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Introduction:
Regression analysis will be used to determine which college statistics are the best predictors of a college’s graduation rate.  All data is from 1993 and was taken from the website http://mathforum.org/workshops/sum96/data.collections/datalibrary/
data.set6.html, and copied into the first tab of my supporting Excel spreadsheet.  There were 569 colleges with complete data for the variables I chose to focus on, and the rest of the data was discarded.  The most powerful regression model will be constructed by selecting the variables that provide the highest adjusted R-squared as well as attempting to reduce multi-collinearity.   The regression will be conducted at a 95% confidence level.
The independent variables are public (1) or private (2), Average ACT score, percentage of new students from the top 25 percent of their high school class, out-of-state tuition, and student to faculty ratio.   
The initial model will incorporate six explanatory variables (five independent variables and one constant term).  By examining the adjusted R2, the t statistic for the explanatory variables, and by exploring the multi-collinearity of the variables, I will attempt to construct better models.  The goal is to obtain the most predictive model using the fewest explanatory variables as needed.
Variables:
Y = Graduation Rate
X1 = Public (1) or Private (2)
X2 = Average ACT Score
X3 = Percentage of new students from the Top 25 percent
X4 = Out-of-state tuition
X5 = Student to faculty ratio
Five Variable Equation:
Y = 6.829 X1 + 1.885 X2 + 0.096 X3 + 0.001 X4 – 0.006 X5 – 9.28 
	Regression Statistics

	Multiple R
	0.641291

	R Square
	0.411254

	Adjusted R Square
	0.406025

	Standard Error
	13.70017

	Observations
	569


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-9.28019
	7.396370624
	-1.2547
	0.21011

	Public (1)/ Private (2)
	6.828622
	1.583324971
	4.312837
	1.9E-05

	ACT
	1.885254
	0.375141387
	5.025449
	6.76E-07

	% new stud. from top 25%
	0.096407
	0.046003388
	2.095648
	0.036559

	out-of-state tuition
	0.00114
	0.000236517
	4.81884
	1.86E-06

	stud./fac. Ratio
	-0.00641
	0.124245804
	-0.05156
	0.9589


Public versus private, ACT scores, and out-of-state tuition seem to play very important roles in determining the overall graduation rate, as evidenced by their extremely low p-values.  Based on the p-value alone, student to faculty ratio appears to not be very important in affecting the graduation rate.  The t-statistics for public versus private, ACT score, out-of-state tuition, and percentage of students from top 25% meet and exceed the requirements for a two-tailed 95% significance test.  However, student to faculty ratio does not meet the requirements of the t-test.
With an R-square of 0.411254, and an adjusted R-square of 0.406025, this model does not appear to have tremendous predictive power for graduation rate.  
The student to faculty ratio, according to the estimates in this model, appears to not be a strong predictor of average score.  Indeed, with a t-stat of -0.05156, it is not significant at the 95% level.  Thus, we can not be 95% certain that the true stat is different from zero.  This variable will be dropped from the future models.  

Four Variable Equation:
Y = 6.8453 X1 + 1.8848 X2 + 0.096627 X3 + 0.001142 X4 – 9.42692
	Regression Statistics

	Multiple R
	0.641288

	R Square
	0.411251

	Adjusted R Square
	0.407075

	Standard Error
	13.68805

	Observations
	569


	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-9.42692
	6.820912396
	-1.38206
	0.1675
	-22.8244
	3.970572
	-22.8244
	3.970572

	Public (1)/ Private (2)
	6.845252
	1.548749822
	4.419857
	1.18E-05
	3.80323
	9.887274
	3.80323
	9.887274

	ACT
	1.884811
	0.374711032
	5.030038
	6.6E-07
	1.148811
	2.62081
	1.148811
	2.62081

	% new stud. from top 25%
	0.096627
	0.045765122
	2.111359
	0.035181
	0.006736
	0.186517
	0.006736
	0.186517

	out-of-state tuition
	0.001142
	0.000232086
	4.920728
	1.13E-06
	0.000686
	0.001598
	0.000686
	0.001598


As in the previous model, public/private, ACT, out-of-state tuition, have very low p-values and t-stats well above the 95% confidence level, indicating they are key predictors.    The R-square has dropped, but by only a very small amount.  The adjusted R-square, which takes into account that simpler models with fewer explanatory variables should be preferred, also has dropped.  This suggests that the previous model had more explanatory power.  However, this current model is still to be preferred if one wants to ensure that all explanatory variables are significant at a 95% level.  Thus, this model is preferred to the five variable model.
Next, we will check for multi-collinearity in the four variable model.  It would seem that students who are in the top 25% of their high school class might also have high ACT scores, so that relationship should be checked and examined.  Also, private schools are generally more expensive than public schools, so we will also inspect that relationship.
The results for the correlations are:

	 

	Public (1)/ Private (2)

	ACT

	% new stud. from top 25%

	out-of-state tuition


	Public (1)/ Private (2)

	1

			
	ACT

	0.201766251

	1

		
	% new stud. from top 25%

	0.111099061

	0.74524786

	1

	
	out-of-state tuition

	0.566611844

	0.628025504

	0.499523357

	1



	
	

	
	


There is a very high degree of correlation between ACT and percentage of new students from top 25%, so we may want to consider dropping one of these variables.  There are also high degrees of correlation for all of the variables with out-of-state tuition, which suggests that variable should be dropped.
In order to have a model with as little multi-collinearity as possible, we will now try a model which ignores out-of state tuition.  Later, we will also try a model that ignores percentage of new students from top 25%.
Three Variable Equation (removed out-of-state tuition):
Y = 11.2877 X1 + 2.66783 X2 + 0.12298 X3 – 25.14113
	Regression Statistics

