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Chapter 1: Introduction

Organizations around the world hire operations scientists and data analysts to 

ensure their resources are being used to their maximum potential. Colleges and 

universities are no exceptions. Admissions offices, in particular, store incredible amounts 

of data about students who attend their institution. This data includes, but is not limited

to, high school GPA, SAT and ACT scores, sex, ethnicity, age, household income, and 

intended major. What schools hope to learn from this data is two-fold:

1. What kind of student is the school most likely/unlikely to retain until graduation?

2. How effective are new retention programs?

Knowing what student is likely to complete a degree from the institution helps ensure 

smart recruiting spending. Similarly, being able to measure the performance of retention 

programs such as a mentoring program (Miller & Herreid, 2009) allows for smarter 

spending.

The goal of this study is to analyze the enrollment data from Carroll College from 

fall of 2000 to spring of 2009 in order to determine what factors - major, high school 

GPA, gender, standardized test scores, or distance from home - contribute most to a 

student's retention or transfer. To accomplish this task the data must be organized and 

sorted and the results must be displayed in a simple, professional form.

In each chapter, we analyze the effect of a different factor on a student’s retention. 

In chapter 3, we study retention by major. By looking at retention graphs and conducting

statistics tests, we see if a student’s major offers any information on the retention of
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that student. Specifically, we compute the likelihood of a student spending two or fewer 

semesters at Carroll, and the likelihood of a student graduating from Carroll. Similar 

analyses are done in chapters 4, 5, 6, and 7 for high school GPA, gender, home state, and

standardized test scores, respectively.



Chapter 2: Data

The Office of Institutional Advancement at Carroll College provided the data set 

used in this study. The data set contained biographical and academic data for every 

student who attended Carroll from the fall of 2000 to the spring of 2009. This data 

encompassed nearly 6000 students and utilized hundreds of thousands of data entries.

The raw enrollment data originally comprised a data base in Microsoft Access, 

where the data was explored in a series of tables, queries, and reports. This data was then 

exported to Excel, a spreadsheet interface that could more easily manipulate the data. 

Because the data set was so large, the data was divided into three different workbooks, 

allowing for calculations to be completed faster in each workbook since there was less 

data affected by each change. These workbooks grouped the enrollment data into three 

categories: student academic data while attending Carroll, student high school data and 

admissions responses, and look-up tables (to explain the codes and abbreviations used in

the data). The data within each of these workbooks is summarized in the Table 2.1 and a

snapshot of the data for an example student can be found in Figures 2.2 and 2.3.

3
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Table 2.1: Admission Data by Workbook

Carroll Academic Data Look-up Tables High School Data
(Code cross references)

1. Enrollment Year. 1. Student’s class 1. Student’s high school

Calendar year the abbreviation data

student was enrolled at 2. Major/Program a. GPA

Carroll abbreviation b. Standardized test

2. Enrollment Term-. Fall, 3. State and Country scores

Spring or Summer abbreviation c. Home state

3. Student ID Number 4. Enrollment term d. Gender

4. Credit hours taken abbreviations (1, 2, or 3 e. Intended Major

5. Class: (listed in for Spring, Summer 2. Abbreviations for

Appendix A) and Fall terms, admission application

6. First time respectively) responses

7. Major/Program: (listed 3. Other miscellaneous

in Appendix B) data

Initially, most of the work was done in the “Carroll Academic Data” book 

because this book kept track of students from year to year. However, to analyze more 

specific factors like distance from home and high school GPA, the “High School Data” 

book was used more. The “Look up Tables” book served mainly as a reference to 

translate the numeric abbreviations in the data back to words. As with any data set, this 

data set contained many errors. For example, it was recorded that one student spent eight
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years at Carroll and another student ranked in the 9900th percentile of his or her 

graduating class. Finally, one Carroll student recorded majors in Communications,

Nursing, Elementary Education, Civil Engineering, Psychology, and Math.



Figure 2.2: Data Snapshot from Carroll Academic Data for Example Student 4

Enroll_Yr Enroll_Term StudentID Credit_Hours Class First-Time Program_ID

2000 3 4 14 01 Yes 9016
2001 1 4 4 05
2001 3 4 16 01 1250
2002 1 4 17 01 Yes
2002 3 4 17 02 1020

Figure 2.3: Data Snapshot from High School Data for Example Student 4

Student_ID HS Graduation Year

_____________________

Class Rank Class Size GPA
Intended

Major SAT Verbal
'■ <

SAT Math

4 1998 50 140 2.93 PSY 520 520

Total SAT ACT
English

ACT
Writing

ACT
Reading

ACT
Science ACT Math

1040 0 0 0 0 0

This student is enrolled lor only two calendar years, 2000-2002. This student took 14 credit hours in fall 2000, 4 in spring 2001, and 

14 credits each in spring 2002 and fall 2002, for a total of 5 semesters of course work. Other information for this student fluctuates 

greatly. For example, the Class Column fluctuates from Freshman (01) to non-degree seeking student (05), back to Freshman and then 

to Sophomore (02). The Program IDs the student is majoring in offer similar fluctuations. 9016 stands for Chemistry; 1250 stands for

6
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Psychology, and 1020 stands for Biology. The “First Time” field is also unreliable, as

this student is a first-time student twice. These issues illustrate the trouble with the

Carroll Academic Data that forced us back to the high school data for more reliable

information.

The most significant shortcoming of the data set, however, is the large amount of 

missing data. Nearly every category has data missing for some students. Sometimes, the 

holes are negligible; other times, they comprise 50% or more of the data. Numerous 

methods have been developed to deal with the problem of missing data (Howell, 2009). 

