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Regression Analysis Student Project

Introduction

For my student project for the Regression Analysis course, I looked at the nutritional value of the different fruit smoothies offered by Jamba Juice and the amount of calories each smoothie has.  I will regress the calorie count (Y) on 7 explanatory variables (X1, X2, X3, X4, X5, X6, X7) to determine which variables are good predicators of calorie counts in smoothies.  
Data

I obtained my data from the following website: http://www.jambajuice.com/component/nutfacts/type/11.  

I obtained the nutritional values for the sixteen ounce sized beverage.  The following chart contains the data I used:
	Smoothie Name
	Calories
	Fat (g)
	Chol (mg)
	Sodium (mg)
	Carbs (g)
	Fiber (g)
	Sugar (g)
	Protein (g)

	Aloha Pineapple®
	290
	1
	5
	50
	67
	3
	63
	5

	Banana Berry™
	270
	1
	0
	60
	64
	3
	57
	3

	Blackberry Bliss™
	230
	1
	0
	25
	55
	4
	49
	1

	Caribbean Passion®
	250
	1
	5
	35
	57
	2
	51
	2

	Mango-a-go-go®
	280
	1
	5
	35
	65
	2
	59
	2

	Orange-A-Peel™
	250
	0
	5
	85
	58
	2
	52
	2

	Peach Pleasure®
	260
	1
	0
	35
	61
	3
	51
	5

	Pomegranate Pick Me Up®
	260
	1
	5
	35
	61
	3
	53
	2

	Razzmatazz®
	270
	1
	5
	40
	63
	3
	51
	2

	Strawberries Wild®
	250
	0
	0
	95
	60
	2
	52
	3

	Strawberry Surf Rider™
	300
	1
	5
	5
	72
	2
	64
	2


Variables and Regression Equation
I choose calories to be my response variable Y.  The explanatory variables are as follows:

· X1: Fat (g)

· X2: Cholesterol (mg)
· X3: Sodium (mg)
· X4: Carbohydrates (g)
· X5: Fiber (g)
· X6: Sugar (g)
· X7: Protein (g)
My regression equation will be:  Y = A + B1X1 + B2X2 + B3X3 + B4X4 + B5X5 + B6X6 + B7X7
Hypothesis:  My hypothesis is that all coefficients Bi (i = 1, …, 7) = 0.

Regression Analysis

Model #1:

For my first model, I will run a regression on all 7 explanatory variables using Excel.  Below are my results:
	Regression Statistics

	Multiple R
	0.998729001

	R Square
	0.997459617

	Adjusted R Square
	0.991532056

	Standard Error
	1.857084459

	Observations
	11


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	30.36521106
	12.02294121
	2.525605885
	0.085753845

	X1: Fat (g)
	10.01558298
	3.453020378
	2.900528199
	0.062475407

	X2: Chol (mg)
	1.417151341
	0.30153531
	4.699785709
	0.018223123

	X3: Sodium (mg)
	0.097845735
	0.051173013
	1.912057331
	0.151818392

	X4: Carbs (g)
	3.392160648
	0.306313721
	11.07413875
	0.001577382

	X5: Fiber (g)
	-2.115972503
	1.303904459
	-1.622797197
	0.203089322

	X6: Sugar (g)
	0.145235601
	0.275155376
	0.527831234
	0.634166274

	X7: Protein (g)
	1.531203967
	0.589769828
	2.596273826
	0.080635132


The regression equation using all 7 explanatory variables becomes:

Y = 30.3652 + 10.0159X1 + 1.4172X2 + 0.0978X3 + 3.3922X4 – 2.1160X5 + 0.1452X6 + 1.5312X7

A R Square value of 0.9975 indicates that using all 7 explanatory variables is a good predicator of the caloric content in each smoothie.  The F statistic for this model is 168.27.  We will compare this with the F statistics from our other models later.  

Looking at each variable closer I can see that the sugar variable has a much larger p-value compared to the other variables.  The absolute value of the t statistic is also the smallest.  I will remove this from my model and run a new regression.
Model #2:

After removing the sugar variable, I ran a new regression with 6 explanatory variables and got the following results.  

	Regression Statistics

	Multiple R
	0.998610883

	R Square
	0.997223695

	Adjusted R Square
	0.993059237

	Standard Error
	1.681304062

	Observations
	11


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	29.5340032
	10.79114923
	2.736872838
	0.052072902

	X1: Fat (g)
	10.14327838
	3.11849623
	3.252618451
	0.031298193

	X2: Chol (mg)
	1.444284486
	0.268997602
	5.369135176
	0.005810679

	X3: Sodium (mg)
	0.10088127
	0.04603579
	2.191366122
	0.093549317

	X4: Carbs (g)
	3.528765952
	0.148344545
	23.78763537
	1.85202E-05

	X5: Fiber (g)
	-2.140539213
	1.179732457
	-1.81442767
	0.143805218

	X7: Protein (g)
	1.543943426
	0.533498481
	2.893997791
	0.0443844


The regression equation using the 6 remaining explanatory variables becomes:

Y = 29.5340 + 10.1433X1 + 1.4443X2 + 0.1009X3 + 3.5288X4 – 2.1405X5 + 1.5439X7
The R Square value of 0.9972 indicates again that using this set of variables is a good predicator of the caloric content per smoothie.  The F statistic is 239.46 which is higher than Model #1 so as of now we would keep this model over Model #1.

