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Regression Analysis – Student Project

Prosperity Rankings vs Religious Adherents and Suicide

In researching the student project, I was very interested to read the project from the winter 2010 where the student regressed five variables (infant deaths, violent crime, gross state product, unemployment rate, and federal funding) to see what had the largest impact on population in any given state.  Inspired by that project, I decided to do a similar project using data from the US census bureau to see if I could find the most likely predictors of personal income based on the fifty states ranked in order where all regression analysis will be conducted at a 95% confidence interval.
The analysis will be done by evaluating a model I designed from Census bureau data using the following seven explanatory variables (six explanatory and one constant term) and this model will then be improved upon by analyzing the resulting R², t-statistic, and P-Value.  Based on the results of the regression output, the model will be adjusted to be more predictive with the overall goal to find the most predictive model of what contributes to an increase of personal income. The following table shows the variables used with the adjusted R2 value (see "Individual Regressions" tab for full data) from a simple regression of the constant term with each explanatory term. As the greater the R2 term is, the higher the correlation there is, the table below is also the order of most correlated. This can be seen as well in the following scatter charts of Variables X1-X3 and X7.
	Variables1:
	Adjusted R2

	Y = Personal  Income
	N/A

	X1 = % of Persons above poverty line
	0.553

	X2 = % with Higher Ed 
	0.521

	X3 = Public School Teacher average salary
	0.411

	X4=Homeownership Rate
	0.187

	X5=Violent Crime
	-0.013

	X6 = Unemployment
	-0.014

	X7 = Federal Aid per Capita 
	-0.020



 All data is from http://www.census.gov/compendia/statab/rankings.html
The following charts show the relationship of the top three variables above as well as the bottom variable X7 where no apparent relationship exists between the states with the greatest personal income and Federal Aid received.
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Regression #1
The following is a regression the total module which in mathematical terms is: 
Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7
[image: image5.emf]Regression #1, All variables

Regression Statistics

Multiple R 0.895536753

R Square 0.801986076

Adjusted R Square 0.768983755

Standard Error 7.006493566

Observations 50

ANOVA

df SS MS F

Regression 7 8350.680012 1192.954 24.3009

Residual 42 2061.819988 49.09095

Total 49 10412.5

Coefficients Standard Error t Stat P-value

Intercept -0.896523196 4.789071354 -0.1872 0.852404

PERSONS above POVERTY LEVEL, 2008 (1= State w/least persons below) 0.5267351 0.113700927 4.632637 3.48E-05

Higher Ed 0.183723622 0.116115308 1.582252 0.121094

PUBLIC SCHOOL TEACHERS' AVERAGE SALARIES 0.273215149 0.113619851 2.404643 0.020675

HOMEOWNERSHIP RATE, 2008 0.224707565 0.081030555 -2.77312 0.008245

Violent Crime per 100 (1 is lowest) -0.139319486 0.08738724 -1.59428 0.118373

Unemploymnet (1 is lowest) 0.114472531 0.093546109 1.223702 0.227886

Federal Aid  Per Capita (1 is lowest) -0.156646199 0.07541157 -2.07722 0.043934


As can be seen from the results above, the Adjusted R2 was .769 which indicates the proportion of total variation on all the explanatory variables where one is perfect correlation and zero in none.  Furthermore, the P-value (with 95% confidence) for several of the indicators is greater than .05 which indicates which variables are the least correlated.  A further interesting insight is that Homeownership has a small P-value but and a large negative t-Stat indicating it is negatively correlated, ie this implies states with lower Homeownership rates have higher Personal Income.  All multi-variable regressions can be found in the attached Excel workbook by Regression # in the "Regression Output" tab.  
Regression #2

To attempt to improve the model, the following is a regression removing Unemployment:

