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Background

For my student regression project, I went through numerous data sets and the increasing number of student projects available on the NEAS website in order to decide what to base my project on. Going through the decision making process eating a Fillet-o-fish sandwich from McDonalds I decided to check the hypothesis that the fast food we eat is full of calories from Fat and therefore unhealthy. I decided to look at the nutritional value of the various products available at McDonalds in UK and regress the total energy or calorie count on 7 explanatory variables. The purpose of this project is to see which variables are good predictors of the calorie count and prove the hypothesis that food at McDonalds is high on fat content.

Data

I have taken the data from the McDonalds UK website http://www.mcdonalds.co.uk/food/nutrition/nutrition-counter.mcd?dnPos=-242
More details of the data can be found on the excel file attached under “Dataset” tab.

Analysis
I will use Excel’s regression add-in to run the regression at 95% confidence interval and by analysing the results; eliminate some of the explanatory variables to determine the best fit.

The variable chosen for the response variable is the calorie count:                                     Y = Calorie Count

Explanatory variables are:

X1 = Protein

X2 = Carbohydrates Total

X3 = Carbohydrates from Sugar 

X4 = Fat Total

X5 = Fat that Saturates

X6 = Fibre

X7 = Salt

Hypothesis: My hypothesis is that X4 has the biggest impact on the calorie count

Multicollinearity
Before regressing the response variable on the explanatory variables, I decided to test the multicollinearity among the variables to check if due to strong correlation some of the variables can be eliminated. 

The results of this can be found in the excel spreadsheet under the “MultiCol” tab.

From the results we see that Fat from Saturate only and Fat total have a very high correlation of 0.79. This is expected as Fat from saturate is a subset of the total fat. 

We will use these results later on in the analysis to eliminate one of the Fat variables.

Regression Analysis 1 (Excel tab “Regression 1”)
The regression equation is: 

Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 
For the first regression cycle I run all seven explanatory variables using Excel’s regression add-in

The results of the regression are as follows:

	Regression Statistics
	
	
	

	Multiple R
	0.999785703
	
	
	

	R Square
	0.999571452
	
	
	

	Adjusted R Square
	0.999238137
	
	
	

	Standard Error
	3.498703785
	
	
	

	Observations
	17
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	7
	256963.3611
	36709.05158
	2998.878113

	Residual
	9
	110.1683536
	12.24092817
	

	Total
	16
	257073.5294
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-1.16819
	3.77459
	-0.30949
	0.76400

	Protein (g)
	3.97090
	0.27797
	14.28521
	0.00000

	Carbs Total (g)
	3.98749
	0.12994
	30.68664
	0.00000

	Carbs Sugar only (g)
	0.80780
	0.51375
	1.57237
	0.15031

	Fat Total (g)
	9.31246
	0.34811
	26.75131
	0.00000

	Fat Saturate Only (g)
	-0.65475
	0.53375
	-1.22670
	0.25106

	Fibre (g)
	-0.00026
	1.14815
	-0.00022
	0.99983

	Salt (g)
	-2.82712
	3.33481
	-0.84776
	0.41855


The regression equation using all 7 explanatory variables becomes:

Y = -1.1682 + 3.9709X1 + 3.9875X2 + 0.8078X3 + 9.3125X4 – 0.6548X5 – 0.0003X6 – 2.8271X7

· The resultant R square is very high 99%. The F stat is also high at 2999. This suggests that the 7 explanatory variables are good predictors for the calorie count. 

· However, the P-value for Fibre is high at 0.999 and the T stat is very low therefore I will remove this and re-run the regression.

Regression Analysis 2 (Excel tab “Regression 2”)

The regression equation is: 

Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β7X7 
	Regression Statistics
	
	
	

	Multiple R
	0.999785703
	
	
	

	R Square
	0.999571452
	
	
	

	Adjusted R Square
	0.999314323
	
	
	

	Standard Error
	3.319161855
	
	
	

	Observations
	17
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	6
	256963.3611
	42827.22684
	3887.434569

	Residual
	10
	110.1683542
	11.01683542
	

	Total
	16
	257073.5294
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-1.16835
	3.51556
	-0.33234
	0.74650

	Protein (g)
	3.97086
	0.19879
	19.97564
	0.00000

	Carbs Total (g)
	3.98747
	0.10977
	36.32537
	0.00000

	Carbs Sugar only (g)
	0.80779
	0.48457
	1.66702
	0.12648

	Fat Total (g)
	9.31250
	0.29419
	31.65483
	0.00000

	Fat Saturate Only (g)
	-0.65477
	0.50049
	-1.30825
	0.22006

	Salt (g)
	-2.82691
	3.03436
	-0.93163
	0.37347


The regression equation using 6 explanatory variables becomes:

Y = -1.1684 + 3.9709X1 + 3.9875X2 + 0.8078X3 + 9.3125X4 – 0.6548X5 – 2.8269X7

· The resultant R square is still very high 99%. The F stat has increased to 3887.  P-values have also decreased slightly which indicate that the resultant 6 variables are better predictors of the calorie count than the first run.