The method used most in this study is listwise deletion, simply neglecting the missing 

data and doing statistics on the remaining data. Assuming that the data that is missing is 

“missing completely at random” (MCAR), neglecting the missing data will not add any 

bias to the results. In the case of Carroll enrollment data, there is no specific reason for 

data to be missing, and we noticed no obvious pattern from the missing data (i.e. one 

group was not missing noticeably more data than any other group), classifying our 

missing data as MCAR is a fair assumption.

In addition to errors in data entry, there is no standard way for a student to earn a 

degree. Students transfer in and out, graduate early or late, and take semesters or years off 

in the middle of their studies to intern or travel. The data set does not distinguish between

transfer students or students who decide to take a break (for whatever reason) from their 

schooling. It also offers no record of whether a student earned a degree. These restrictions 

greatly complicate retention analysis and make tracking a student from year to year 

virtually impossible. For example, with this data set, it is all but impossible to tell a 

student who transfers to Carroll as a sophomore, completes 4 semesters, and graduates
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early, from a student who dropped out from Carroll after two years. However, Carroll 

primarily serves traditional students, with transfer students and non-traditional students 

(older than average students) comprising a relatively small portion of the student body. 

Thus, we will assume all students are following a traditional path, while realizing that 

such an assumption will lead to some unmeasurable error in the results.

To make the results of this study as accurate as possible, the student field was 

narrowed to those who graduated from high school between 2000 and 2005. Assuming 

that the student entered Carroll the first semester after high school graduation, narrowing 

the student field would make it so that each student who was included in the analysis was

tracked all the way through the Carroll program. For instance, a student who graduated

from high school in 2006 could only be counted for three years (6 semesters) because the 

student’s expected graduation date is outside the range of the data set. Similarly, a student

who graduated from high school prior to 2000 may have already completed semesters at 

Carroll by 2000 and the analysis would count only the number of semesters the student 

had left. Eliminating these two sources of error makes the results more accurate, though it

should be noted that this does not eliminate errors created from transfer students and

students who take time off immediately after high school or during their college studies. 

Figure 2.3 below shows the number of semesters completed by Carroll students who

graduated from high school between 2000 and 2005.
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Figure 2.4: Retention by all Carroll Students

Semesters Completed by all Carroll Students
900 -i

Out of a total of 2,324 students, 1,153 students (49.6%) completed eight or more 

semesters, while 533 students (nearly 23%) complete two or fewer.



Chapter 3: Retention by Major

Carroll College has a reputation as a pre-med powerhouse, a school known for its 

strong natural science department. It places a large percentage of its students in medical, 

veterinary, pharmacy, or some other health-care-related graduate program. Because of 

this reputation, Carroll attracts and recruits a lot of high school students intending to be 

pursue a career in the healthcare industry, but is this a wise recruiting strategy? The pre

med program is challenging and not everyone who begins it will see it through to 

completion. This chapter examines whether there is a significant difference in the 

retention rates between students majoring in Biology, Nursing, and General Studies as 

compared to other majors.

The data set as a whole is not of the best quality. There are many holes (20% of

students do not have an intended major recorded) and many students who do have data 

seem to change their major almost every semester. Extreme major changes for a student 

every semester is something we know is inaccurate, raising more questions about the data 

set. In part, these shortcomings are due to the operating procedure of Carroll College. 

Until 2009 Carroll did not require students to enter a major (Greiman, 2009) and the 

major program codes in use by the school are perhaps too specific. There are 176 

different classifications for a student’s major and they differentiate, for example, between 

a Computer Science major concentrating in Networking and one concentrating in 

Information Systems.

10
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Because of these difficulties, it was decided that retention analysis would be

conducted based only on a student's intended major, that is, the major the student intends

to study as an incoming freshman as recorded in the High School Data workbook. While

this decision increases the accuracy of the results and simplifies the analysis, it sacrifices 

applicability. We will not be able to describe the retention of Biology majors from year to 

year, for example. What we will describe is the retention at the college of the cohort that 

said they intended to major in Biology when they were Freshmen. This will hopefully 

give the admissions office a better idea of which intended majors stay at Carroll the 

longest and what kind of student Carroll should recruit.

Only looking at students who graduated from high school between 2000 and 2005 

provided us with 2,324 students to analyze. Analysis began in the High School Data 

workbook. The data was sorted by major (a 0 in the major column was assumed to be 

undeclared, but there were only 3 such cases). The two most popular majors plus 

undecided were selected for analysis: Biology (BIO) which comprised 25.7% of all 

students, Nursing (NUR) at 9.7%, and General Studies (GST)/undeclared at 14.8%.

Biology

With the data sorted by major, the student IDs of all of the students intending to 

major in Biology were easily copied over to the Carroll Academic Data workbook where 

they were stored in column M. Eighteen columns to the right of this column were labeled 

2000F, 200IS, 200IF,. . . , 2009S, representing each semester included in the data 

(summer semesters weren't included). Next, a COUNTIFS command was used to record

whether a student was enrolled for a particular semester. The command is as follows:



Retention by Major 12

COUNTIFS($C$2:$C$25657,M2,$A$2:$A$25657,2000,$B$2:$B$25657,3)

The command executes the following algorithm, eventually resulting in a 1 if the student

was enrolled and 0 if the student wasn't enrolled:

1. Match the student ID of the student that intends to major in BIO (column M) with

a student ID in this workbook (column C)

2. Look to see if the year (column A) and semester (column B) match the 

appropriate values

a. If the values match, return a 1

b. If the values do not match, return a 0.

