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Fall 2016 - Observed vs. Predicted Graduation and Retention Report  
 
 

Executive Summary 

 First-time freshman graduation and retention rates at CSU vary substantially across Colleges and Departments.  

A small portion of this variance is directly attributable to differing levels of freshman academic preparedness and 

different distributions of demographic characteristics that are known to predict successful retention and graduation.  

This report attempts to identify departments whose freshmen students appear to be underperforming or 

overperforming on graduation and retention measures, compared to similar freshmen in other departments. 

 Report methodology has been updated to include analysis of department performance in reference to both 

separate by-college regression models, whose predictions are centered on that college’s observed retention/graduation 

rates, and full University regression models, which are centered on the full University retention and graduation rate. The 

by-college models are inherently biased toward identifying similar proportions of underachieving departments and 

overachieving departments for every college, regardless of the college’s overall performance.  The full University models 

compare each department’s performance to the University mean, and thus each individual college is unconstrained in 

terms of how many of its departments may be identified as over- or under-performing.  

 Across each model type and both outcome measures, the College of Natural Sciences has the highest proportion 

of underachieving departments of any studied college.  For the full University graduation and retention models, 100% of 

Natural Science departments underachieve on both retention and graduation compared to expectations for students 

with similar academic preparation and demographic characteristics.  Whether this consistent pattern of 

underperformance among Natural Science departments is appropriate, due to program rigor or other reasons, is outside 

of the scope of this study. 

 Departments in other colleges that statistical underperform across all studied combinations of modeling and 

outcome measure include Electrical & Computer Engineering, Health & Exercise Science, and English. 

 Overall, across all four combinations of modeling and outcome measure we observe that statistically 

overachieving departments are less likely to serve higher proportions of Pell/First Generation/Minority than statistically 

underperforming departments.  Data on demographic distributions by department and details on the regression models 

are available in the Appendices. 
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Purpose 

 This report explores differences between an undergraduate department’s observed cohort retention and 
graduation rates and the department’s predicted cohort retention and graduation rates, based on the characteristics of 
its students.  Each department’s predicted retention and graduation rate is determined according to the demographic 
composition and academic preparedness of its First-Time, Full-Time Freshman (FTFT) cohort.  Department student 
success performance is assessed in relation to the observed graduation and retention rates for the department’s 
overseeing College in the first half of the report, and is indexed to observed graduation and retention rates for the full 
University in the latter half of the report.  Demographic data by college and department are available in the Appendix of 
this report, along with details on the regression models created to predict graduation and retention. 

Data 

 The data set for the retention portion of this report includes all first-time, full-time (FTFT) freshman students in 
the FA11 – FA15 cohorts.  The data for the graduation portion of the report includes all first-time, full-time freshman 
students in the FA06 – FA10 cohorts.  Five years of cohorts are examined to achieve adequate department-level sample 
sizes for quantitative inquiry while focusing only on the timeliest FTFT freshman cohorts.  Departments with fewer than 
25 FTFT freshmen majors over the selected cohort frames are excluded from this report (although data from low-N 
departments are included when calculating the college-level and full University predictive models).  

 Each student’s department is defined as their major department at census of their first fall semester.  For the 
retention portion of the study, successful retention is defined as a student returning to CSU during the second fall 
semester.  For the graduation portion of the study, successful graduation is defined as a student graduating within six 
years with a Bachelor’s degree from any CSU department. 

  

Methodology 

 Separate by-college logistic regression models are created to obtain the predicted probability that each FTFT 
freshman will retain to CSU and the predicted probability that each FTFT freshman will graduate with six years.  The 
colleges of Liberal Arts and Health & Human Sciences (HHS) are further broken down into subgroups due to the 
heterogeneity of the departments in those colleges.   

 The regression models predict retention and six year graduation using Index Score, which is the CCHE’s 
composite used for measuring high school student academic preparation, and several demographic variables that are 
known to impact CSU retention and graduation including gender, first generation status, Pell recipient status, Colorado 
state residency, and minority status.  Creating different regression models for each college grouping allows us to account 
for the fact that predictor variables show varying impacts on student outcomes across the different colleges. 

