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Executive Summary (Abstract)
Data relating to the average total indebtedness  of college students at graduation were analyzed. The quantitative data consisted of  average total indebtedness, annual total cost, average SAT score, and room and board.  These, with additional new data, were further broken down by categories: Public-Private, Suburban-Urban-Rural, Hi-Low TOFEL scores, East-West, Religious–Non-Religious.  The explanatory data analysis (EDA) suggests that financial support may be a hidden variable in explaining indebtedness.
The EDA, consisting of linear regression and line analysis, shows the following:
a) Average total cost for suburban and urban schools has a linear relationship to indebtedness, but average total cost for rural schools does not.  

b) Cost of room and board has a linear relationship to indebtedness for urban and suburban schools, but cost of room and board for rural schools does not.
c) Average SAT score has a positive linear relationship to indebtedness for suburban and urban schools, but a negative linear relationship for rural schools. The negative relationship for rural schools suggests the possibility of financial support for higher scoring students.
d) There is no significant linear relationship of annual total cost to indebtedness for either east or west schools.
e) Non-religious schools exhibited a positive linear relationship of annual total cost to indebtedness while religious schools showed a slightly negative linear relationship of annual total cost to indebtedness.  The negative relationship for religious schools suggests the possibility of financial support.
The results of the exploratory data analysis suggest that indebtedness is a function of location (suburban-urban-rural), religious affiliation, SAT scores, TOFEL scores, average total cost, and cost of room and board.
Best Subsets analysis showed the following:

· Total indebtedness is principally a function of  location (X1:Suburban=0,Urban=1, Rural=2),  type of school (X2:Public=0, Private =1), and TOFEL score (X3:Low=0, High=1).  The regression equation is:

· Y=10909-1033X1+3096X2+1471X3
Hence a suburban(X1=0), public school (X2=0) with a low TOFEL score (X3=0)  would expect to have an average indebtedness of $10,909.
A rural (X1=2) private school (X2=1)  with a high TOFEL score (X3=1)  would have an average indebtedness of $13,409.
Statistical Objective

Determine which of the variables in the given data set are related to average student indebtedness at graduation using regression analysis techniques. Compute the regression equation and interpret the results.
Explanatory Data Analysis
Multiple pairs of variables were examined and two additional variables were added, East-West, and religious affiliation. The categorical variables are coded as follows:
· Location: Suburban=0, Urban=1, Rural =2

· Type of School:  Public = 0, Private = 1

· Term:  Semester = 0, Other = 1

· TOFEL:  less than 550 = 0, At least 550 = 1

· East-West:  West = 0, East = 1

· Religious Affiliation: Non religious = 0, Religious = 1  

Simple linear regression was performed on average total indebtedness as a function of Average SAT, room and board, and annual total cost with selections on each of the categorical variables. A LINE analysis was conducted to test the robustness of the linear regression analysis.

Existing Data:
Construct scatter plots for pairs of variables given in the data set to identify possible relationships. Refer to sheets in the Excel file univ&col-EDA.xls.

1. See Sheet AS-AnnTotCosttoIndebtedness, a scatter plot comparing annual total cost to average indebtedness for all schools. There does not appear to be a significant linear relationship.

2. See AS-R&BToIndebtedness, a scatter plot comparing room & board to average Indebtedness. There does not appear to be a significant linear relationship.

3. See AS-AvgTotalSATtoIndebtedness, a scatter plot comparing average total SAT score to average indebtedness. There does not appear to be any linear relationship.

4. See Pu-AnnTotCostToIndebtedness, a scatter plot comparing average total cost to average indebtedness for public schools only. There appears to be a linear relationship.

5. See Pr-AnnTotCostToIndebtedness, a scatter plot comparing average total cost to average indebtedness for private schools only. There appears to be no linear relationship.

6. See Pr-AnnTotCostToIndebtedness, a scatter plot comparing average total cost to average indebtedness for private schools only. There appears to be no linear relationship.

