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his paper builds on an earlier study of retention in U.S.

computer science bachelor’s programs in the 2016-17
academic year. Focusing on the 2017-18 academic year, this
paper presents and analyzes comprehensive U.S. student
data for the six bachelor’s and three associate’s computing
disciplines in which ACM has produced curriculum
guidelines. Disaggregating data by gender, race/ethnicity,
and type of institution, the 2017-18 student retention
analyses in this paper help define national benchmarks
that can benefit computing educators, researchers, and
academic leaders in their efforts to address diversity and
inclusion issues in their institutions and provide roadmaps
for further investigation.

INTRODUCTION

Retention in academic computing programs is an issue of
importance to the computing community. It often arises in
discussions about gender and race/ethnicity diversity in our
disciplines [3], and more generally is a standard metric of
program performance in terms of student participation and
outcomes. In 2016, the ACM Education Board established
a committee to examine retention in four-year, post-
secondary computer science (CS) education programs in
the United States. The committee’s final report [10] stated
its goals of exploring existing datasets and data challenges,
identifying factors contributing to the student attrition, and
recommending potential interventions to improve retention.
The report noted the “paucity of data-driven analyses and
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recommendations in the general literature” and concluded that
“empirical data to examine retention is both limited and messy”
However, it suggested that data collected by the National
Student Clearinghouse (NSC) Research Center [7], which the
committee learned about too late to gather any of its data for
analysis, could provide a much richer source of retention data
for U.S. computing programs.

As a result of the committee’s recommendation, and to gain
more insight into the quality of NSC data, the ACM Education
Board funded the acquisition of enrollment and retention data
for students in 2016-17 CS bachelor’s programs. The resulting
study [14] covered more than 250,000 students, and analyzed
enrollments and retention along the dimensions of gender,
race/ethnicity, class rank, and type of institution. Satisfied with
the value of the NSC data, the ACM Education Board and the
ACM Committee for Computing Education in Community
Colleges (CCECC) made possible the compilation of a more
comprehensive NSC data set for the 2017-18 academic year,
which included bachelor’s and associate’s degree programs in
CS and other computing disciplines. Investigations focused
on a particular area of computing [9] or a particular subset of
institutions [12] used the 2017-18 bachelor’s enrollment data.
This article focuses on the retention component of the 2017-
18 data in a comprehensive manner, across bachelor’s and
associate’s programs, ACM’s different computing disciplines,
and a variety of subsets of institutions.

Our goal in this paper is to help the computing community
understand the extent to which students are being retained in
various U.S. computing programs from a national perspective.



This will help those interested in studying and improving
retention to see where retention appears to be a serious
problem and where it does not. The data we present can
provide a benchmark for a program to assess its own retention,
and to compare the results of retention improvement strategies
relative to U.S. norms.

Our data do not provide any indication of why students were
not retained, nor what happened to those students who were
not retained. These, of course, are questions of interest. The
NSC data does not have the capability to provide an answer
to the former question, though it does have the capability to
provide some answers to the latter question. We will discuss
that further in the paper’s concluding section.

NSCRETENTION DATA ACQUISITION:

A CIP-BASED APPROACH

Institutions report data to NSC by student, using Classification
of Instructional Program (CIP) Codes [6] to denote the student’s
current program of study;' they then use the NSC student-based
data to study students who leave their institution or do not
accept offers of admission. Programs get their CIP codes when
they are created or when program curricular updates warrant
a CIP code change. CIP codes are widely used to determine if
programs are STEM programs—for instance in determining
eligibility for Optional Practical Training [4].

ACM has developed bachelor’s curricular guidelines for
six computing disciplines: computer science (CS), computer
engineering (CE), information systems (IS), information
technology (IT), software engineering (SE), and cybersecurity
(CY), all of which have ABET accreditation criteria [1]. ACM
CCECC has published guidelines for associate’s programs in CS,
IT, and CY. ABET has approved of accrediting 2-year programs
in CY within its Computing Accreditation Commission.