 Once the predicted retention and graduation rates are calculated for each student, these by-student predicted 
rates are averaged to calculate an average predicted retention and graduation rate by department.  The difference 
between each department’s average predicted rate and observed rate is described in this report as the percentage point 
(PP) difference between the model and actual rates.  95% confidence intervals are constructed around the department’s 
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predicted rates, and these predicted ranges are then used to determine whether the department’s observed retention 
and graduation rates are within the range predicted by the model.   

 Next, this methodology is repeated for both graduation and retention outcomes using a single full University 
regression model encompassing all colleges and departments.  This model assumes that the impacts of predictor 
variables are identical for all freshman cohort students, regardless of department of college affiliation.  The primary 
purpose of this second model is to reveal academic areas in which similarly-prepared students are more/less likely to 
persist and graduate without factoring in observed difference in retention and graduation at the college level. 

 

Study Limitations 

 While this methodology appears to hold intuitive appeal to administrative decision makers, there are a host of 
limitations that suggest exceedingly cautious interpretation of its findings. 

1. For colleges with more than one department, the by-college model assesses performance only in comparison to 
the other departments within its college or sub-grouping.  This approach is intrinsically biased toward identifying 
roughly similar proportions of high- and low-achieving departments (weighted by department cohort population 
size) in each college. 
 

2. For colleges with only one department, or one department that contains the vast majority of cohort students, 
the by-college model’s predicted value will always match the observed graduation rate.  For these departments, 
the full University model is a more suitable reference.  These cases are marked by *** in the following by-college 
results tables. 
 

3. The by-college models are based on the assumption that there are no rigor differences or other structural 
differences across departments within a college that would lead to differing success rates for similarly qualified 
students.  For example, even if every department in a college performs extremely well (by some objective 
standard) the by-college models will still identify some departments in that college as being low performers 
compared to other departments in the college. 
 

4. The full university model is based on the assumption that there are no rigor differences or other structural 
differences across departments or colleges throughout the university that would lead to differing success rates 
for similarly qualified students.  Thus in the full models any number of departments within a college can be 
flagged as statistically above- or below-average. 
 

5. This analysis is descriptive in nature and cannot warrant causal attributions.  Any significant difference that is 
observed indicates that the department has a higher or lower rate based on the cohort characteristics and the 
performance of comparison departments.  A significant difference does not necessarily indicate that the 
department has caused the higher or lower rate, or that these divergent rates are necessarily inappropriate, 
problematic, or laudable. 
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6. The predictive models used to create the predicted retention and graduation formulas capture a small portion of 
the variance associated with successful retention and graduation, as estimated by Nagelkerke R2 goodness of fit.  
Several other critical variables that may explain retention and graduation are omitted from these models, 
including (but not limited to) measures of by-department and by-college academic rigor, student interpersonal 
characteristics, high school characteristics, and in-depth financial data. 
 

7. Adding additional predictive variables to the model, such as programmatic rigor, would almost certainly alter the 
effects of this study.  
 

8. This study employs a cross-sectional analysis to answer questions posed over a long-term time frame.  One 
limitation of using this methodology for longitudinal analysis is that the model does not account for any changes 
in retention or graduation patterns that occur across the studied time frame.   
 

9. A related limitation is that each student is classified within their first-term major department, which is not 
necessarily the same department that they continue with throughout their CSU career.   Thus a portion of 
variance in the graduation outcome measure is functionally attributable to each department or college’s ability 
to provide quality advising to students who are best served by switching to a more suitable major or college for 
their skills and interests. 
 

10. The time lag between the studied cohorts and the reporting date means that it is possible that some observed 
differences are historical effects that have already been attenuated by departmental, college, or university-wide 
policy changes. 
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Results: Observed vs Predicted Retention, within college models 

Table 1 below displays observed and predicted retention rates by department for the by-college models.  Each 
predicted retention rate is the average predicted rate for that department’s students, according to the college’s 
regression model. For Business, Construction Management and Intra-University, by-college predictions are similar to 
observed rates due to lack of variance.  Non-highlighted departments have observed retention rates that fall within the 
95% confidence range of the predicted retention rate, and thus do not differ from the prediction.  Departments 
highlighted in green display an observed retention rate that is significantly greater than that predicted by the model, 
while those in red display an observed retention rate that is significantly lower than that predicted by the model. 