Out of all of the students from the data set, 599 students (25.7%), intended to major in 

Biology. A graph of the retention results for intended Biology majors can be seen in

Figure 2.1.

Figure 3.1: Semesters Completed by Intended BIO Majors

Retention of Intended BIO Majors
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From Figure 3.1, we notice that 129 students, or roughly 21%, of intended Biology 

majors completed two semesters or fewer while 335 students, or approximately 56%, 

completed eight or more (students who complete eight or more semesters are assumed to 

graduate). However, this sample is only of those students who intended to major in 

Biology as incoming Freshmen. We do not know how many of those students changed 

their major along the way or what degree (if any) they ended up receiving from Carroll 

College.

Nursing

225 students (9.7% of the data) intended to major in Nursing (NUR). The same 

procedure outlined above was used to analyze these students. A graph of the results can 

be seen in Figure 3.2.

Figure 3.2: Semesters Completed by Intended NUR Majors

CORETTE LIBRARY
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Specific values that we can take away from this graph are that 50 students, or 22.2%, of 

intended Nursing majors completed two semesters or fewer and 113 students, or 50.2%, 

completed eight or more. These percentages are very similar to the percentages from 

intended Biology majors.

General Studies and Undeclared

On advice from Cindy Greiman, Director of New Student Services and Advising, 

it was decided that General Studies and Undeclared both signaled that a student hadn't 

decided on a major field of study, so these are analyzed together. 343 students (14.8% of 

the data set) either intended to major in General Studies or were undeclared. A graph of 

the results can be seen in Figure 3.3.

Figure 3.3: Semesters Completed by Intended GST Majors and Students with an
Undeclared Major

Number of Semesters Completed at Carroll
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This graph suggests that even students who haven’t decided on a field of study have a

good retention rate. 88 students or 25.7% completed two semesters or fewer while 180

students (52.5%) were retained until graduation.

The remaining 1,157 students (49.8%) intended to major in a different subject. To

put all of these findings in perspective, 23.6% of students with other majors completed 

two semesters or fewer and 45% were retained until graduation (see Figure 3.4 below).

Figure 3.4: Semesters Completed by Students with other Intended Majors

Retention of Other Intended Majors

Table 3.5 summarizes the retention rates by major.

Table 3.5: Summary of Retention Rates by Major

BIO NUR GST Other
<2 semesters 21% 22.2% 25.7% 23.6%
>8 semesters 56% 50.2% 52.5% 44.9%

Biology and Nursing have similar retention rates of students through their first year. 

However, intended Biology majors appear to graduate at a slightly higher rate than 

Nursing and General Studies and at a much higher rate than other majors.
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Comparing the Retention of BIO and NUR Students

Because the BIO and NUR distributions are so similar, it raises the question, is

there a statistically significant difference between the two? To answer this question, a

hypothesis test was conducted, assuming that the students in this study comprise a

random sample of Carroll students during this time period and the next several years.

While this is a fair assumption to make, the data is still not a perfectly random sample

since we are studying all of the students from a specific enrollment period. There could 

be initiatives undertaken by the college in later years that would make this inference 

inapplicable. For instance, Carroll College could institute a new core curriculum. A new 

curriculum could affect retention and make the statistics in this study biased as all of the 

students in this study followed the old curriculum. The null and alternative hypotheses

are as follows:

Ho: The number of semesters a student spends at Carroll is independent of BIO and NUR

Ha:The number of semesters a student spends at Carroll is dependent upon whether

the student majors in BIO or NUR

a: 0.05

A jf statistic was calculated according to the following formula:

n

i = l

(Expected^ - Observed')2
Expected'

Here the Observed values represent the number of students who stayed z semesters 

according to the graphs in the previous sections. These can be seen in the table below.
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Table 3.6: Observed Retention by Semester

OBSERVED 2 or Fewer 3-7 8 + Total
BIO 129 135 335 599
NUR 50 62 113 225
Total 179 197 448 824

Expected values were calculated by computing the proportion of BIO and NUR majors in 

this data and then multiplying that proportion by the total students retained for each of the 

i semesters. For example, the expected number of BIO majors retained two or fewer

semesters would be calculated as follows:

Total BIO majors 
Total Students

x Total Students Retained 2 semesters or fewer

599
824

x 179 = 130.1

Expected values were found this way because if the null hypothesis is true, then we 

would expect to see the same proportion of BIO and NUR students in each of the 

semester totals as there was over all. Expected values are tabulated below.

Table 3.7: Expected Retention by Semester

2 or Fewer 3-7 8+ Total
BIO 130.12 143.21 325.67 599
NUR 48.88 53.79 122.33 225
Total 179.00 197.00 448 824

These observed and expected values produced a / statistic of 2.74. Using the

CHIDIST() function in Excel, it was determined that this correlated to a p-value of 0.25. 

Thus, if the null hypothesis were true and the number of semesters a student is retained is 

independent of majoring in BIO or NUR, we would expect to see observed values that
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differed this much or more from the expected values 25% of the time due to random 

variation alone. Stated another way, approximately one out of four samples would 

produce data similar to this if the null hypothesis were true. Furthermore, the p-value of 

0.25 is much larger than the a value of 0.05 so we fail to reject the null hypothesis and 

conclude that there is not a statistically significant difference in retention between BIO 

majors and NUR majors based on this sample of students.

BIO and NUR Compared to Other Majors

Biology and Nursing are the two most popular majors of incoming Freshmen and 

it has been determined that the retention rates between the two are essentially the same.

