176941

Adjusted R Square 0.941873098

Standard Error 81.27294745

Observations 22

ANOVA

df SS MS F Significance F

Regression 3 2267454.744 755818.2481 114.4261676 6.51537E-12

Residual 18 118895.2558 6605.291988

Total 21 2386350

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

Intercept 78.75465303 66.84281803 1.178206655 0.254056498 -61.67689659 219.1862027 -61.67689659 219.1862027

Fat (g) 8.688648092 0.698815397 12.43339533 2.84461E-10 7.220491422 10.15680476 7.220491422 10.15680476

Cholesterol (mg) 1.131876328 0.271511629 4.168795016 0.000576862 0.561451561 1.702301094 0.561451561 1.702301094

Carbs (g) 4.007608275 0.538751848 7.438690543 6.79683E-07 2.875732644 5.139483907 2.875732644 5.139483907


The following equation is produced:

Y = 34.7588 + 8.3064X1 + 4.4657X3 – 3.8417X5 
Using this 3 variable adjusted model, the R square has slightly decreased again (96.7% to 95.02%), and the adjusted R Square has decreased slightly (95.4% to 94.2%).  F-Ratio also increased slightly to 114.43.  The three p-values have decreased exceptionally and are extremely small.  The P-values for Fat and Carbs are extremely small though, so I’d like to run one more test of just using those two as explanatory variables.
Adjusted Multi-Variable: Model #5

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

Multiple R 0.949775336

R Square 0.902073188

Adjusted R Square 0.891765103

Standard Error 110.9024339

Observations 22

ANOVA

df SS MS F Significance F

Regression 2 2152662.353 1076331.177 87.51122545 2.59158E-10

Residual 19 233687.6469 12299.34984

Total 21 2386350

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

Intercept 264.3627052 68.03225563 3.8858436 0.000994448 121.9695577 406.7558527 121.9695577 406.7558527

Fat (g) 9.996077703 0.852154333 11.73036071 3.79949E-10 8.212498186 11.77965722 8.212498186 11.77965722

Carbs (g) 2.958292847 0.64999425 4.551260023 0.000218277 1.597839246 4.318746449 1.597839246 4.318746449


The following equation is produced:

Y = 264.363 + 9.9961X1+ 2.9583X5 
Using this 2 variable adjusted model, the R square has decreased significantly from 96.7% to 90.2%.  Also, the adjusted R square value has decreased significantly as well from 95.4% to 89.2%.  For this reason, I don’t think this model is particularly useful and don’t think we should further continue to get rid of variables. 
Optimal Regression Model

Model #3 is being selected as the optimal model. This model used the fat(g), cholesterol(mg), sodium (mg), and carbs(g) to predict the number of calories in each meal. This model has the highest adjusted R squared value compared to all 5 models, and it also has the 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 we have found a significant regression, we must consider collinearity.  The results of the correlations in the 4 explanatory variables can be seen in the chart below. It can be seen that fat and sodium have the most significant relationship.  However, it isn’t alarmingly high.  We have already removed sodium from the model and modeled without it.  We saw that this actually made the model worse instead of better.  For this reason, I am going to stick to model #3 being the optimal model for the amount of calories in the 99 restaurant’s meals.
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Fat (g) 1

Cholesterol (mg) 0.360863177 1

Sodium (mg) 0.586847056 0.218328931 1

Carbs (g) 0.129134832 -0.385475114 0.378815299 1


Conclusion
To find the best regression equation for the number of calories in various meals at the 99, optimal regression testing was performed on different combinations of variables.  The table below displays the various statistics that each model had.  Model 3 (highlighted in blue) is the model we chose to be the best model.  This model uses fat, cholesterol, sodium, and carbohydrates as the explanatory variables.  This model had the highest adjusted r-squared value and a r squared value of ~96%.  Also, the model had a fairly high F value and each of the explanatory variables had P-values extremely close to zero.

The equation for our regression equation is: 

The following equation is produced:

Y = 65.4574 + 7.8179X1 + 0.9916X3 + 0.0506X4 + 3.4338X5 
Or . . 

Calories = 65.4574 + 7.8179(Fat) + 0.9916(Cholesterol) + 0.0506(Sodium) + 3.4338(Carbohydrates) 
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R Square 0.9672 0.9657 0.9639 0.9502 0.9021

Adjusted R Square 0.9541 0.9550 0.9554 0.9419 0.8918

Standard Error 72.2380 71.5212 71.1852 81.2729 110.9024

F Value 73.7169 90.1029 113.4821 114.4262 87.5112

P Values

Fat (g) 0.0000 0.0000 0.0000 0.0000 0.0000

Saturated Fat (g) 0.4212 n/a n/a n/a n/a

Cholesterol (mg) 0.0010 0.0009 0.0008 0.0006 n/a

Sodium (mg) 0.1629 0.0695 0.0210 n/a n/a

Carbs (g) 0.0005 0.0004 0.0000 0.0000 0.0002

Dietary Fiber (g) 0.2665 0.3728 n/a n/a n/a
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