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Introduction

Throughout this project, regression analysis will be used to determine which variables have the greatest affect on the six year college graduation rate. There are many variables to consider as to why students who enter into a university as freshman obtain their college degree. Motivation is probably the best factor to consider. However, it is not easily measurable for any type of analysis. Therefore, I have decided to use the following five variables to measure the effect on graduation rates: median SAT/ACT scores, tuition/fees, size of university’s undergraduate program, student-faculty ratio, and 1st year retention rate. I analyzed the data and ran various models in order to reach the best predictors of the graduation rate. 
Data

The data used for this analysis was obtained from the following website: http://www.collegeresults.org/search2a.aspx
The data shows the results for 1824 colleges and universities throughout the nation. The time-frame of the data is a six year graduation rate for 2009. I limited the data to public and private (not-for-profit).  After “cleaning” the data or removing any field with non-applicable data, I will be using 1341 school for the regression. The clean data set can be found in the Excel file under worksheet VEEProject_Data
The following explanatory variables will be used in the model (X’s):

· SAT: 

Median SAT/ACT Score

· TF:

Tuition/Fees of the university

· S:

Size of undergraduate program
· SFR:

Student-Faculty Ratio

· R:

1st Year Retention Ratio

Response Variable: Y = Graduation Rate
Initial model: Y = α + β1SAT + β2TF+ β3S+ β4SFR+ β5R
The results from the initial model can be seen below. Given that R2 = 0.741354, the five variables used appear to be able to predict the graduation rates fairly well. (Sheet: Regression1 in Excel spreadsheet)
	Regression Statistics
	
	
	
	

	Multiple R
	0.86102
	
	
	
	

	R Square
	0.74135
	
	
	
	

	Adjusted R Square
	0.74039
	
	
	
	

	Standard Error
	0.09384
	
	
	
	

	Observations
	1341
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	5
	33.69293399
	6.738587
	765.2979
	0

	Residual
	1335
	11.75491647
	0.008805
	 
	 

	Total
	1340
	45.44785046
	 
	 
	 

	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	-0.545488998
	0.028080766
	-19.4257
	3.17E-74
	

	SAT
	0.000517509
	3.2404E-05
	15.97054
	1.12E-52
	

	TF
	4.47275E-06
	3.5118E-07
	12.73632
	3.77E-35
	

	S
	1.90148E-06
	5.37266E-07
	3.539186
	0.000415
	

	SFR
	-0.000448793
	0.000377014
	-1.19039
	0.234106
	

	R
	0.61798444
	0.03235765
	19.09856
	4.45E-72
	


Based on the p-values above, 1st year retention rate (R variable) seems to be the best predictor of graduation rates followed closely by tuition and fees (TF) and SAT/ACT scores. In fact, the only variable in which the p-value is not 0 is the student-to-faculty ratio. 
Multicollinearity Regression on Initial Model 

A multiple regression model with correlated explanatory variables can indicate how well the variables as a whole can predict the college graduation rate. Therefore, I decided to test the multicollinearity of the five variables in the above model. 
The graph below shows the correlation (R-squared values) between two variables. (The full results of the regression analysis can be found in the worksheet labeled Multicollinearity Regressions in the Excel workbook)
	 
	SAT
	TF
	S
	SFR
	R

	SAT
	1
	 
	 
	 
	 

	TF
	0.246017
	1
	 
	 
	 

	S
	0.04004
	0.144016
	1
	 
	 

	SFR
	0.140005
	0.078724
	0.000136
	1
	 

	R
	0.513504
	0.130713
	0.084283
	0.089837
	1


Based on the above results of the multicollinearity regression, there appears to be very weak correlations between most of the variables. The only pair of variables that show any sign of some correlation are median SAT/ACT scores and the first year retention rate. Intuitively this makes sense. Students with higher SAT/ACT scores are “test-wise” more intelligent and could therefore, handle the freshman year transition and class work more appropriately. In an attempt to improve the efficiency of the model, I will remove the median SAT/ACT score and re-run the regression analysis. 
Model #2: Y = α + β1TF+ β2S+ β3SFR+ β4R

The results from the second model can be seen below. Given that R2 = 0.6919, the remaining four variables used also appear to be able to predict the graduation rates fairly well. (Sheet: Regression3 in Excel spreadsheet)
	Regression Statistics
	
	
	
	

	Multiple R
	0.8318
	
	
	
	

	R Square
	0.6919
	
	
	
	

	Adjusted R Square
	0.6910
	
	
	
	

	Standard Error
	0.1024
	
	
	
	

	Observations
	1341
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	31.44710206
	7.861776
	750.1979
	0

	Residual
	1336
	14.00074839
	0.01048
	 
	 

	Total
	1340
	45.44785046
	 
	 
	 

	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	-0.235414117
	0.022132236
	-10.6367
	2.02E-25
	

	TF
	6.74088E-06
	3.50392E-07
	19.23808
	5.35E-73
	

	S
	3.98317E-06
	5.68617E-07
	7.005008
	3.9E-12
	

	SFR
	-0.001600675
	0.000403705
	-3.96496
	7.73E-05
	

	R
	0.894488272
	0.029822254
	29.99399
	1.5E-151
	


The R2 value for the second model is a little worse than the initial model with all five variables. (Less correlated) However, the p-values for each explanatory variable are all below zero with the Student to Faculty Ratio being the best predictor of college graduation rates. In fact, this regression shows that the 1st year retention rate is actually the least likely predictor of the graduation rate. 
Since the R2 value for this model was lower than the original, I will re-run the regression by replacing the 1st year retention rate with the median SAT/ACT scores. 