7. See Pu-R&BToIndebtedness, a scatter plot comparing room & board to average total indebtedness for public schools only. Very little linear relationship.

8. See Pr-R&BToIndebtedness, a scatter plot comparing room & board score to average total indebtedness for private schools only. Almost no linear relationship.

9. See Pu-SATtoIndebtedness, a scatter plot comparing average total SAT score to average total indebtedness for public schools only. Almost no linear relationship.

10. See Pr-SATtoIndebtedness, a scatter plot comparing average total SAT score to average total indebtedness for private schools only. Slightly negative linear relationship.

11. See Sub-AnnTotCostToIndebtedness, a scatter plot comparing average total cost to average indebtedness for suburban schools only. Positive linear relationship.

12. See Urb-AnnTotCostToIndebtedness, a scatter plot comparing average total cost to average indebtedness for urban schools only. Positive linear relationship, but less than that of suburban schools.

13. See Rural-AnnTotCostToIndebtedness, a scatter plot comparing average total cost to average indebtedness for rural schools only. Slightly negative linear relationship.

14. See Sub-R&BtoIndebtedness, a scatter plot comparing room & board to average total indebtedness for suburban schools only. Positive linear relationship.

15. See Urb-R&BtoIndebtedness, a scatter plot comparing average total cost to average indebtedness for urban schools only. Positive linear relationship, but less than that of suburban schools.

16. See Rural-R&BtoIndebtedness, a scatter plot comparing average total cost to average indebtedness for rural schools only. Slightly negative linear relationship.

17. See Sub-AvgTotSATtoIndebtedness, a scatter plot comparing average total SAT score to average total indebtedness for suburban schools only. Almost no linear relationship.

18. See Urb-AvgTotSATtoIndebtedness, a scatter plot comparing average total SAT score to average total indebtedness for urban schools only. Very little linear relationship.

19. See Rural-AvgTotSATtoIndebtedness, a scatter plot comparing average total SAT score to average total indebtedness for rural schools only. Negative linear relationship, suggesting financial support.

20. See TOEFL <550-AnnCosttoIndebtedness, a scatter plot comparing average total cost to average total indebtedness for students with TOEFL scores less than 550. Positive linear relationship, suggesting less financial support for students with low scores.

21. See TOEFL >=550-AnnCosttoIndebtedness, a scatter plot comparing average total cost to average total indebtedness for students with TOEFL scores greater than or equal to 550. Positive linear relationship, but less than that for TOEFL < 550.

22. See SemesterTerm-AnnCosttoIndebted, a scatter plot comparing average total cost to average total indebtedness for semester term schools. Positive linear relationship.

23. See OtherTerm-AnnCosttoIndebtedness, a scatter plot comparing average total cost to average total indebtedness for other term schools. Very little linear relationship.

New Data:
Construct scatter plots for schools located in the East vs West, and for schools with a religious vs non-religious affiliation using statistics from the Princeton Review (http://www.princetonreview.com). Refer to sheets in the Excel file univ&col-EDA.xls.

1. See Sheet West-AnnCosttoIndebtedness, a scatter plot comparing annual total cost to average indebtedness for schools located West of the Mississippi River. There appears to be very little linear relationship.

2. See Sheet East-AnnCosttoIndebtedness, a scatter plot comparing annual total cost to average indebtedness for schools located East of the Mississippi River. There appears to be a positive linear relationship.

3. See Sheet NonRel-AnnCostToIndebtedness, a scatter plot comparing annual total cost to average indebtedness for schools with no religious affiliation. There appears to be a positive linear relationship.