Looking at each variable individually we can see that Fiber has a high p-value compared to the other variables.  The absolute value of the t statistic is also the smallest so this indicates it is a good variable to remove and run a new regression.
Model #3

With now only 5 explanatory variables (sugar and fiber removed), I ran a new regression and got the following results:

	Regression Statistics

	Multiple R
	0.997466136

	R Square
	0.994938693

	Adjusted R Square
	0.989877387

	Standard Error
	2.030434529

	Observations
	11


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	19.87522286
	11.33595685
	1.753290272
	0.139927837

	X1: Fat (g)
	7.48158615
	3.323365325
	2.251207862
	0.074164511

	X2: Chol (mg)
	1.661371758
	0.290953972
	5.710084466
	0.002301514

	X3: Sodium (mg)
	0.092471057
	0.055312807
	1.671783856
	0.155429094

	X4: Carbs (g)
	3.623655085
	0.167647194
	21.61476726
	3.93226E-06

	X7: Protein (g)
	1.541321033
	0.644279513
	2.392317311
	0.062209072


The regression equation using the 5 remaining explanatory variables becomes:

Y = 19.8752 + 7.4816X1 + 1.6614X2 + 0.0925X3 + 3.6237X4 + 1.5413X7

The R Square value of this model is 0.9949 which again indicates that these variables are a good predicator of caloric content in smoothies.  The F statistic has been reduced to 196.58 so we will have to consider this when we choose a final model.  
We can try another model that also removes sodium since that variable had the highest p-value and smallest absolute value of the t statistic.
Model #4

We now have 4 explanatory variables (sugar, fiber, and sodium removed) that produce the following results:

	Regression Statistics

	Multiple R
	0.996046968

	R Square
	0.992109563

	Adjusted R Square
	0.986849272

	Standard Error
	2.314288834

	Observations
	11


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	31.66500232
	10.11601549
	3.130185234
	0.020319826

	X1: Fat (g)
	2.682335319
	1.908485529
	1.405478469
	0.209487398

	X2: Chol (mg)
	1.63647063
	0.331194427
	4.941117656
	0.002601012

	X4: Carbs (g)
	3.543457327
	0.183094315
	19.35318049
	1.23216E-06

	X7: Protein (g)
	2.071935518
	0.639057815
	3.242172257
	0.017638723


The regression equation using the 4 remaining explanatory variables becomes:

Y = 31.6650 + 2.6823X1 + 1.6365X2 + 3.5435X4 + 2.0719X7

The R Square value of this model is 0.9921 which again indicates that these variables are a good predicator of caloric content in smoothies.  The F statistic has been raised from the last model to 188.60. 

We can try another model that also removes fat since that variable had the highest p-value and smallest absolute value of the t statistic.

Model #5

We now have 3 explanatory variables remaining; cholesterol, carbohydrates, and protein that produce the following results:

	Regression Statistics

	Multiple R
	0.994742081

	R Square
	0.989511808

	Adjusted R Square
	0.985016869

	Standard Error
	2.470267318

	Observations
	11


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	29.45405916
	10.6664609
	2.761371314
	0.02804051

	X2: Chol (mg)
	1.642857143
	0.353483001
	4.647627013
	0.00234842

	X4: Carbs (g)
	3.615481435
	0.187623712
	19.26985347
	2.52574E-07

	X7: Protein (g)
	2.03901825
	0.681670797
	2.991206692
	0.020191823


The regression equation using the 3 remaining explanatory variables becomes:

Y = 29.4541 + 1.6426X2 + 3.6155X4 + 2.0390X7

The R Square value of this model is 0.9895 which again indicates that these variables are a good predicator of caloric content in smoothies.  The F statistic has been raised from the last model to 220.14, which is a good thing also.

Since all of the p-values are statistically significant at a 95% confidence interval there is no need to do another regression. 

Conclusion

The following chart summarizes the R square and F statistic values for the 5 models I created:

	 
	Model # 1
	Model # 2
	Model # 3
	Model # 4
	Model # 5

	R Squared
	99.75%
	99.72%
	99.49%
	99.21%
	98.95%

	F Statistic
	168.27
	239.46
	196.58
	188.60
	220.14


The 2 models that I would consider choosing are either Model #2 or Model #5 due to their high F statistic and R squared.  Comparing just those two models I would choose Model #5.  The R squared value is still very close to 99% and it has a very high F statistic.  All 3 variables in this model are also statistically significant on a 95% confidence interval.

Therefore, the model I am choosing is Y = 29.4541 + 1.6426X2 + 3.6155X4 + 2.0390X7 and I can reject my null hypothesis.  The variables that are used in this model are cholesterol, carbohydrates, and protein.  This means that those are the variables that affect the caloric content of a smoothie from Jamba Juice the most.  Intuitively this makes sense since just thinking about caloric content on a nutritional basis these would be the ingredients you would expect to cause the most calories.

