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Project 3
	For the multiple linear regression project, I chose to look at the different types of candy bars because I love all the different types. I wanted to see if certain aspects of a candy bar affected the number of calories. I decided to use a simple random sample by picking the aspects of a candy bar that are usually the looked at first by a person before they eat the candy bar. In this test, the dependent variables, or the variables that explain the number of calories in a candy bar, were sodium, sugar, protein, and fat calories. These variables were chosen because they contribute to the calories the most. The independent variable, or response variable that is affected because of the dependent variables, was the calories. For the data, I looked at the Data And Source Library, or DASL, website to get the data on candy bars and its ingredients. This source is a reliable source because it has a lot of different sets of collected data and has been used by many students for data collection. The data I used is shown in Figure 1.
Figure 1
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[bookmark: _Hlk22841447]	The hypotheses for this test are the null and alternative hypotheses. The null hypotheses is that all of the slopes are equal to zero. This means that the slopes are all equal together and if they all equal, then they are equal to zero. The alternative hypothesis is that at least one slope does not equal zero. This means that the slopes don’t equal each other, therefore, not equaling zero. 
	Before I could run a multiple linear regression test, I had to create scatterplots to see if the data shows there is a possible simple linear regression and if there is any positive linear relationships between the data. In Figure 2, the scatterplots show that it was not a simple linear regression. The scatterplots also show a possible linear relationship between calories and fat calories. I assumed that this simple random sample represented all candy bars.
Figure 2[image: ]
For the test, I used a significance level of 0.01 because I thought that with the low sample size, the p-value would be lower than the significance level. After I determined by significance level, I continued with the test. I inputted my data into the computer program, SPSS, and performed the multiple linear regression. As shown in Figure 3, my r value was 0.839 and my r squared was 0.704. My F value and my p-value was 14.889 and 0.000, also shown in Figure 3.

Figure 3
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To get my necessary data for my linear regression line, I needed to look at the coefficients of each variable. In Figure 4, the coefficients of each variable is shown in the unstandardized column. Each variable corresponds to a specific letter, x = sodium, z = sugar, w = protein, and t = fat calories. From the data, I created a linear regression equation of a line, which was y = -0.155x + (-0.289z) + 0.020w + 0.658t + 11.141. Before I determined if I had to reduce the variables to get a better linear regression line, I graphed the residuals of the data. Shown in Figure 5, the graphed residuals show a chaotic spread, both positive and negative with no real patterns. This means that it is possibly a good scatterplot.
Figure 4
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Figure 5
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By looking at each variables’ significance value, I determined that I should remove protein from the test because its significance value was the largest, and I wanted to see if I could get the variables’ significance values below the significance level of 0.01. I ran the test again, this time without protein, and the r value, r squared value, and the p-value did not change, but the F value did change, shown in Figure 6. With the new test without protein, the unstandardized values and the significance values of each variable changed, which can be seen in Figure 7. 

Figure 6
	ANOVAa

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	1337.842
	3
	445.947
	20.630
	.000b

	
	Residual
	562.024
	26
	21.616
	
	

	
	Total
	1899.867
	29
	
	
	

	a. Dependent Variable: caloriesnumber

	b. Predictors: (Constant), sugarnumber, fatcalnumber, sodiumnumber







Figure 7
	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	11.374
	3.587
	
	3.171
	.004

	
	fatcalnumber
	.664
	.109
	.687
	6.098
	.000

	
	sodiumnumber
	-.155
	.109
	-.160
	-1.415
	.169

	
	sugarnumber
	-.295
	.110
	-.310
	-2.673
	.013

	a. Dependent Variable: caloriesnumber



The scatterplot of the residuals also changed, shown in Figure 8, when I removed protein from test. The residual scatterplot is still chaotic but there may be some outliers. Since the unstandardized values changed, the linear regression equation of a line changed, making it y = -0.155x + (-0.295z) + 0.664t + 11.374.

Figure 8
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Again, I wanted to see if I could get the variables’ significance values lower than the significance level. The next largest significance value was sodium, so I decided to remove sodium from the test. Running the test again, the r value and the r squared value changed as shown in Figure 9. Also, the F value changed, in Figure 10, while the p-value stayed the same. 