Table 1: Observed vs. Predicted Retention by Department, FA11-FA15 FTFT Freshman Cohorts 
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Summary of Results: Observed vs Predicted Retention, within college models 

• Three departments – Business Intra-College, Construction Management, and Provost/Academic VP Intra-Colege 
– are marked with *** because they exhibit little variance between observed and predicted solely due to 
modeling limitations. 
 

• Among the 43 remaining departments that qualify for this analysis, 10 departments (23%) display an observed 
retention rate within the predicted range; 17 departments (40%) have an observed retention that is lower than 
predicted by the regression model; and 16 departments (37%) have an observed retention that is higher than 
predicted. 
 

• Departments with higher than expected freshman retention rates versus comparison departments and at least 
200 students include: 

o Animal Sciences, Civil & Environmental Engineering, Engineering Intra-College, Food Science & Human 
Nutrition, Human Development & Family Studies, Communication Studies, Music Theatre & Dance, 
Sociology, Biology, Computer Science, and Biomedical Sciences. 
 

• Departments with higher than expected freshman retention rates, at least 200 students, and above average 
proportions of two or more of Pell, First Generation, and Minority students include: 

o Animal Sciences, Human Development & Family Studies, Music Theatre & Dance, Sociology, and Biology. 
o This represents 36% of statistically overachieving departments with over 200 students. 

 
• Departments with lower than expected freshman retention rates versus comparison departments and at least 

200 students include:  
o Electrical Engineering, Mechanical Engineering, Health & Exercise Science, Art, English, Political Science, 

Biochemistry & Molecular Biology, Psychology, and Fish, Wildlife, & Conservation Biology. 
 

• Departments with lower than expected freshman retention rates, at least 200 students, and above average 
proportions of two or more of Pell, First Generation, and Minority students include: 

o Health & Exercise Science, Political Science, Biochemistry & Molecular Biology, and Psychology.   
o This represents 44% of statistically underachieving departments with over 200 students. 



Page | 7  
 

Results: Observed vs Predicted Graduation, within college models 

Table 2 below displays observed and predicted six year graduation rates by department.  Each department’s 
predicted retention rate is the average predicted rate for its students, according to the college’s regression model. For 
Business, Construction Management, and Intra-University predictions are inherently similar to observed rates due to 
lack of departmental variance.  Non-highlighted departments have observed retention rates that fall within the 95% 
confidence range of the predicted retention rate, and thus do not differ from the prediction.  Departments highlighted in 
green display an observed retention rate that is significantly greater than that predicted by the model, while those in red 
display an observed retention rate that is significantly lower than that predicted by the model. 

Table 2: Observed vs. Predicted Graduation by Department, FA06-FA10 FTFT Freshman Cohorts 
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Summary of Results: Observed vs Predicted Graduation, within college models 

• Three departments – Business Intra-College, Construction Management, and Provost/Academic VP Intra-Colege 
– are marked with *** because they exhibit little variance between observed and predicted solely due to 
modeling limitations. 
 

• Among the 43 remaining departments included in this analysis, 15 departments (35%) display an observed 
graduation rate within the predicted range; 15 departments (35%) have an observed graduation rate that is 
lower than predicted by the regression model; and 13 departments (30%) have an observed graduation rate that 
is higher than predicted. 
 

• Departments with higher than expected six year graduation rates versus comparison departments, and at least 
200 students, include: 

o Civil & Environmental Engineering, Engineering Intra-College, Mechanical Engineering, Food Science & 
Human Nutrition, Human Development & Family Studies, Journalism & Media Communication, 
Psychology, and Biomedical Sciences.  
 

• Departments with higher than expected six year graduation rates, at least 200 students, and above average 
proportions of two or more of Pell, First Generation, and Minority students include: 

o Journalism & Media Communication, and Psychology.   
o This represents 25% of statistically overachieving departments with over 200 students. 

 
• Departments with lower than expected six year graduation rates versus comparison departments, and at least 

200 students include:  
o Animal Sciences, Electrical & Computer Engineering, Health & Exercise Science, English, History, 

Sociology, Natural Sciences Intra-College, Fish & Wildlife Conservation Biology. 
 

