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ABSTRACT

Using a binary probit model, variables are tested and analyzed for possible effects on Marietta College retention.  Using the Marietta College freshman class of 1999 for a sample, data is gained and an equation generated.  After analysis, several conclusions are reached.  Variables such as financial need, high school GPA and participation in the Marietta College work study program are found to significantly increase the probability or retention at Marietta College.  While variables like participation in extracurricular activities, race, having a declared major and SAT scores have a slightly less significant impact on the probability of retention among Marietta College freshmen.  Through this process, three interesting conclusions were also reached.  First, work study has a greater influence on a student’s decision to stay at Marietta College than do other extracurricular activities.  Secondly, SAT scores and high school GPAs are not highly correlated, which means that these two variables measure different aspects of a student’s academic ability.  And finally, the positive effects of GPA on the probability of retention are higher at higher GPAs.
INTRODUCTION

Student retention has proven to be a problem for many colleges and universities, including Marietta College.  This paper looks at some of the variables believed to have an impact on student retention rates.  Through the use of EViews Software, the effects of these variables on the probability of retention are analyzed.  The sample consists of the Marietta College freshmen class of 1999.


The following sections of this paper take the reader through the various processes and procedures of an econometric model.  First the variables are described and their inclusion in this equation is justified.  These variables are then tested for multicollinearity and a regression equation is run through the use of the binary probit model.  The estimation results are then analyzed and conclusions are stated.

VARIABLES AFFECTING MARIETTA COLLEGE RETENTION 

After doing some research, there may be several variables that affect retention in an academic institution.  These factors include: gender, race, chosen major, SAT scores, high school GPA, work study, college involvement and financial need.  Looking at a combination of these variables, a predication can be made: will this Marietta College freshman graduate from Marietta College?


Colleges today realize the importance of retaining students.  Each student has with him/her a potential value.  Institutions lose money on each student they are unable to retain.  To help cope with this problem, many colleges and universities have tried to improve retention rates.  But before this can be done successfully, they must first realize what variables have the largest impact on a student’s decision to stay or leave and cater to those factors.  To solve this issue, a question must be answered: what are the factors affecting the probability of retention; where retention is defined as the act of beginning an undergraduate education at Marietta College and graduating with a degree from Marietta College.  Using a sample of 257 Marietta College freshmen in 1999, data provided by the Marietta College records office and the EViews Software, Equation 1 is developed and estimated.
EQUATION 1:  Probability of MC Retention = f (GENDER, RACE, MAJOR, SAT, SAT2, GPA, GPA2, FINANCIAL, EXTRA, WORKSTUDY) + ERROR TERM 
The dependent variable of Equation 1 is a dummy variable that takes a value of one if a freshman that began in the fall of 1999 graduated from Marietta College and a value of zero if he/she did not graduate from Marietta College.  Table 1 defines the independent variables included in Equation 1 and the expected signs of their coefficients.
Table 1:
	Independent Variables of Equation 1 and The Expected Signs of their Coefficients

	
	
	

	Variables
	Definition
	Expected Sign of Coefficient

	
	
	

	GENDER
	Gender of student 

(male = 1 and female = 0)
	Ambiguous

	
	
	

	RACE
	Race of student 

(Caucasian = 1 and minority = 0)
	Positive

	
	
	

	MAJOR
	Major 

(decided = 1 and undecided = 0)
	Positive

	
	
	

	SAT 1
	SAT score
	Positive

	
	
	

	SAT 2
	(SAT)2
	Negative

	
	
	

	GPA 1
	High School GPA
	Positive

	
	
	

	GPA 2
	(GPA)2
	Negative

	
	
	

	FINANCIAL
	Financial Need 

(amount students must pay to Marietta College)
	Negative

	
	
	

	EXTRA
	Extracurricular Activities 

(participated = 1, did not participate = 0)
	Positive

	
	
	

	WORKSTUDY
	Work Study 

(participated = 1 and did not participate = 0)
	Positive



The variable of gender (GENDER) is a dummy variable where males take a value of one and females take a value of zero.  According to a study done by the University of Colorado (2004), Females have about a 69% chance of being retained while males have about a 63% chance of being retained.  With this information, the predicted sign of the coefficient would be negative.  However, this is only one institution and the difference in retention by gender is only a few percentage points.  The College Student Journal (2004) reports that there is no link between gender and retention.  But, it will be interesting to test and see if the gender of each student affects his/her probability of retention at MC.  B

The second variable, RACE, is also a dummy variable that takes a value of one for a Caucasian student and a value of zero for a minority student.  Minorities have often been found to have a lower retention rate than that of white students.  The journal Black Issues in Higher Education (2000) supports this conclusion. Through their empirical study, they found that black students have a lower retention rate than others.  The University of Connecticut (2004) also reached similar results with their own data showing that 71.6% of whites were retained until graduation, while only 58.2% of minorities (not including Asian Americans who had a retention rate of 76%) were retained.  For this reason, I would assume that race would have a positive sign.