	Multiple R
	0.621269

	R Square
	0.385975

	Adjusted R Square
	0.382714

	Standard Error
	13.96641

	Observations
	569


	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-25.14113
	6.149722401
	-4.08817
	4.98E-05
	-37.2202
	-13.062
	-37.2202
	-13.062

	Public (1)/ Private (2)
	11.287722
	1.283988777
	8.791137
	1.78E-17
	8.765748
	13.8097
	8.765748
	13.8097

	ACT
	2.6678302
	0.346143734
	7.70729
	5.81E-14
	1.987945
	3.347716
	1.987945
	3.347716

	% new stud. from top 25%
	0.1229783
	0.046375013
	2.651822
	0.008231
	0.03189
	0.214067
	0.03189
	0.214067


The R-square for this model has been reduced slightly, implying that there is not much difference between the four variable model and the five variable model.  The adjusted R-square has also been reduced, but this may be accepted as a consequence of reducing the multi-collinearity of the model.  

With this new model, the t-stats have all increased, and the p-values are all extremely low.  Because the correlation test indicated there was multi-collinearity present between ACT score and percentage from the top 25%, we will study another model where we will drop the variable for percentage of students from the top 25% and add back in the out-of-state tuition variable.
Three Variable Equation (removed % from top 25):

Y = 6.46355 X1 + 2.37375 X2 + 0.0011994 X4 – 15.21322
	Regression Statistics

	Multiple R
	0.63765

	R Square
	0.406597

	Adjusted R Square
	0.403447

	Standard Error
	13.72987

	Observations
	569


	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-15.2132185
	6.265218804
	-2.4282
	0.015485
	-27.51918
	-2.90725456
	-27.5191825
	-2.9072546

	Public (1)/ Private (2)
	6.46354912
	1.542861737
	4.189325
	3.25E-05
	3.4331041
	9.493994112
	3.433104122
	9.49399411

	ACT
	2.37374763
	0.295487217
	8.033334
	5.55E-15
	1.7933601
	2.954135194
	1.793360075
	2.95413519

	out-of-state tuition
	0.00119937
	0.000231196
	5.187688
	2.97E-07
	0.0007453
	0.00165348
	0.000745263
	0.00165348


The R-square and adjusted R-square for this model are almost exactly the same as the four variable model.  This three variable model is favored over all of the previous models because it has reduced multi-collinearity between ACT score and percentage from top 25 while retaining almost all of the strength in the R-square and adjusted R-square that the four and five variable models held.
With this new model, the t-stats have once again all increased, and the p-values are all extremely low.  Because the correlation test indicated there was so much multi-collinearity present between out-of-state tuition and the other variables, we will study one final model where we will drop the variable for out-of-state tuition.
Two Variable Equation:
Y = 11.083X1 + 3.3495 X2 – 33.6258
	Regression Statistics

	Multiple R
	0.615087

	R Square
	0.378332

	Adjusted R Square
	0.376136

	Standard Error
	14.04064

	Observations
	569


	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-33.6257882
	5.279761679
	-6.36881
	3.95E-10
	-43.9961
	-23.2555
	-43.996106
	-23.2554704

	Public (1)/ Private (2)
	11.08299766
	1.288477366
	8.601624
	7.74E-17
	8.552217
	13.61378
	8.55221678
	13.6137785

	ACT
	3.349478078
	0.233053938
	14.37212
	3.74E-40
	2.891722
	3.807234
	2.89172192
	3.80723424


The adjusted R-square of this model has decreased from the three variable model, but multi-collinearity has been removed.  Additionally, all of the t-stats are very high, indicating that all of the variables are significant at our desired level of 95%.  

The Regression Model:

Based on this analysis, the model that I prefer is 

Y = 6.46355 X1 + 2.37375 X2 + 0.0011994 X4 – 15.21322

This model has nearly the same R-square and adjusted R-square that the four and five variable models had.  All of the coefficients are significant at a 95% level and have p-values that are also extremely low.  Also, multi-collinearity between ACT score and percentage from the Top 25 has been removed by taking out the top 25 variable.

There is still a high degree of multi-collinearity between out-of-state tuition, and one could argue that the two variable model should be preferred for this reason.  Since the R-square is not that high to begin with, in any of the regression models we have examined, I feel it is important to get the highest adjusted R-square that is possible, and would accept some multi-collinearity as a result.
Conclusion:
The best model that predicts the graduation rate at a college is:

Y = 6.46355 X1 + 2.37375 X2 + 0.0011994 X4 – 15.21322
Y = Graduation Rate

X1 = Public (1) or Private (2)

X2 = Average ACT Score

X4 = Out-of-state tuition

This model predicts that a private college as opposed to a public college will have a higher graduation rate.  Indeed, if all other variables are held constant, changing from public to private increases the graduation rate by almost 6.5%.  Similarly, an increase of $5,000 in tuition with everything else held constant increases the graduation rate by 6%.  The effect of a one point increase in ACT score is not quite as strong, but it too increases the graduation rate by approximately 2.4%.  


As a parent and graduate from a private school, this was an interesting topic to study.  Given that my chosen model’s R-square and adjusted R-square are only at the 0.4 level, my model’s predictive power is not very powerful, so if I would want to someday apply the results of this regression analysis to my daughter’s choice in colleges, I would need to be careful and realize that there are other factors that help determine a college’s graduations rate.  Since she just turned five years old, at least we have a while before we will be forced to make that decision! 