However, now it is of interest to learn if the retention rates of these two majors are better, 

worse, or equal to the retention rates of all other students, specifically in the case of 

students who leave Carroll early (complete two or less semesters) and those who are

retained to graduation (eight or more semesters completed). We answer this question with 

a binomial proportion test:

Ho: The proportion ofBIO/NUR majors who stay 8 or more semesters (jpg') is the same as the

proportion of other majors who stay 8 or more semesters (p0)

Ha: The proportion ofBIO/NUR majors who stay 8 or more semesters (pB) is greater than the

proportion of other majors who stay 8 or more semesters (po)

a: 0.05

335 + 113
Pb = = 0.544

824
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469 + 105 + 104 + 22 
1500

0.467

+ x0 
/VB + No

(343 + 34 + 62 + 9) + (469 + 105 + 104 + 22) 
824 +1500

0.494

A z-statistic was calculated from this information using the following formula:

Pb -Po

This data produced a z-statistic of 3.553, which resulted in a p-value of 0.00019. This p- 

value is significantly lower than the a value of 0.0 and indicates that if the null 

hypothesis were true, we would expect to see data that differed by this much or more 

0.019% of the time due to random chance alone, or about 1 in every 5263 samples. Thus, 

we can reject the null hypothesis in favor of the alternative hypothesis.

A similar z test was conducted for the proportion of students who stayed two 

semesters or fewer. This time the value of the z statistic was -1.280 and the resulting p- 

value was 0.100. Since the p-value is greater than the a value, we must fail to reject the 

null hypothesis. The two proportions are close enough that there is still a reasonable 

chance they could be equal and thus, the difference in this particular sample is due only

to random variation.

In summary, each of the three statistical tests conducted in this chapter has 

produced some valuable information. First, the %2 test told us that there was no 

statistically significant difference between intended Biology and intended Nursing 

majors. Second, the first binomial proportion test concluded that the proportion of 

Biology and Nursing majors who are retained until graduation is very likely higher than
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the proportion of students with other majors who are retained until graduation. This 

finding in particular could help Carroll recruit wisely. Knowing only whether a student is 

interested in majoring in Biology or Nursing, recruiters will know that this student is

more likely to be retained for eight or more semesters. Finally, the second binomial 

proportion test indicated that the percentage of students who stay two semesters or fewer 

is independent of major. Students intending to major in either Biology or Nursing are 

more likely to stay until graduation, not that they are less likely to drop out in two 

semesters or less. Therefore, if Biology or Nursing majors can survive the first year at

Carroll, they will be significantly more likely to graduate.



Chapter 4: Retention by High School GPA

High school is the primary form of preparation for students continuing to a post

secondary institution. As such, high school GPA is a common metric for success in 

college and there have been numerous retention studies based on high school GPA 

(Williford, 2009). Williford’s study is concerned mainly with the number of college prep 

classes a student completes in high school, while this part of our analysis is strictly 

concerned with high school GPA, regardless of the rigor of the classes. We arbitrarily 

created five categories of GPA:

• Greater than 3.5

• 3.0-3.5

• 2.5-2.99

• 2.0-2.49

• Below 2.0

There were 2,324 students in all, 2,088 (90.8%) of which had a high school GPA 

recorded. As in the previous chapters, retention analysis was conducted on each of these 

groups to see how many semesters students completed at Carroll. The results are 

displayed in Figures 4.1-4.5 below.

21
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Figure 4.1: Semesters Completed by Students with HS GPA above 3.5

Retention of Students with HS GPA Above 3.5
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From this graph we can see that students who excelled in high school also 

persevere at Carroll College. Of course, we cannot say what their college GPA ended up 

being but we can see that 667 students (over 62%) with a high school GPA above 3.5

completed eight or more semesters and 175 (16.4%) completed two or fewer. This was 

also the largest group with 1,066 students or 41.6% of the total.
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Figure 4.2: Semesters Completed by Students with HS GPA from 3.0 to 3.5

Retention of Students with HS GPA 3.0-3.5

This group was the second largest with 607 students or 26.1% of the sample. The 

graph of retention for students with a high school GPA between 3.0 and 3.5 demonstrates 

the same overall shape as the graph for students with a GPA over 3.5; however we notice 

that a higher percentage of students seem to complete two semesters or fewer (151 

students or 24.9%) for those with a GPA between 3.0 and 3.5 compared to 19.6% for 

students with higher GPAs. We also see that 300 students (49.4%) are retained until

graduation.



Retention by High School GPA 24

Figure 4.3: Semesters Completed by Students with HS GPA from 2.5 to 2.99

Retention of Students with HS GPA 2.5-2.99

In Figure 4.3, the trend noticed in Figure 4.2 becomes even more pronounced. 97 

students (29.9%) in this figure completed two semesters or less and only 137 students 

(42.3%) completed enough for graduation. This group had a total of 324 students (13.9%

of students analyzed).
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Figure 4.4: Semesters Completed by Students with HS GPA from 2.0 to 2.49

Retention of Students with HS GPA 2-2.49
25

Figure 4.4 marks the first time there is a higher percentage of students completing 

two or fewer semesters than eight or more. Fortunately, this is the smallest group,

containing only 82 students or 3.2%. 32 students (38%) completed two or fewer 

semesters and 29 students (35.6%) completed eight or more.
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Figure 4.5: Semesters Completed by Students with HS GPA Below 2.0

Retention of Students with HS GPA Less than 2.0

Finally students with a high school GPA below 2.0 have a very poor retention 

rate. 83 students (33.9%) completed two or fewer semesters while only 19 students 

(7.8%) completed eight or more. This group contained 245 students (9.6%). However, the 

236 students with no high school GPA recorded were included in this analysis. This was 

done after finding the mean semesters completed by students with no GPA recorded was 

nearly equal to the average semesters completed by students with a GPA less than 2.0.