4. See Sheet Rel-AnnCostToIndebtedness, a scatter plot comparing annual total cost to average indebtedness for schools with a religious affiliation. There appears to be a slightly negative linear relationship, suggesting financial support.
LINE Analysis

Perform LINE testing for the following plots based on R^2 > 20%:

1. Pu-AnnTotCostToIndebtedness R^2 = 0.2683

2. Sub-AnnTotCostToIndebtedness R^2 = 0.2988

3. Urb-AnnTotCostToIndebtedness R^2 = 0.205

4. Sub-R&BtoIndebtedness R^2 = 0.2169

5. Rural-AvgTotSATtoIndebtedness R^2 = 0.5015

6. TOEFL<550-AnnCosttoIndebtedness R^2 = 0.4291

7. NonRel-AnnCostToIndebtedness R^2 = 0.219
Perform LINE test on Rel-AnnCostToIndebtedness R^2 = 0.0053, because the slightly negative linear relationship is consistent with the suggestion of financial support for students at schools with a religious affiliation.

Perform LINE test on TOEFL>=550-AnCosttoIndebtedness, R^2 = 0.1154, because the slightly positive linear relationship for TOEFL >=550 is consistent with the suggestion of financial support for students with higher scores.

Graph 1. Pu-AnnTotCostToIndebtedness

Linearity. See Sheet 1. Pu-Residual Plot for X1. There is no apparent pattern to the residuals. 

Independence. All data are collected from the same time period so there’s no need to evaluate independence.

Normality. See Sheet 1. Pu-NormalPlot. The plot appears to be normal.

Equal Variance. See Sheet 1. Pu-Residual Plot for X1. The variance is independent of X1.

The regression equation is Y = 0.767X + 64.711.

The LINE tests show that the linear model is reasonable and so we can conclude there is positive linear relationship between annual total cost and average total indebtedness for public schools.

 Graph 2. Sub-AnnTotCostToIndebtedness

Linearity. See Sheet 2. Sub-Residual Plot for X1. There is no apparent pattern to the residuals. 

Independence. All data are collected from the same time period so there’s no need to evaluate independence.

Normality. See Sheet 2. Sub-NormalPlot. The plot appears to be normal.

Equal Variance. See Sheet 2. Sub-Residual Plot for X1. The variance is independent of X1.

The regression equation is Y = 0.412X + 5743.18.

The LINE tests show that the linear model is reasonable and so we can conclude there is positive linear relationship between annual total cost and average total indebtedness for suburban schools.

Graph 3. Urb-AnnTotCostToIndebtedness

Linearity. See Sheet 3. Urb-Residual Plot for X1. There is no apparent pattern to the residuals. 

Independence. All data are collected from the same time period so there’s no need to evaluate independence.

Normality. See Sheet 3. Urb-NormalPlot. The plot appears to be normal.

Equal Variance. See Sheet 3. Urb-Residual Plot for X1. The variance is independent of X1.

The regression equation is Y = 0.3304X + 6034.06.

The LINE tests show that the linear model is reasonable and so we can conclude there is positive linear relationship between annual total cost and average total indebtedness for urban schools.

Graph 4. Sub-R&BtoIndebtedness

Linearity. See Sheet 4. Sub-R&BResidual Plot for X1. There is no apparent pattern to the residuals. 

Independence. All data are collected from the same time period so there’s no need to evaluate independence.

Normality. See Sheet 4. Sub-R&BNormalPlot. The plot appears to be normal.

Equal Variance. See Sheet 4. Sub-R&BResidual Plot for X1. The variance is independent of X1.

The regression equation is Y = 1.5812X + 4957.62.

The LINE tests show that the linear model is reasonable and so we can conclude there is positive linear relationship between room & board and average total indebtedness for suburban schools.

Graph 5. Rural-AvgTotSATtoIndebtedness

Linearity. See Sheet 5. Rural-Residual Plot for X1. There is no apparent pattern to the residuals. 

Independence. All data are collected from the same time period so there’s no need to evaluate independence.

Normality. See Sheet 5. Rural-NormalPlot. The plot appears to be normal.

Equal Variance. See Sheet 5. Rural-Residual Plot for X1. The variance is independent of X1.

The regression equation is Y = -16.4881X + 31001.26.

The LINE tests show that the linear model is reasonable and so we can conclude there is negative linear relationship between annual total cost and average total indebtedness for rural schools.