Although there has been little research to support the inclusion of chosen major (MAJOR), Equation 1 will test for the possibility that declaring a major will improve the chances of a student being retained.  This variable is also a dummy variable where a value of one is assigned to those students who have chosen a major during their freshman year and a value of zero assigned to those students who have not chosen a major.  In my opinion, when a student knows what they want to do in school, they are more likely to work towards that goal.  Undecided majors may be unsure about what to do with their lives and are therefore less likely to put in the amount of time, effort and money needed to be successful at college.  It is also possible that once a major is decided, that it will not be offered at Marietta College; forcing the student to transfer.  Therefore, I believe that the variable MAJOR will have a positive sign.

Other variables that will most likely have an effect on the retention rate of students will be prior academic performance measurements.  By looking at the Standard Achievement Test (SAT) scores and the student’s high school grade point average (GPA), an assessment of their academic ability can take place.  The SAT score will be measured by the cumulative SAT score reported to Marietta College by the College Board.  For those students who chose to take the American College Test (ACT) instead of the SAT, their scores will be converted into SAT scores on the basis of CaliforniaColleges.edu measurements.  This score will help to assess the academic ability of enrolled students compared with others.  The sign of this coefficient is expected to be positive.  The higher the SAT score, the more likely that the student is prepared for college.  However, a very high SAT score may also signify that the student may desire more academic challenges than those offered by Marietta College.  To account for this, SAT2 is used.  Mathematically SAT2 is simply SAT squared.  Equation 1 takes SAT2 and uses it to capture the negative impact on retention that a very high SAT score may have.  By predicting that the coefficient of SAT2 is negative but smaller than the coefficient of SAT, one can conclude that at low levels of SAT, as the student’s SAT score rises, so does the probability of retention.  However, as higher SAT scores are reached, the probability of that student being retained decreases; causing a negative correlation between SAT2 and the probability of retention.   
The students GPA will also be used to establish an overview of their academic history.  GPA will be measured on a 4.0 scale and is based on high school grades.  According to Carolyn Kern, Nancy Fagley and Paul Miller’s assessment in The Journal of College Counseling (1998), GPA is a fundamental indicator of retention rates.  Therefore, by looking at a students GPA, an important indicator of whether or not that student will be retained is gained.  GPA2 is included in Equation 1 to capture a possible nonlinear affect of GPA on the probability of retention at Marietta College.  By accounting for high intelligence, this variable captures the possible scenario of the coursework at Marietta College lacking the academic challenges necessary to retain very intelligent students.  This study predicts (using the GPA variable) that the higher the GPA, the more likely the student will stay at Marietta College; giving its coefficient a positive sign.  But using the same logic used for the variable SAT2, GPA2 will reflect the possible negative relationship of a student’s very high GPA.  By predicting that the coefficient of GPA2 is negative but smaller than the coefficient of GPA, the conclusion that at low GPAs, as a student’s GPA increases the likelihood that this student will be retained also increases is obtained.  But, as higher GPAs are reached, the probability of that student being retained decreases.  Students with very high GPA’s may not feel they are being challenged enough at Marietta College and would transfer.  Once GPA reaches a certain point, the likelihood of retention will decrease; making the sign of this coefficient negative.  
The financial need of a student is a strong indicator of whether or not that student can afford to stay at Marietta College, and this variable is denoted by FINANCIAL.  FINANCIAL is measured by the amount of money that the student actually has to pay to attend classes at Marietta College.  Although, according to the Education journal (2003), a university may have little control accommodating for this retention factor, it probably plays an important role in the student’s decision of whether they can afford to stay at Marietta College or any other school.  As with any economic theory, the higher the cost, the less likely the student will stay and graduate from Marietta College.  The coefficient of FINANCIAL is expected to be negative.