Model #3: Y = α + β1SAT+ β2TF+ β3S+ β4SFR
The results from the third model can be seen below. In this model, R2 = 0.6707, which is lower than Model #2 and much lower than the Initial Model. (Sheet: Regression3 in Excel spreadsheet) 
	Regression Statistics
	
	
	
	

	Multiple R
	0.8190
	
	
	
	

	R Square
	0.6707
	
	
	
	

	Adjusted R Square
	0.6697
	
	
	
	

	Standard Error
	0.1058
	
	
	
	

	Observations
	1341
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	30.48120106
	7.6203
	680.2271
	0

	Residual
	1336
	14.9666494
	0.011203
	 
	 

	Total
	1340
	45.44785046
	 
	 
	 

	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	-0.456784602
	0.03123745
	-14.623
	4.96E-45
	

	SAT
	0.000848642
	3.08779E-05
	27.48378
	3.6E-132
	

	TF
	5.5302E-06
	3.9116E-07
	14.13796
	2.14E-42
	

	S
	4.66301E-06
	5.8365E-07
	7.989396
	2.91E-15
	

	SFR
	-0.000877797
	0.000424498
	-2.06785
	0.038846
	


Based on the above results, I have determined that the original model which included both the median SAT/ACT score and the 1st year retention rate has given the best result to predict the graduation rate. Even though the correlation between the SAT/ACT scores and 1st year retention rate is .513504, these variables are no where near perfect correlation. Therefore, I ran one more model including these two variables and excluding the Student-to-Faculty Ratio which had the lowest p-value in the initial model. 
Model #4: Y = α + β1SAT+ β2TF+ β3S+ β4R

The results from the fourth model can be seen below. Given that R2 = 0.7411, the four variables used appear to be able to predict the graduation rates just as well as the initial model. (Sheet: Regression4 in Excel spreadsheet)
	Regression Statistics
	
	
	
	

	Multiple R
	0.8609
	
	
	
	

	R Square
	0.7411
	
	
	
	

	Adjusted R Square
	0.7403
	
	
	
	

	Standard Error
	0.0939
	
	
	
	

	Observations
	1341
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	33.68045685
	8.420114
	955.9698
	0

	Residual
	1336
	11.7673936
	0.008808
	 
	 

	Total
	1340
	45.44785046
	 
	 
	 

	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	-0.56245989
	0.024196303
	-23.2457
	1.2E-100
	

	SAT
	0.000524888
	3.18104E-05
	16.5005
	8.22E-56
	

	TF
	4.50105E-06
	3.50429E-07
	12.84441
	1.09E-35
	

	S
	1.86962E-06
	5.36683E-07
	3.483654
	0.000511
	

	R
	0.620279369
	0.032305207
	19.2006
	9.43E-73
	


As in the initial model, the first year retention rate appears to have the greatest ability to predict graduation rates. Also, notice that the p-values above are even smaller than model #3. As a final test, I will run only the 1st year retention rate variable to see if it alone can be used to predict graduation rates. 
Model #5: Y = α + β1R

The results from the fifth model can be seen below. In this model, R2 = 0.5897, which is much lower than any of the previous models. Therefore, first year retention rate alone is not the best predictor of graduation rates. (Sheet: Regression5 in Excel spreadsheet) 
	Regression Statistics
	
	
	
	

	Multiple R
	0.7679
	
	
	
	

	R Square
	0.5897
	
	
	
	

	Adjusted R Square
	0.5893
	
	
	
	

	Standard Error
	0.1180
	
	
	
	

	Observations
	1341
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	1
	26.79853575
	26.79854
	1924.105
	2.8612E-261

	Residual
	1339
	18.64931471
	0.013928
	 
	 

	Total
	1340
	45.44785046
	 
	 
	 

	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	-0.353913737
	0.020766838
	-17.0423
	4.28E-59
	

	R
	1.197714576
	0.027304797
	43.86462
	2.9E-261
	


Conclusion
Based on the above regression analysis, I would recommend using Model #4 to predict the six year college graduation rate. The model has one less variable than the Initial Model and almost the exact same R-squared value. By having one less variable, the p-values are smaller making the explanatory variables more reliable predictors of the graduation rate. Taking everything into consideration, median SAT/ACT scores and first year retention rates are the best predictors of the college graduation rate. 