• Departments with lower than expected six year graduation rates, at least 200 students, and above average 
proportions of two or more of Pell, First Generation, and Minority students include: 

o Animal Sciences, Health & Exercise Science, Sociology, Natural Sciences Intra-College, Fish & Wildlife 
Conservation Biology.   

o This represents 63% of statistically underachieving departments with over 200 students. 
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Results: Observed vs Predicted Retention, full University model 

Table 3 below displays observed and predicted freshman retention rates by department, based on the full 
university regression model.  Non-highlighted departments have observed retention rates that fall within the 95% 
confidence range of the predicted retention rate, and thus do not differ from the prediction.  Departments highlighted in 
green display an observed retention rate that is significantly greater than that predicted by the model, while those in red 
display an observed retention rate that is significantly lower than that predicted by the model. 

Table 3: Observed vs. Predicted Retention by Department, FA11-FA15 FTFT Freshman Cohorts 
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Summary of Results: Observed vs Predicted Retention, full University model 

• Among the 46 departments included in this analysis, 4 departments (9%) display an observed retention rate 
within the predicted range; 26 departments (57%) have an observed retention rate that is lower than predicted 
by the regression model; and 16 departments (29%) have an observed retention rate that is higher than 
predicted.  The much lower rate of departments within the predicted range reflects the fact that observed 
retention rates vary greatly across colleges, a factor that is directly built in to the by-college models (but also 
biases the by-college models toward suggesting that a similar number of departments per college are doing 
well/poorly).  
 

• Departments with higher than expected freshman retention rates and at least 200 students include:  
o Animal Sciences, Business Intra-College, Chemical Engineering, Civil & Environmental Engineering, 

Construction Management, Design & Merchandising, Food Science & Human Nutrition, Human 
Development & Family Studies, Communication Studies, Sociology, and Biomedical Sciences. 
 

• Departments with higher than expected freshman retention rates, at least 200 students, and above average 
proportions of two or more of Pell, First Generation, and Minority students include: 

o Animal Sciences, Design & Merchandising, Human Development & Family Studies, and Sociology.  
o This represents 25% of sizable departments that statistically outperform the retention predictions. 

 
• Departments with lower than expected freshman retention rates and at least 200 students include:  

o Electrical Engineering, Health & Exercise Science, Intra-University, Art, English, Journalism & Media 
Communication, Liberal Arts Intra-College, Political Science, Biochemistry & Molecular Bio, Biology, 
Computer Science, Psychology, Fish/Wildlife/Conservation Biology, and Forest & Rangeland Stewardship 
 

• Departments with lower than expected freshman retention rates, at least 200 students, and above average 
proportions of two or more of Pell, First Generation, and Minority students include:  

o Health & Exercise Science, Intra-University, Liberal Arts Intra-College, Political Science, Biochemistry & 
Molecular Bio, Biology, and Psychology.   

o This represents 50% of sizable departments that statistically underperform the retention predictions. 
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Results: Observed vs Predicted Six Year Graduation, full University model 

Table 4 below displays observed and predicted six year graduation rates by department, based on the full 
university regression model.  Non-highlighted departments have observed retention rates that fall within the 95% 
confidence range of the predicted retention rate, and thus do not differ from the prediction.  Departments highlighted in 
green display an observed retention rate that is significantly greater than that predicted by the model, while those in red 
display an observed retention rate that is significantly lower than that predicted by the model. 

Table 4: Observed vs. Predicted Six Year Graduation by Department, FA06-FA10 FTFT Freshman Cohorts 
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Summary of Results: Observed vs Predicted Six Year Graduation, full University model 

• Among the 46 departments included in this analysis, 8 departments (17%) display an observed retention rate 
within the predicted range; 20 departments (43%) have an observed retention rate that is lower than predicted 
by the regression model; and 18 departments (39%) have an observed retention rate that is higher than 
predicted.   
 