All of the variables listed above deal with whether or not the student is prepared to attend college.  But there are other variables like college involvement during their freshmen year - which includes things like athletics and Greek Life - (EXTRA) that also may affect the student’s willingness to stay at Marietta College.  Work study (WORKSTUDY) can also by used to measure how active a student is in campus life.  These variables are dummy variables; taking a value of one for participation and a value of zero for no participation.  Because students involved in campus tend to assimilate with campus and make valuable connections, they are probably more likely to stay at the college they enroll at.  According to the Education journal (2003), one of the main reasons that students drop out of college is because they have not been able to assimilate well with the rest of the student body.  Based on this research, the expected sign of the coefficient would be positive.
METHOD OF ESTIMATION

Normally, generating an equation based on these variables would simply be done using the Ordinary Least Squared (OLS) method.  However, since this particular equation’s dependent variable is a dummy variable, OLS creates several problems:  (1) the error term is not normally distributed (2) the error term is inherently heteroskedastic (3) R bar squared is not an accurate measure of the overall fit (4) the dependent dummy variable is not bounded by 0 and 1.  To help cope with these problems, the binominal probit model is used.  

The binominal probit model avoids the unboundedness problem by using a variant of the cumulative normal distribution.  Through a technique termed maximum likelihood (ML), which is an iterative estimation technique that is especially useful for equations that are nonlinear in the coefficients, a more accurate equation can be created.  ML is unbiased and has minimum variance for large samples.  It also produces normally distributed coefficient estimates; allowing for a typical hypothesis testing to be applied. The only drawback of this method occurs when trying to make quantitative conclusions.  The binary probit model produces results that are nonlinear; making the coefficients of the variables qualitative and not quantitative.
MULTICOLLINEARITY

Multicollinearity is when the every movement of one variable is matched exactly by a relative movement in another variable; causing the two variables to be indistinguishable.  There are five major consequences of multicollinearity: (1) estimates will remain unbiased (2) the variances and standard errors of the estimates will increase (3) the computed t-scores will fall (4) estimates will become very sensitive to changes in specification (5) the overall fit of the equations and the estimation of nonmulticollinear variables will be largely unaffected.  

In this study, multicollinearity is tested by using a correlation matrix (Table2).  This process involves examining the simple correlation coefficients of the independent variables.  It is important to remember that it is near impossible to find an equation with no multicollinearity.  So rather than distinguishing whether or not multicollinearity exists, this test quantifies how much correlation exists.  If this correlation – depicted by “r” – is above .7, then there is a problem with multicollinearity.  However, if r is below .7, multicollinearity is not viewed as severe enough to cause a problem, and it is looked past.  Table 2 provides the correlation coefficient for this analysis.
 
Table 2
Correlation Coefficients Among Independent Variables of Equation 1
	 
	EXTRA
	FINANCIAL
	GENDER
	GPA
	GPA2
	GRAD
	MAJOR
	RACE
	SAT
	SAT2
	WORKSTUDY

	EXTRA
	1
	
	
	
	
	
	
	
	
	
	

	FINANCIAL
	0.063266
	1
	
	
	
	
	
	
	
	
	

	GENDER
	0.029806
	0.112308
	1
	
	
	
	
	
	
	
	

	GPA
	-0.068942
	-0.211155
	-0.202
	1
	
	
	
	
	
	
	

	GPA2
	-0.067987
	-0.214716
	-0.201783
	0.997093
	1
	
	
	
	
	
	

	GRAD
	0.046443
	-0.211292
	-0.06995
	0.335978
	0.34255
	1
	
	
	
	
	

	MAJOR
	-0.075145
	-0.085372
	-0.081716
	0.072303
	0.0698
	0.098249
	1
	
	
	
	

	RACE
	0.054446
	-0.103178
	-0.094644
	0.132539
	0.132869
	0.138955
	0.044918
	1
	
	
	

	SAT
	-0.110866
	-0.262564
	-0.050475
	0.537075
	0.547198
	0.260626
	-0.009086
	0.083617
	1
	
	

	SAT2
	-0.100722
	-0.263508
	-0.047929
	0.533146
	0.5442
	0.260497
	-0.01296
	0.078583
	0.996477
	1
	

	WORKSTUDY
	0.015507
	0.374492
	-0.085017
	0.041375
	0.034598
	0.078139
	-0.036851
	0.002589
	-0.105065
	-0.105836
	1


Red = multicollinearity problem
Based on the data found in Table 2, multicollinearity exists between SAT and SAT2 along with GPA and GPA2.  Once this multicollinearity is found, a decision has to be made on what to do to correct the problem.  There are several possible solutions to consider.  One is to do nothing.  The variable may cause multicollinearity but in the long run, this may cause less of a problem than an omitted variable would.  A second option is to drop the redundant variables.  This way, the importance of SAT and GPA are only measured once.  Another option is to take a combination of the two variables (SAT & SAT2 and GPA & GPA2) that are so closely related to try and capture the relevance of both.  And a fourth and final option to this problem would be to increase the sample size and hope that the multicollinearity corrects itself.