· However, the P-value for Salt is high at 0.3735 and the T stat is very low therefore I will remove this and re-run the regression.

Regression Analysis 3 (Excel tab “Regression 3”)

The regression equation is: 

Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 
	Regression Statistics
	
	
	

	Multiple R
	0.999767101
	
	
	

	R Square
	0.999534257
	
	
	

	Adjusted R Square
	0.999322555
	
	
	

	Standard Error
	3.299177134
	
	
	

	Observations
	17
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	5
	256953.7991
	51390.75983
	4721.432354

	Residual
	11
	119.7302674
	10.88456976
	

	Total
	16
	257073.5294
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-3.03410
	2.87197
	-1.05645
	0.31341

	Protein (g)
	3.87587
	0.16961
	22.85137
	0.00000

	Carbs Total (g)
	3.91291
	0.07468
	52.39604
	0.00000

	Carbs Sugar only (g)
	1.08692
	0.37855
	2.87130
	0.01521

	Fat Total (g)
	9.39378
	0.27926
	33.63790
	0.00000

	Fat Saturate Only (g)
	-0.89729
	0.42488
	-2.11186
	0.05839


The regression equation using 5 explanatory variables becomes:

Y = -3.0341 + 3.8759X1 + 3.9129X2 + 1.0869X3 + 9.3938X4 – 0.8973X5 
· The resultant R square is still very high 99%. The F stat has increased to 4721.  P-values have also decreased slightly which indicate that the resultant 5 variables are better predictors of the calorie count than the second run.

· However, the P-value for Carbs sugar only and Fat saturate only are still higher than the 95% confidence interval and the absolute T stats are also very low. From the multicollinearity analysis we also determined that Fat Saturate only is strongly correlated with Fat total therefore I will remove Fat saturate only and Carbs sugar only and re-run the regression.

Regression Analysis 4 (Excel tab “Regression 4”)

The regression equation is: 

Y = α + β1X1 + β2X2 + β4X4 

	Regression Statistics
	
	
	

	Multiple R
	0.999588896
	
	
	

	R Square
	0.999177962
	
	
	

	Adjusted R Square
	0.998988261
	
	
	

	Standard Error
	4.031837139
	
	
	

	Observations
	17
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	3
	256862.2052
	85620.73506
	5267.117296

	Residual
	13
	211.3242393
	16.25571071
	

	Total
	16
	257073.5294
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-1.73926
	3.20088
	-0.54337
	0.59607

	Protein (g)
	4.01146
	0.19699
	20.36347
	0.00000

	Carbs Total (g)
	4.00775
	0.08059
	49.72716
	0.00000

	Fat Total (g)
	9.07824
	0.24648
	36.83127
	0.00000


The regression equation using 3 explanatory variables becomes:

Y = -1.7393 + 4.0115X1 + 4.0078X2 + 9.0482X4 
· The resultant R square is still very high 99%. The F stat has increased to 5267. All of the p-values are statistically significant at a 95% confidence interval which indicates that the 3 remaining variables are good predictors of calorie count. 

· Since all p-values are statistically significant at 95% confidence interval and the t Stats are high, there is no need to do more runs. 
Regression Analysis individually (Excel tab “Regression Protein/Fat/Carbs”)

I also ran the 3 ran regression on the 3 remaining variables individually and got the following results:
	 
	Protein
	Carbs
	Fat

	R Squared
	74%
	65%
	74%

	F Statistic
	43
	28
	43


· The R-squares are lower than 99% which we have achieved in the other analysis and the F statistics are significantly lower thereby indicating that these variables individually are not as good a fit as they are together

Conclusion

Although all the runs produced R squares around 99%, the Analysis 4 produced the highest F stat as well as p-values of the explanatory variables were all statistically significant at 95% confidence interval. The resulting T stats were also very high therefore indicating that the following regression equation using 3 explanatory variables

Y = -1.7393 + 4.0115X1 + 4.0078X2 + 9.0482X4 
 is the best predictor of calorie count. This is also one with the lowest degrees of freedom.

 This is also the most relevant answer as we know that the most important contributors of calorie count are in fact Proteins, Carbohydrates and Fat.

The resulting equation also supports my hypothesis that the food available at McDonalds has very high fat content as for every calorie; the Fat content is more than 2 times the protein and carbohydrate content respectively. In fact Fat contributes more towards the calorie count than both Protein and Carbohydrates combined.