Figure 9

	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.825a
	.681
	.658
	4.735

	a. Predictors: (Constant), sugarnumber, fatcalnumber

	b. Dependent Variable: caloriesnumber



Figure 10
	ANOVAa

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	1294.569
	2
	647.284
	28.873
	.000b

	
	Residual
	605.298
	27
	22.418
	
	

	
	Total
	1899.867
	29
	
	
	

	a. Dependent Variable: caloriesnumber

	b. Predictors: (Constant), sugarnumber, fatcalnumber



Again, the scatterplot of the residuals changed, shown in Figure 11, but is still chaotic with less data because I removed two variables. The unstandardized values changed, as shown in Figure 12, which changed the linear regression equation of a line to y = -0.247z + 0.696t + 8.005. This is the final linear function that I wanted to keep because even though the sugar’s significance value is higher than 0.01, the fat calories’ value and the constant’s value is lower than 0.01. This linear regression line is a good fit because more than half of the variables’ significance values are less that the significance level of 0.01. This proves that there is significant evidence that at least one coefficient is not zero.
















Figure 11
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Figure 12
	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	8.005
	2.732
	
	2.930
	.007

	
	fatcalnumber
	.696
	.108
	.721
	6.418
	.000

	
	sugarnumber
	-.247
	.107
	-.259
	-2.308
	.029

	a. Dependent Variable: caloriesnumber



In conclusion, the multiple linear regression test proved that there is significant evidence that at least one slope does not equal zero. It also proved that the amount of fat calories and sugars affect the number of calories in a candy bar.
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Coefficients®

Standardized
Unstandardized Cosficients  Coefficients

Mods! B std. Error Beta t sig.

1 (Constant) 11141 4168 2673 013
fatcalnumber 658 123 681 6380 000
sodiumnumber -188 112 180 1390 177
proteinnumber 020 175 016 116 908
sugamumber -289 124 303 2328 028

a.Dependent Variable: calorissnumber
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Candybarname Calories FatCal Sodium Sugar Protein

AlmondJoy 4.79592 2.42857 1.42857 0.4898 0.04082

5thAvenue 4.82143 2.16071 2.25 0.46429 0.08929

Cadbury'sCaramello 4.62857 1.91429 1.22857 0.57143 0.05714

Hershey'sMilkChocolatewithAlmond 5.51282 3.20513 0.74359 0.4359 0.10256

HersheyKitKat,BigKitKatBar 5.2 2.50909 0.63636 0.54545 0.05455

HersheyReesticks 5.21429 2.80952 2.64286 0.40476 0.09524

M&MMars,3MusketeersBar 4.17391 1.13043 1.95652 0.65217 0.04348

M&MMars,MilkyWay 4.21739 1.3913 2.3913 0.6087 0.04348

M&MMars,MilkyWayDarkBar 4.48 1.46 2.28 0.6 0.02

M&MMars,Snickers 4.66667 1.7193 2.2807 0.49123 0.08772

M&MMars,Twix 4.98246 2.19298 1.92982 0.47368 0.05263

M&MMars,MARSAlmondBar 4.66 1.98 0.62 0.52 0.08

Nestle,100Grand 4.46512 1.69767 2 0.53488 0.02326

Nestle,BabyRuth 4.61905 2.2381 2.14286 0.47619 0.04762

Nestle,Butterfinger 4.75556 1.71111 2.13333 0.53333 0.06667

Nestle,Crunch 5.225 2.375 1.325 0.55 0.05

Reese'sPeanutButterCups 5.15556 2.75556 3.13333 0.46667 0.11111

Rolo'sCaramels 4.75 1.875 1.875 0.64583 0.04167

Reese'sFastBreak,milkchocandpeanut butter 4.73214 2.10714 3.30357 0.53571 0.08929

YorkPeppermintPatty  3.83721 0.65116 0.27907 0.62791 0.02326

Krackle 5.12195 2.39024 1.95122 0.53659 0.07317

*EsteeMintChocolate 4.875 3.075 0NA 0.05

*RussellStoverSugarFreePeanutButterCups 5 3.25 3.75NA 0.025

Ghirardelli,Chocolate: Squares,Milk Chocw.Caramel Filling 4.88571 2.4 1.22857 0.51143 0.05714

Newman'sOwnOrganics:PeanutButterCups 5.29412 3.17647 2.05882 0.41176 0.11765

AeroChocolateBar 5.17778 2.57778 0 0.57778 0.06667

*ChocoslimMilkChocolateBar 4.75556 2.4 0.77778NA 0.08889
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MaunaLoa:MacademiawithCrispMilkChocolate 5.7 3.06 1.1 0.5 0.08

Toblerone 5.2 2.34 0.5 0.54 0.06

*Atkiins Endulge Coconut Correction 4.5 2.75 1.75NA 0.1
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ANOVA®

sum of
Model Squares df MeanSquare F sig.
1 Regression 1338.147 4 334537 14889 000"
Residual 561.720 2 22489
Total 1899.867 2

a.Dependent Variable: calorissnumber

b. Predictors: (Constant), sugamumber, fatcalnumber, sodiumnumber, proteinnumbsr