• The rate of departments falling in the predicted range is slightly greater for graduation than retention for this 
full university model because graduation rates are much closer to the binary midpoint of 50% and thus the 95% 
confidence intervals for these non-college-centered comparisons are much wider at every population size.   

o To illustrate, in the retention study the Anthropology department exhibits a 95% confidence range of 2.6 
percentage points for 77 students, while in the graduation study the Anthropology department exhibits 
a 5.1 percentage point 95% confidence range for 71 students. 

 
• Departments with higher than expected six year graduation rates and at least 200 students include:  

o Civil & Environmental Engineering, Construction Management, Design & Merchandising, Food Science & 
Human Nutrition, Human Development & Family Studies, Journalism & Media Communication, Political 
Science, Sociology, and Biomedical Sciences. 
 

• Departments with higher than expected six year graduation rates, at least 200 students, and above average 
proportions of two or more of Pell, First Generation, and Minority students include: 

o Journalism & Media Communication, Political Science, and Sociology. 
o This represents 33% of sizable departments that statistically outperform six year graduation predictions. 

 
• Departments with lower than expected freshman retention rates and at least 200 students include:  

o Animal Sciences, Chemical & Biological Engineering, Electrical & Computer Engineering, Health & 
Exercise Science, Art, English, History, Liberal Arts Intra-College, Music Theatre & Dance, Biology, 
Computer Science, Natural Science Intra-College, and Psychology.  
 

• Departments with lower than expected six year graduation rates, at least 200 students, and above average 
proportions of two or more of Pell, First Generation, and Minority students include:  

o Animal Sciences, Health & Exercise Science, Biology, Natural Science Intra-College, and Psychology.  
o This represents 38% of sizable departments that statistically underperform the retention predictions. 
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Appendix I: Demographics by Department and College 

Units in GREEN serve above-average proportions of two or more of: First Gen, Minority, and Pell students. 
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Appendix II: Retention Study Logistic Regression Models 
 

 

 

• CCHE Index score is a significant predictor of retention for 9 of 12 college groupings. 
o Index score is only non-significant for Business, Construction Management,  and Liberal Arts/Social 

Sciences 
 

• Colorado residency is a significant positive predictor of retention for 11 of 12 college groupings. 
 

• Either Pell or First Generation Status is a significant predictor for 10 of 12 groupings; these two variables 
correlate substantially (Pearson’s r = .33).  Pell and First Generation are both significant for the Full Model, and 
for the Business and Warner Natural Resources models.  
 

• Gender is a significant predictor of success for Engineering and Health & Human Sciences only, wherein females 
succeed at greater rates than males  
 

• Minority status is a significant predictor of retention for Engineering and Construction Management.  In both 
cases, carrying minority status predicts lesser likelihood for retention. 
 

• Nagelkerke Pseudo R2 model fit estimates range from .02 to .11 (on a scale from zero to one) for the 13 models 
described above.  As with all studies of retention at CSU, we can predict quite little from admissions variables 
alone.  
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Appendix III: Graduation Study Logistic Regression Models 

 

 

• The model for Construction Management is not significant. 
 

• All six studied predictor variables are significant in the Full University graduation model. 
 

• CCHE Index score is a significant predictor of graduation for all 11 of the remaining college groupings.  Colorado 
residency is also a significant positive predictor of graduation for all 11 of 11 college groupings. 
 

• Either Pell or First Generation Status is a significant predictor for 9 of the 11 groupings; these two variables 
correlate substantially (Pearson’s r = .24).  Pell and First Generation are both significant in the models for 
Business, Natural Sciences, and Health & Human Sciences.  In each case these demographic variables correlate 
with lesser likelihood of six year graduation. 
 

• Gender is a significant predictor of graduation for the college of Business, Health & Human Sciences, Liberal Arts 
(Social Science), Natural Sciences, Intra-University, Warner Natural resources.  
 

• Minority status is a significant predictor of graduation for students in Agricultural Sciences, Business, Natural 
Sciences, and Intra-University.  For each of these populations, minority status corresponds with a significantly 
lower graduation rate with all other predictor variables held constant. 
 

• Nagelkerke Pseudo R2 model fit estimates range from .04 to .15 (on a scale from zero to one) for the 12 
statistically significant models described above.  As with all studies of graduation at CSU, we can predict quite 
little from admissions variables alone.  
 
 
 


