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Introduction:
Regression analysis will be used to determine the most powerful predictor of population in any given state.  Five variables will be used and different models will be analyzed to determine which is the most predictive of the true value using regression analysis.  These variables are infant deaths, violent crime, gross state product, unemployment rate, and federal funding
.  All regression analysis will be conducted at a 95% confidence interval.
The analysis will began by evaluating the model using six explanatory variables (five independent and one constant term) and this model will then be improved upon by analyzing the resulting R², t-statistic, and multi-collinearity.  Depending on the model, it may be best to remove a variable in order to strengthen the model, so this will be explored as well.  The purpose of this analysis is to find the most predictive model for population using the above explanatory variables.
Variables:
Y = Population
X1 = Infant Deaths
X2 = Violent Crime
X3 = Gross State Product
X4 = Unemployment Rate
X5 = Federal Funding
Five Variable Equation:
Y = -57.2 X1 - .6 X2 + 21.1 X3 – 25.6 X4 + 132.3 X5 + 987.1
[image: image1.emf]Regression Statistics

Multiple R 0.990700263

R Square 0.981487011

Adjusted R Square 0.979430012

Standard Error 883.3771093

Observations 51

Coefficients Standard Error t Stat P-value

Intercept 987.117147 801.3361523 1.231839028 0.224407569

Infant death rate -57.22443742 81.58252216 -0.701430109 0.486646473

Violent Crime Rate -0.574682606 0.521017061 -1.103001512 0.275890435

Gross State Product 21.09512526 5.41122526 3.89840087 0.000319503

Unemployment Rate -25.5541089 96.48250508 -0.264857436 0.792328734

Federal Funding 132.2914889 27.90232929 4.741234594 2.16594E-05


This model has an R² of .98 and an adjusted R² of .979, indicating that it is a very good model.  However, it would be a more efficient model if it contained fewer variables and continued to have significant results.  We need to determine which variable is least predictive in order to decide which is best to exclude.

Looking at the p-values for all of the variables, gross state product and federal funding have the most significant p-values, while unemployment rate seems to be the least predictive of population.  Unemployment rate does not have a significant t-statistic or p-value, indicating that this variable is not value adding to the model and can be removed.
Four Variable Equation:
Y = -55.8 X1 - .6 X2 + 21.0 X3 + 132.5 X5 + 843.5
[image: image2.emf]Regression Statistics

Multiple R 0.990685697

R Square 0.981458151

Adjusted R Square 0.979845816

Standard Error 874.4031724

Observations 51

Coefficients Standard Error t Stat P-value

Intercept 843.4773213 583.9384835 1.444462636 0.15538633

Infant Deaths -55.82569569 80.58437894 -0.692760761 0.491942518

Violent Crime Rate -0.614340329 0.493968517 -1.243683164 0.219917089

Gross State Product 20.99277156 5.342577824 3.929333787 0.000284068

Federal Funding 132.518556 27.60583861 4.800381465 1.71209E-05


After removing the unemployment rate variable, the R² and adjusted R² are significant yet again at .981 and .980, respectively.  Looking at the p-values, it seems that federal funding and gross state product are the most predictive variables in the model, with the lowest p-values.  The p-value for infant death rate increased from the last model, while the p-value for violent crime rate decreased.  The t-statistic increased for both gross state product and federal funding, again illustrating that these are efficient variables to include in the model.  

In order to determine which variable would be best to exclude next, the multi-collinearity should be addressed.  These are the correlations between the remaining variables:

	
	Correlation

	Infant Death and Crime Rate
	0.711156867

	Infant Death and Gross Product
	-0.030479258

	Infant Death and Federal Funds
	0.028426643

	Gross Product and Federal Funds
	0.982216945


It seems that there is a very high correlation between gross product and federal funds, which is intuitive.  There is also a high correlation between infant death and crime rate.  However, the correlation is highest for gross product and federal funding, so it might be best to exclude one of the variables for the next model.  Since federal funding had the lower p-value and higher t-statistic, it would be better to exclude gross product for the next model.
Three Variable Equation:
Y = -82.902 X1 - .936 X2 –  238.699X5 + 995.473
	Regression Statistics

	Multiple R
	0.987539708

	R Square
	0.975234675

	Adjusted R Square
	0.973653909

	Standard Error
	999.740329

	Observations
	51


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	995.4734587
	666.1738604
	1.4943148
	0.141777402

	Infant Deaths
	-82.90223278
	91.79788972
	-0.903095191
	0.371080804

	Crime Rate
	-0.935697372
	0.556979526
	-1.679949311
	0.099603319

	Federal Funds
	238.6994008
	6.453647438
	36.98674324
	2.09893E-36


The R2 for this model has only been reduced slightly, implying the model is still powerful predictor.  The adjusted R2 has also been reduced slightly, but this will be accepted as a consequence of reducing the multi-collinearity of the model.  

The t-statistic for federal funding is now very high, indicating that it is significant at the 95% significance level.  Therefore, it would be imperative to keep this variable in the equation.  Looking at the statistics, it seems that the p-values for infant deaths and crime rate have been reduced, with the crime rate variable being more significant.  Seeing that the p-value for infant deaths is significantly higher, we will exclude this from the next model.
Two Variable Equation:
Y = 25.995 X2 – 103.536 X5 + 131.351
	
	

	Regression Statistics

	Multiple R
	0.987322099

	R Square
	0.974804927

	Adjusted R Square
	0.973755132

	Standard Error
	997.8179475

	Observations
	51


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	437.7771292
	249.3863619
	1.755417281
	0.085568286

	Crime Rate
	-1.320116251
	0.358520638
	-3.68212067
	0.000585905

	Federal Funding
	241.0245007
	5.906479317
	40.8067967
	6.35927E-39


The adjusted R-square of this model has increased very slightly from the three variable model.  The p-value and t-statistic for federal funding are very significant, so it would make sense to look at this variable to see if it is predicative on its own.  The less variables in a model, the better predictive it is if the statistics continue to be significant.  Hopefully federal funding will provide an accurate enough prediction on its own.
One Variable Equation (Federal Funding):
Y = 232.299 X2 – 154.104
	Regression Statistics

	Multiple R
	0.983711524

	R Square
	0.967688362

	Adjusted R Square
	0.967028941

	Standard Error
	1118.3959

	Observations
	51


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-154.1039675
	213.7099191
	-0.72108945
	0.474281055

	Federal Funding
	232.2986937
	6.064017611
	38.30772082
	3.47352E-38


As with the last model, the R-square value is high and the t-stat and p-value are significant.  Therefore, after this analysis it seems that federal funding is an accurate enough predictor to use in a one-variable equation to determine population.
The Regression Model:

Based on this analysis, the model that is to be preferred is 

Y = 232.299 X2 – 154.104

This model has a high p-value as well as significant t-stats and p-values.  The goal is always to use the best model with the lower number of variables, and seeing that this model only needs one variable to be predictive is promising.
Conclusion:
The best model that predicts population of a state is:

Y = 232.299 X2 – 154.104

Y = Population
X3 = Federal Funding
This model predicts that the population with increase by 233 points with each increase in federal funding, which is an intuitive result.  Those states which are allocated more money would have a higher population and vice versa.  
� All data is from http://mathforum.org/workshops/sum96/data.collections/datalibrary/data.set6.html