Figure 4.6 shows the very strong correlation between GPA and graduation

(assumed to be completion of 8 semesters or more).
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Figure 4.6: High School GPA’s Effect on Students Completing Eight or 
More Semesters

There are a couple of interesting things to notice about this figure:

1. 62.6% of students who had a high school GPA above 3.5 completed 8 or 

more semesters at Carroll, while only 7.8% of students with a high school 

GPA below 2.0 completed the same amount.

2. The linear trendline on the graph produces an R2 value of 0.9632, saying 

that 96.3% of the data’s variation in the graduation rate is explained by

GPA. Thus this line is a very good fit to the data.

The same type of trend is noticed between the percentages of students who stay two 

semesters or fewer and high school GPA, though the correlation is not as strong (see

Figure 4.7).
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Figure 4.7: High School GPA’s Effect on Students Completing Two or Fewer
Semesters
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The trend for GPA and retention is even more apparent than the relation between 

intended major and GPA. The correlation between high school GPA and retention rates 

supports the conclusions reached by (Williford, 2009). Williford found that as the number 

of D’s and F’s earned by a student in college preparatory classes increased, the student’s

first-term college GPA as well as their retention rate decreased.



Chapter 5: Retention by Gender

Another factor that was of particular interest to the Office of Institutional 

Advancement at Carroll was gender. Carroll typically enrolls more women than men. Is 

this optimal? Are women retained at a higher rate than men? We can explore these 

questions by utilizing the same process that was used to analyze retention by major. First 

the appropriate tab in the High School Data workbook was sorted by sex. Then the 

student IDs of all the males/females were copied and a command was used to determine 

if these students graduated from high school between 2000 and 2005. This command is as

follows:

=VLOOKUP(tblBIOMSLO!A19,tblAPPLCL!$A$2:$B$5907,2,FALSE)

The command matches the student ID number of a known male/female to the student ID

number within the High School Data workbook and outputs the graduation year. At this 

point, the students were easily sorted by graduation year and the students graduating 

between 2000 and 2005 picked out and all of the 2,324 students had a gender recorded 

(59% were women and 41% were men). Finally to determine their retention by semester, 

the COUNTIFS command from the Retention by Major chapter was used. The results can

be seen in the following two figures.

29
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Figure 5.1: Semesters Completed by Men and Women

Number of Semesters Completed at Carroll

The retention for men and women seems relatively the same with roughly the 

same percentage in each of the 11 categories. The same question presents itself as in the 

Retention by Major Chapter: is there a significant statistical difference between men and 

women? This question is answered again by a g hypothesis test.

Ho: The number of semesters a student spends at Carroll is independent of gender

Ha: The number of semesters a student spends at Carroll is dependent on gender

a\ 0.05

The observed and expected values were found in the same way as before and they

are tabulated on the next page.
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Table 5.2: Observed Retention by Gender

1 2 3 4 5 6 7 8+ Total
Male 83 146 28 81 26 72 33 477 946
Female 119 192 71 137 32 78 78 671 1378
Total 202 338 99 218 58 150 111 1148 2324

Table 5.3: Expected Retention by Gender

1 2 3 4 5 6 7 8+ Total
Male 82.2 137.6 40.3 88.7 23.6 61.1 45.2 467.3 946
Female 119.8 200.4 58.7 129.3 34.4 88.9 65.8 680.7 1378
Total 202 338 99 218 58 150 111 1148 2324

The x2 statistic calculated from this data is 33.6 and this gives ap-value of 

0.000218. This p-value is interpreted to mean that if the null hypothesis were true and 

retention were independent of gender, then one would expect to get data that differed this 

much or further from the expected values 0.02% of the time due to random chance (that 

is one in every 4587 attempts). With an a value of 0.05, we can (rather confidently) reject 

the null hypothesis and say that retention is dependent on gender. There are more men 

than expected graduating and completing two or fewer semesters and more women than

expected who complete fewer than eight semesters but more than two.

Gender and GPA

In the previous chapter, we saw that retention depended significantly on high

school GPA. Before the gender result is marked as a new finding, it must be shown that

this is in fact new, i.e. that we are not just seeing the GPA dependence again. To prove

this is a new finding, gender must be independent of high school GPA. We prove

independence with another yj independence test:



Retention by Gender 32

Ho: High school GPA is independent of gender

Ha: High school GPA is dependent on gender

a: 0.05

Table 5.4: Observed Gender GPA

Below 2 2-2.499 2.5-2.99 3-3.5 Above 3.5 Total
Women 141 21 132 353 731 1378

Men 103 60 190 276 317 946
Total 244 81 322 629 1048 2324

Table 5.5: Expected Gender GPA

Below 2 2-2.499 2.5-2.99 3-3.5 Above 3.5 Total
Women 144.6781 48.0284 190.9277 372.9612737 621.404475 1378

Men 99.32186 32.9716 131.0723 256.0387263 426.595525 946
Total 244 81 322 629 1048 2324

The x2 statistic calculated from this data was 30.06, which produced a p-value of 

4.75x1 O'6 (essentially zero). Thus, it would be next to impossible to attain data such as 

what is tabulated if the null hypothesis were true and gender was independent of GPA. 

Consulting the GPA distribution graphs (Figures 5.6 and 5.7) below, one can in fact see 

that GPA is dependent on gender, and that women, in general have the higher GPA.