Graph 6. TOEFL<550-AnnCosttoIndebtedness

Linearity. See Sheet 6.LowTOEFLResidual Plot for X1. There is no apparent pattern to the residuals. 

Independence. All data are collected from the same time period so there’s no need to evaluate independence.

Normality. See Sheet 6. LowTOEFLNormalPlot. The plot appears to be normal.

Equal Variance. See Sheet 6.LowTOEFLResidual Plot for X1. The variance is independent of X1.

The regression equation is Y = 0.7695 – 772.19.

The LINE tests show that the linear model is reasonable and so we can conclude there is positive linear relationship between annual total cost and average total indebtedness for schools with TOEFL < 550.

Graph 7. NonRel-AnnCostToIndebtedness

Linearity. See Sheet 7. NonRelResidual Plot for X1. There is no apparent pattern to the residuals. 

Independence. All data are collected from the same time period so there’s no need to evaluate independence.

Normality. See Sheet 7. NonRel-NormalPlot. The plot appears to be normal.

Equal Variance. See Sheet 7. NonRelResidual Plot for X1. The variance is independent of X1.

The regression equation is Y = 0.3396X + 6150.12.

The LINE tests show that the linear model is reasonable and so we can conclude there is positive linear relationship between annual total cost and average total indebtedness for schools with no religious affiliation.

Graph 8. Rel-AnnCostToIndebtedness

Linearity. See Sheet 8. RelResidual Plot for X1. There is no apparent pattern to the residuals. 

Independence. All data are collected from the same time period so there’s no need to evaluate independence.

Normality. See Sheet 8. Rel-NormalPlot. The plot appears to be normal.

Equal Variance. See Sheet 8. NonRelResidual Plot for X1. The variance is independent of X1.

Best Subsets Analysis
PHStat2 can only accommodate 7 independent variables in the Best Subsets procedure, thus two of the independent variables needed to be removed. Based on the explanatory data analysis, there is little dependence on East-West and type of term. Before performing the Best Subset procedure, VIF was calculated for each of the variables.  Annual total cost was the only variable that had a VIF > 5, suggesting that average total cost is highly correlated with the other variables, hence this variable was removed.
The independent variables used in the Best Subsets analysis are as follows:

· X1=Religious Affiliation

· X2=Location

· X3=Public-Private

· X4=SAT

· X5=TOEFL

· X6=Room and Board

The Best Subsets output was sorted on the quantity Cp/(k+1) < = 1 and sub-sorted on Adj, R Squared (largest to smallest). The best subset of variables were determined to be X2X3X5. Sets of variables including either X1 or X4 had similar Adj, R Squared values. The smaller subset of variables was chosen because of the parsimony principle, which states that a model with fewer variables is to be preferred to one with many. Thus the result of the best subsets analysis is that average total indebtedness depends principally on the following independent variables:
· Location

· Public-Private

· TOEFL

Using these three independent variables (labeled X1, X2, X3), multiple regression analysis showed:

Y=$10,909-$10,33X1+$3,096X2+$1,471X3

Hence a suburban(X1=0), public school (X2=0) with a low TOFEL score (X3=0) would expect to have an average indebtedness of $10,909. While, a rural (X1=2) private school (X2=1)  with a high TOFEL score (X3=1)  would have an average indebtedness of $13,409.
Analysis of the residuals shows no pattern, equal variance and approximately normal probability distribution.
Conclusion
The explanatory data analysis suggests that average indebtedness depends on the following:

· Cost of room and board

· Location: suburban, urban, rural

· Public vs private

· Religious vs non-religious

· SAT Score

· TOFEL Score

· Annual total cost

A VIF analysis was preformed suggesting that average total cost is highly correlated with the other variables. A Best Subsets analysis was performed (with average total cost removed) on the remaining variables. The analysis showed that average total indebtedness was principally a function of  location, public-private, & TOFEL score. The regression equation was determined.  

It is interesting to note that there is no correlation of total annual cost to average indebtedness for religious institutions suggesting that religious institutions may provide some significant financial assistance to their students. Hence, financial assistance may be a hidden variable.