The solution that is used here is simply dropping these variables.  However, to make sure that the best combination of SAT or SAT2 and GPA or GPA2 are chosen, for the remainder of the research, four different versions of Equation 1 will be tested.
Equation 1A:  
Probability of MC Retention = f (GEND, RACE, MAJOR, SAT, GPA, FINANCIAL, EXTRA, WORKSTUDY) and the ERROR TERM 

Equation 1B:  
Probability of MC Retention = f (GEND, RACE, MAJOR, SAT2, GPA, FINANCIAL, EXTRA, WORKSTUDY) and the ERROR TERM 

Equation 1C:  
Probability of MC Retention = f (GEND, RACE, MAJOR, SAT, GPA2, FINANCIAL, EXTRA, WORKSTUDY) and the ERROR TERM 

Equation 1D:  
Probability of MC Retention = f (GEND, RACE, MAJOR, SAT2, GPA2, FINANCIAL, EXTRA, WORKSTUDY) and the ERROR TERM 

ESTIMATION RESULTS

The estimation results of Equations 1A through 1D are reported in Table 3.  The sample size is 257 composed of 144 freshmen students retained and 114 freshmen students not retained.
Table 3:

Summary of Estimation Results of Equation 1A – 1D: (Dependent variable = Probability of Retention)
	Independent Variables
	Equation 1A
	Equation 1B
	Equation 1C
	Equation 1D
	Expected Sign of Coefficient

	CONSTANT
	-3.555244
	-2.947508
	-2.534867
	-1.925788
	

	
	z = -3.9093
	z = -3.6394
	z = -3.0061
	z = -2.9107
	

	EXTRA
	0.249602
	0.246631
	0.247565
	0.245515
	Positive

	
	z = 1.4653
	z = 1.4472
	z = 1.4515
	z = 1.4406
	

	FINANCIAL
	-0.0000377
	-0.0000382
	-0.0000376
	-0.0000382
	Negative

	
	z = -2.7569
	z = -2.7860
	z = -2.7445
	z = -2.7817
	

	GENDER
	0.092059
	0.0736
	0.096984
	0.078431
	Ambiguous

	
	z = 0.5226
	z = 0.4176
	z = 0.5496
	z = 0.4447
	

	GPA
	0.636453
	0.660374
	N/A
	N/A
	Positive

	
	z = 3.1139
	z = 3.2348
	
	
	

	GPA2
	N/A
	N/A
	0.104615
	0.107494
	Negative

	
	
	
	z = 3.2520
	z = 3.3462
	

	MAJOR
	0.565838
	0.487092
	0.560549
	0.48712
	Positive

	
	z = 1.4466
	z = 1.2542
	z = 1.4370
	z = 1.2566
	

	RACE
	0.322887
	0.294895
	0.317797
	0.292261
	Positive

	
	z = 1.3197
	z = 1.2074
	z = 1.2983
	z = 1.1959
	

	SAT
	0.001045
	N/A
	0.000974
	N/A
	Positive

	
	z = 1.6412
	
	z = 1.5195
	
	

	SAT2
	N/A
	0.00000047
	N/A
	4.38E-07
	Negative

	
	
	z = 1.5584
	
	z = 1.4447
	

	WORKSTUDY
	0.442817
	0.447626
	0.443594
	0.448168
	Positive

	
	z = 2.391
	z = 2.4174
	z = 2.3930
	z = 2.4193
	

	Pseudo R2
	0.13994245
	0.13997365
	0.14257656
	0.14259925
	 


	*** Significant at 1%

	** Significant at 5%

	* Significant at 10%


To distinguish which version of Equation 1 produced the best results, pseudo R2 is used.  Based on the work of Judge (1988), the pseudo R2 is comparable to the coefficient of determination in an OLS model.  Mathematically this equates to:

Pseudo R2 = 1 – [ln l(Ω) / ln l(ω)]
where ln l(Ω) is the log likelihood of the estimated equation and ln l(ω) is the log likelihood for the equation while the only independent variable used is the constant.