Thus, we conclude that retention's apparent dependence on gender is really a dependence

on high school GPA.
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Figure 5.6: Distribution of Women's High School GPA

Figure 5.7: Distribution of Men's High School GPA

Below 2



Chapter 6: Retention by State

Colleges and universities want to ensure optimal use of their recruiting money.

Distance from home can be a factor of retention, with students farther from home less

likely to stay until graduation, and Carroll College is relatively isolated from major cities. 

Is this a problem? If not, should Carroll pursue new student markets outside the 

traditional recruiting areas of Montana, Oregon, Idaho, and Washington? These concerns 

are briefly considered in this chapter.

Students were organized into groups based on their home state, and then the 

retention of those groups was analyzed. For a particular state group to be analyzed, it 

must have contributed a minimum 100 students to Carroll during the years 2000-2005. 

The data fell into five groups: Montana, Oregon, Washington, Idaho, and other, 

graph below summarizes the retention of students from each of these states.

Figure 6.1: Retention by State

The
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■ Washington 

« Other
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Washington appears to be in the lead in students who are retained until graduation, while 

Montana is lagging behind. Table 6.2 summarizes the number of students from each state, 

as well as those students’ average GPA.

Table 6.2: Retention by State Distribution and GPA

State Students
Average

GPA
Idaho 178 3.29
Washington 379 3.11
Montana 1350 3.07
Oregon 135 3.07
Other 282 2.97

Not only do Washington students have the highest retention rate, but they also have one 

of the highest GPAs, second only to Idaho. Also, students from “other” states have the 

poorest high school GPA and one of the worst retention rates. These facts would indicate 

that Carroll is recruiting wisely and should not increase recruiting in other states.



Chapter 7: Retention by Standardized Test

Scores

Most colleges and universities in the United States require that an undergraduate

applicant complete either the ACT or the SAT before being admitted (ACT, 2010). The 

purpose of these standardized entry exams is to level the playing field by forcing every

applicant to take the same exam. The exams allow students to stand out and make it

easier for schools to compare students. Though many have questioned the exams as a fair

metric of performance (on any given day with a few helpful guesses or careless mistakes, 

scores could fluctuate significantly), they remain a key part of the admissions process. 

The purpose of this section is not to critique the entrance exams themselves, but to 

investigate a possible trend between a student's performance on college entrance exams

and retention.

The Carroll College data set does record a student’s score on both the SAT and 

the ACT depending on which test the student completed. Unfortunately, not all students

took the same entrance exam and not all students have scores recorded. There were 2,099

students (90.3%) who had at least one standardized test score recorded and who

graduated from high school between 2000 and 2005. To simplify matters for the 

analysis, the roughly 10% of students without an ACT or an SAT score were excluded, 

and all scores were converted to an ACT composite score ranging from 1-36 based on the
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conversion table in Table 7.1 (ACT, 2010). Six categories of ACT composite scores were

arbitrarily created:

• 32-36: approximately the students in the 99th percentile

• 28-31: the 90th percentile up to the 98lh percentile

• 25-27: approximately the 80th percentile up to the 90lh percentile

• 23-24: approximately the 70lh percentile up to the 80lh percentile

• 21-22: approximately the 50th percentile up to the 70,h percentile

• 20 and below: students below the 50th percentile

Table 7.1: Concordance between ACT Composite Score and SAT Math and Verbal 
(ACT, 2010)

SAT CR+M (Score Range) ACT Composite Score
1600 36

1540-1590 35
1490-1530 34
1440-1480 33
1400-1430 32
1360-1390 31
1330-1350 30
1290-1320 29
1250-1280 28
1210-1240 27
1170-1200 26
1130-1160 25
1090-1120 24
1050-1080 23
1020-1040 22
980-1010 21
940-970 20
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The distribution of student test scores is as follows:

• 1.8% had scores equal to or greater than 32

• 14% had scores between 28 and 31

• 25.3% had scores between 25 and 27

• 20.8% had scores from 23 to 24

• 16.3% had scores from 21 to 22

• 21.7% had scores equal to or below 20

The retention of each of these categories of students can be seen in Figures 7.2

through 7.7 on the following pages.

Figure 7.2: Semesters Completed by Students with an ACT Equivalent score from 
32-36

Retention of Students ACT 32-36

123456789 10 More

Number of Semesters Completed at Carroll

Students having an ACT composite score from 32 to 36, or the SAT equivalent, 

demonstrate excellent retention. Approximately 58% of students are retained until 

graduation while only 23.7% completed two semesters or fewer. Unfortunately, because 

this group is the most elite, it is also the smallest with only 38 members (1.8%).
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Figure 7.3: Semesters Completed by Students with an ACT Equivalent score from 
28-31

Retention of Students ACT 28-31
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The next tier of standardized test performance also demonstrates a strong retention rate. 

179 students (60.1%) are retained until graduation while 47, or 16%, completed two

semesters or fewer.

Retention of Students ACT 25-27

Figure 7.4: Semesters Completed by Students with an ACT Equivalent Score from 
25-27

Number of Semesters Completed at Carroll
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For students scoring the equivalent of a 25 through a 27 on the ACT, very similar 

behavior to students in higher scoring groups. 317 students (roughly 60%) completed 

eight semesters or more while only 96 students (18.1%) completed two semesters or

fewer.