[image: image6.emf]Regression Statistics

Multiple R 0.891586334

R Square 0.794926192

Adjusted R Square 0.766311242

Standard Error 7.046904365

Observations 50

ANOVA

df SS MS F

Regression 6 8277.168972 1379.528 27.7801

Residual 43 2135.331028 49.65886

Total 49 10412.5

Coefficients Standard Error t Stat P-value

Intercept 2.401189492 3.98173467 0.603051 0.549642

PERSONS above POVERTY LEVEL, 2008 (1= State w/least persons below) 0.582632855 0.104722138 5.563607 1.57E-06

PUBLIC SCHOOL TEACHERS' AVERAGE SALARIES 0.194030491 0.093931376 2.065662 0.04492

HOMEOWNERSHIP RATE, 2008 0.22513942 0.081497135 -2.76254 0.008405

Higher Ed 0.199134814 0.116096075 1.715259 0.093497

Violent Crime per 100 (1 is lowest)-0.131457633 0.087653404 -1.49974 0.140988

Federal Aid  Per Capita (1 is lowest)-0.170486277 0.074988651 -2.27349 0.028048

 
As can be seen above, by removing Unemployment from the regression, the Adjusted R squared declined somewhat from .769 to .766, however, the P- Value for all but two (Higher Ed and violent crime) are now below 3%.  Let's remove both Higher Ed and Violent Crime.
Regression #3
[image: image7.emf]Regression Statistics

Multiple R 0.872259695

R Square 0.760836975

Adjusted R Square 0.745239386

Standard Error 7.357759881

Observations 50

ANOVA

df SS MS F

Regression 3 7922.214999 2640.738 48.77914

Residual 46 2490.285001 54.13663

Total 49 10412.5

Coefficients Standard Error t Stat P-value

Intercept 10.39454434 3.535994343 2.939638 0.005126

PERSONS ABOVE POVERTY LEVEL, 2008 (1= State w/least persons below) 0.594287462 0.080287327 7.402008 2.28E-09

PUBLIC SCHOOL TEACHERS' AVERAGE SALARIES 0.27944345 0.086256408 3.239683 0.002226

HOMEOWNERSHIP RATE, 2008 -0.289909334 0.077477421 -3.74186 0.000506


The Adjusted R squared has now dropped again slightly from .766 to .745. However, now all P-values are less than 1%.  Also, the negative t-Stat of Homeownership is still apparent.  I will perform one more regression leaving out the Homeownership rate and see what happens:
Regression #4

[image: image8.emf]Regression Statistics

Multiple R 0.829482074

R Square 0.68804051

Adjusted R Square 0.674765638

Standard Error 8.31338089

Observations 50

ANOVA

df SS MS F Significance F

Regression 2 7164.221814 3582.111 51.83029 1.29213E-12

Residual 47 3248.278186 69.1123

Total 49 10412.5

Coefficients Standard Error t Stat P-value Lower 95%

Intercept 0.697883276 2.718265148 0.256738 0.798501 -4.770560759

PERSONS ABOVE POVERTY LEVEL, 2008 (1= State w/least persons below) 0.571385178 0.090451012 6.317068 8.9E-08 0.389421215

PUBLIC SCHOOL TEACHERS' AVERAGE SALARIES 0.395869107 0.090897799 4.355101 7.15E-05 0.213006326


Now the Adjusted R squared has dropped from .745 to .688 which is a significant drop. The t-Stats are now improved both being above 4.
Conclusion
After having performed the four above regressions as well as regressing each explanatory variable by the constant term, Personal Income, it seems none of the models are very good as I would have hoped to have an R squared above .95.  That said, Regression #3 is the best model where persons above the poverty rate, highest public school teachers salary, and the homeownership rates were regressed against personal income.  The adjusted R squared is only slightly less than that of the full regression in Regression #1 and all the P-values are less than 1%.  This leads me to conclude that states with lower personal income should work to increase public school teacher salaries and work to bring more people out from below the poverty level.  Also, homeownership is a detriment to higher income so states should consider reallocating the resources used to encourage homeownership toward a different goal .   Also, despite my initial hypothesis, unemployment, violent crime, and federal Aid have little or no effect on personal income.  