In this case, each of the equations tested seem to bear similar results, but Equation 1D is slightly better than the others.  The most crucial variables to Equation 1D are those with 1% significance; which include FINANCIAL, GPA2 and WORKSTUDY.  After analysis of these variable’s coefficients, the following conclusions can be drawn.  First, from the coefficient of FINANCIAL (-0.0000382), this equation predicts that an increase in tuition will have a negative impact on the probability of retention.  This negative correlation is what was expected.  The second significant variable at 1% is GPA2, with a coefficient of (0.107494); meaning that the higher a student’s GPA, the more likely they are retained by Marietta College.  This conclusion does not fit with this study’s predictions.  For this study predicted that at low levels of GPA, there would be a positive correlation between the Probability of Retention and GPA2.  However, at higher levels of GPA, this study predicted that there would be a negative correlation between the Probability of Retention and GPA2.  This was not the case.  In fact, as a student’s high school GPA increases, their probability of retention increases at a greater rate.  The third and final significant variable at a 1% level of significance is WORKSTUDY.  In Equation 1D, WORKSTUDY has a coefficient of  (0.448168); meaning that a student involved in work study at Marietta College is more likely to be retained than a student that does not participate in this activity.  This positive correlation between WORKSTUDY and the Probability of Retention was expected.

In Equation 1D, there were not any variables that were significant a 5%, which brings the analysis to a level of 10% significance.  At a 10% significance level, the variables EXTRA, MAJOR, RACE and SAT2 became significant.  EXTRA has a coefficient of (0.245515); meaning that a student involved in extracurricular activities is more likely to be retained than a student who remains uninvolved.  This conclusion agrees with the predictions made before the study began.  The variable MAJOR, which has a coefficient of (0.48712), captures the effect of choosing a major during a student’s freshman year.  Like predicted before the study began, if that student has chosen a major by their freshman year, he/she is more likely to be retained than a student who has not chosen a major.  The variable RACE, which has a coefficient of (0.292261), also proves to be significant at a 10% level.  This means that a Caucasian student is more likely to be retained than a minority student.  This positive correlation between RACE and the Probability of Retention was expected.  And the fourth and final variable significant at a 10% level is a student’s SAT score squared.  The variable SAT2, with a coefficient of (1.4447), captures the effect of a student’s GPA on retention.  The results were different than what was predicted at the beginning of the study.  What this study predicted was that at low GPA’s there would be a positive correlation between the Probability of Retention and a student’s high school GPA.  However, at higher levels of high school GPA the probability of that student being retained decreases. But what was found was the higher a student’s SAT score – it does not matter how high - , the more likely that student will be retained by Marietta College.  And even more interesting was that an increase in high SAT scores would increase retention at Marietta College more than an increase in a lower SAT score.

The only variable in Equation 1D that was insignificant at all levels of testing was GENDER.  This study did not find a significant amount of evidence that the gender of a student affects his/her probability of retention at Marietta College.
CONCLUSIONS

This study attempted to find the factors that determine whether or not a freshman at Marietta College would graduate from Marietta College.  Of the ten independent variables tested, seven were found to be significant.  These factors include: participation in extracurricular activities, race, having a declared major, SAT score, high school GPA, cost of a Marietta College education and participation in the work study program.  


Other than numerical conclusions, this study also provided some unexpected results.  It was interesting to see that participation in Marietta College’s work study program entices freshman to stay and graduate from Marietta College more than participation in extracurricular activities does.  Another intriguing fact found in this study was that GPA and SAT were not highly correlated.  Put in other words, this means that a student’s high school GPA does not measure the same aspects of education as the Standard Achievement Test.  

A third conclusion reached by this study that was not expected was the effects of GPA2 and SAT2.  In the beginning, it was predicted that there would be a negative correlation between GPA2 and the Probability of Retention at Marietta College, and that there would be a negative correlation between SAT2 and the Probability of Retention at Marietta College.  However, after the equation was estimated, these predictions proved themselves to be inaccurate.  In reality, the positive effects of both SAT and GPA on the Probability of Retention are higher at higher levels of SAT and GPA.


Overall, this study found an equation that helped to predict weather or not a freshmen entering Marietta College would be retained until graduation.  It tested for multicollinearity and then allowed for several combinations of variables to see which combination worked the best together.  Using Pseudo R2, the best equation was chosen and its variables were analyzed.  This process allowed an understanding of what affects retention rates at Marietta College to be gained, and it proved to be successful.
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