Figure 7.5: Semesters Completed by Students with an ACT Equivalent Score from 
23-24

to decrease slightly. 248 students (56.7%) completed eight semesters or more and 88

students (20.1%) completed two semesters or fewer.
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Retention of Students ACT 21-22

Figure 7.6: Semesters Completed by Students with an ACT Equivalent score from 
21-22

The drop off in retention rates noticed in Figure 6.5 becomes even more apparent in the 

group of students scoring the equivalent of either a 21 or a 22 on the ACT. 166 students 

(48.4%) were retained until graduation and 91 students (26.5%) completed two semesters

or fewer.

Figure 7.7: Semesters Completed by Students with an ACT Equivalent Score Below 
21

Retention of Students ACT Below 21

Number of Semesters Completed at Carroll
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The worst retention rates were observed in the group scoring below the equivalent of a 21 

ACT composite score. 202 students (44.4%) completed eight or more semesters and 133 

(nearly 30%) completed two or fewer.

Clearly, as the entrance exam score decreases, a higher percentage of students are 

retained for fewer than two semesters and a smaller percentage reach graduation. 

Generally, though, most students are retained until graduation with at least 40% staying 

eight or more semesters in each category.



Chapter 8: Conclusion

Now that the student data at Carroll for the past ten years is better understood, and 

patterns have been discovered, the findings should be applied to help Carroll improve 

their recruiting.

Recommendations

There was not a strong variation in retention rates based on a student’s home 

state, so Carroll appears to know its geographic limits for recruiting. Most students are 

from Montana, Oregon, Washington, or Idaho, so it may be beneficial to direct more

resources in those states.

Carroll has a reputation as a school that has a strong biological sciences and pre

med program. This is reflected in the large number of incoming Freshmen intending to 

major in Biology or Nursing. Perhaps it would be in Carroll’s best interest to target these 

kinds of students above all others when recruiting. According the z-statistic test, Biology

and Nursing majors are more likely to be retained until graduation.

There was a very strong correlation between the number of semesters a student 

completes at Carroll and high school GPA. As high school GPA increased, so did the 

total number of semesters the student completed at Carroll. Obviously, GPA cannot tell 

the whole story and shouldn’t be the sole factor affecting a student’s admission, but 

results are strong. Strictly going by the numbers, Carroll should recruit more students 

with a high school GPA above 3.0 and fewer students with a high school GPA lower than
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3.0. The same trend was also noticed for performance on standardized college entrance

exams. As scores on these exams decreased, so did student retention.

Gender didn’t affect retention one way or the other; it was related to high school 

GPA. Women, on average, had much higher high school GPAs than men. Of course, this 

finding must be taken with a grain of salt. For all students (not just those graduating from 

high school between 2000 and 2005), over 80% of male high-school GPA wasn’t 

recorded, one of the many examples of insufficient data.

Record keeping is not an easy task and no data set is ever perfect. However, the 

more time that is spent to ensure the data is as accurate and as updated is possible, the 

better the results will be from a statistics study such as this.

Future Work

The information contained in this data set is not limited to the tests and analysis 

contained in this report. There is much more that can be learned from this kind of data. 

Some other possible factors that could influence retention are:

1. Number of times a student changes major

2. Parent’s contribution to tuition

3. Amount of scholarship money

4. Participation in extra-curricular activities such as athletics, debate, etc.

5. Ethnicity

The data set used in this study does not contain information readily applicable to points 1 

and 4, but the data set could be easily expanded, especially with the addition of financial
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records from the business/accounting office. The effect that each of these factors has on 

retention could benefit Carroll, and would be worth analyzing in future retention studies.
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Appendix A: Student Classes

Class
Abbreviation Description

#1 FIRST CLASS!!!
0
00
01 Freshman
02 Sophomore
03 Junior
04 Senior
05 Non-degree
06 CILI
07 Senior Citizen
08 Advanced College Experience
09 Teacher Certification
1
10 CILI Exchange
11 CILI Short Term
12 IP Degree Exchange

14 Living on campus/not 
registered

15 Students in workshops only

18 CILI in degree and CILI 
classes

2
20 Carroll post graduates

21 CC grads returning for Tch
Cert

22 Other post graduates
23 Other grads here for Tch Cert
24 Test code
25 Non-degree reduced rate
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Appendix B: Major Program Codes

Here we list the Program ID codes from the data set. Some majors, such as 
English Writing, have two Program IDs (1110 and 7110). As far as we know, there is no 
difference between Program IDs representing the same area of study.

Program ID Description
1000 Accounting
1002 Bus Ad: Ec/Fin/Intl Bus
1003 Bus Ad: Ec/Fin/Intnatl/Mgt
1004 Bus Ad: Fin/Intnatl Bus/Mgt
1005 Public Administration
1006 Bus Ad-Intnatl Bus/Economics
1007 Bus Ad-Intnatl Bus/Finance
1008 Bus Ad-Intnatl Business/Mgt
1009 Bus Ad-International Bus
1010 Business Administration

1011 Bus Ad-
Economics/Management

1012 Bus Ad-Finance
1013 Bus Ad-Econ/Finance
1014 Bus Ad-Management
1015 Bus Ad-Finance/Mgt
1016 Bus Ad-Economics
1017 Bus Ad-Finance/Econ/Mgt
1018 General Business
1020 Biology
1023 Bus Ad-Ec/Mgt/Intnatl Bus
1025 Bus Ad-Marketing
1027 Bus Ad-Mgmt/Marketing
1028 Bus Ad-Intnatl Bus/Mkt
1029 Bus Ad-Fin/Mgmt/Mkt
1030 Bus Ad-Fin/Int Bus/Mgmt/Mkt
1031 Bus Ad-Int Bus/Mgmt/Mkt
1032 Bus Ad-Finance/Mkt
1034 Bus Ad-Fin/Intnatl/Mkt
1035 Hist/Polit Sci-Sed Ed
1036 Bus Ad-Fin/Intnat Bus

48



Appendix B 49

1040 Speech Communication Thry
1050 Public Relations
1051 Public Rel-Business
1052 Public Rel-Journalism
Program ID Description
1053 Public Rel-Bus/Journlsm
1054 Public Rel-Marketing
1055 Public Rel-Mrkt/Jrnlsm
1056 Health Science
1060 Computer Science
1061 Cmptr Sci-Software Engnrg
1063 Cmptr Sci-Networking
1064 Cmptr Sci-Prog: Business
1067 Cmptr Sci-Mathematics
1068 Cmptr Sci-Physical Sci
1069 Computer Information Sys
1070 Economics
1080 Elementary Education
1083 Physical Education (K-12)
1086 Physical Ed-Comm Hlth
1087 Physical Ed-Sport Mgmt
1090 Social Sci for Sec Ed
1092 TESOL: K-12
1093 TESOL
1097 Soc Studies for Sec Ed
1100 English
1110 English-Writing
1111 Environ Studies: Science
1112 Env Studies-Community
1113 Env Studies-Culture
1114 Environmental Studies
1116 English Literature
1121 Fine Arts-Theatre-Act/Dir
1122 Fine Arts-Theatre-Des/Stg

1123 FA-
Theatre:Act/Dir/Des/Stgcrft

1124 PA-Theatre Design/Tech
1126 PA-Theatr Act/Dr/Des/Tech
1127 PA-Theatre Technology
1128 PA-Theatre Actng/Directng
1129 Performing Arts
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1130 Theatre
1135 Communication Studies
1141 Classical Studies
1144 French
Program ID Description
1148 Spanish
1150 Spanish Education (K-12)
1160 Health Information Mgmt
1161 Health/Phys Ed-Comm Hlth
1162 Health/Phys Ed-Spts Mgmt
1163 Hlth/PE-Comm Hlth/Spts Mgt
1164 Health/Phys Ed (K-12)
1165 Community Health
1170 History
1180 International Relations
1200 Mathematics
1201 Math-Engr/Phys
1203 Math-Bus/Econ
1205 Math-Biol/Chem
1207 Math-Cmptr Sci
1208 Mathematics-Engineering
1211 Mathematics-Chemistry
1213 Math-Natural Sci
1214 Math-Educ/Psych Cone
1215 Mathematics-3-2 Engineering
1216 Civil Engineering
1217 Math-Pre Optometry
1218 Math/Cmptr Sci-Web Devel
1219 Mathematics-Business
1220 Nursing
1221 Math-Med Prof Cone
1222 Math:Actuarial Sci
1223 Math:Earth Sci/GIS
1230 Philosophy
1231 Ethics & Values Studies
1240 Political Science
1250 Psychology
1270 Social Work
1290 Sociology
1300 Theology
1301 Theology-Systematic
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1302 Theology-Contextual
1350 Undeclared
3020 Biology-Sec Education
3100 English-Sec Education
Program ID uescnption
3110 Eng Lit/Wrtg Brdfld-Sec Ed
3111 English Educ-Broadfield
3170 History-Sec Educ
3200 Mathematics-Secondary Educ
3240 Political Sci-Sec Educ
7003 Business Administration
7005 Chemistry
7060 Computer Science
7100 English
7110 English Writing
7120 Art
7121 Visual Arts
7135 Communication Studies
8000 Healthcare Bus Ad MDM*

8001 Global Community Studies 
MDM*

8002 Natural Science Education 
MDM*

8003 Marketing Comm MDM*
8004 Medical Admin MDM*
8010 Bus Admin/Bio Sci MDM*

8011 Educ Studies/Comm Setting 
MDM*

8014 Community Health/Healthcare 
Admin MDM*

8020 Journalism-MDM*
8021 Visual Communication MDM*
8024 Hlth Sci: Psy/Biol MDM*
8025 Liberal Science MDM*

8026 HPE-Admin Spts/Rec Prog 
MDM*

8027 Chemistry MDM*
8028 Natural Science MDM*
8030 Ar Con: Chemistry
8041 Ar Con: Psychology
8043 Ar Con: Social Sciences
8044 Ar Con: Math/Computer
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Science
8050 Ar Con: American Studies
8063 Ar Con: Biology/Chemistry
8064 Ar Con: Ecosophy
Program ID Description
8070 Ar Con: Ed Studies/Chldhd Ed

8072 Ar Con: Peace/Justice St
MDM*

8073 Brdfld Social Sci MDM*
8074 Unity of Knowledge MDM*
8075 Social Science MDM*
8076 Culture/Religion MDM*

8077 Ed Studies: Spec Ed Cone 
MDM*

8078 Hist/Anthro Wrtg MDM*

8080
Psych/Counsel:Commun
MDM*

8081 Political Philosophy MDM*
8082 Educational Studies MDM*
8084 Neuroscience MDM*
8085 Health/Psychology MDM*
8090 Fine Arts MDM*
8091 Vis Arts/Graphic Dsgn MDM*
8093 Bus/Soc/Pol Solutions MDM*
8094 Biopsychology MDM*

8095 Environ St: Psych/Theol
MDM*

8096 Pre-Optometry Studies MDM*
8098 Education/Soc Sci MDM*
8101 Fine Arts/Communic MDM*
8102 TV Brdcst: Prod/Mrktg MDM*
9000 Dental Hygiene
9011 Medical Technology
9013 Religious Education
9016 Chemistry
9018 Nursing Education
9019 Chemistry-Sec Educ