With input from computing educators with expertise in
accreditation criteria and development of the ACM discipline-
specific curriculum recommendations, a group of the ACM
Education Advisory Committee mapped CIP codes to the six
computing programs as shown in Table 1. The result was very
similar to the mapping used in a prior study that used IPEDS
data to examine the representation of women in computing [13].

Table 1: Mapping of CIP Codes to Computing Disciplines

DISCIPLINE | CIP CODES

cs 1.0101, 11.0701
CE 14.0901, 14.0902

IS 10401, 11.0501, 521201, 521206, 52.1299

T | i004,1.0895, 1.0901, 11001, 11002, 11004, 11005
SE 14.0903

cY 111003, 43.0116

N this paper, CIP codes for 2010 are used, as they were the codes in effect for the
period of study. The codes are updated every ten years, and some code changes will
be effective in 2020.
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There are, however, limitations to our approach in
characterizing the representation of students within computing
programs. Although the vast majority of institutions reports
data to NSC, there are some institutions that do not, notably,
the military academies. Furthermore, we are aware of instances
where different institutions use the same CIP code for programs
in different computing disciplines [9]. We have no control over
such reporting discrepancies, and do not believe they materially
affect our results. We hope that continuing to use a CIP-based
approach to access NSC student data will make computing
faculty and their departments more cognizant of the importance
of the CIP codes and encourage them to take an active role in
CIP code selection or revision for their computing programs.

NSC provided us with student data for each of the six
bachelor’s disciplines and each of the three associate’s disciplines
using the mapping in Table 1. The data consisted of the number
of students enrolled in each discipline during the 2017-18
academic year, the number of these enrolled students who then
graduated by the end of that academic year, and the number of
these enrolled students who were still in the same program of
study at the same institution in 2018-19. These two subsets of
enrollees enabled us to study the retention of students in 2017-
18 using the following definition.

A student enrolled in an academic computing

program during a given year is considered as having

been retained by the program in that year if either
the student graduated from the program by the end

of that year or was still in the program during the

following year.

Thus, we are in fact measuring one-year retention at the
program level. We recognize that others use the term retention
in different ways. For example, institutions are interested in
studying retention at the institutional level. For this purpose, as
long as a student stayed at the same institution, the institution
considers the student as retained, even if the student has
changed the program of study. NSC also affords the ability to
study such institution-level characteristics, as well as multi-
year retention at the program of study level. However, such
studies are beyond the scope of this paper.

In addition to having data disaggregated by each computing
discipline, and similar to the 2016-17 CS study, we had the data
for each discipline further disaggregated by student gender and
race/ethnicity, and by type of institution. Bachelor’s student
data also was disaggregated by class rank.

The resulting data set is by far the most comprehensive we
have seen for analyzing student retention in U.S. computing
programs. The data encompassed over 2,000 computing
bachelor’s degree programs with more than half million
enrolled students, and nearly 1,200 computing associates’
degree programs with more than half million enrolled students.
Table 2 provides a high-level profile of the data we obtained
and shows, for each degree level, the number of institutions
reporting programs of study in each respective computing
discipline, and the aggregate number of students enrolled
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in such programs of study in 2017-18. Institutions that have
programs in more than one discipline are included in each
relevant column in the table; however, institutions having more
than one program in a particular computing discipline (e.g., a
BA and BS in CS) are counted only once per discipline in the
table, with the respective program enrollments combined.

Table 2: Profile of the 2017-18 NSC Data Set.

DISCIPLINE
Cs CE IS IT SE cY TOTAL
# INSTITUTIONS REPORTING PROGRAMS OF STUDY
Bachelor’s 925 229 | 432 308 55 99 2,048
Associate’s 381 NA NA 657 NA | 158 1,196
# STUDENTS ENROLLED

Bachelor’s 283,080 (52,010 | 91,355 | 104,016 | 9,416 | 28,888 | 568,765
Associate’s 106,356 | NA NA |136,083| NA |[18,246 [260,685

Thenextsectiondiscussestheretentiondatafor U.S.bachelor’s
students; it is followed by a section discussing the retention
data for U.S. associate’s students. For each set of students, we
analyzed retention differences by gender, race/ethnicity, and
institution type. In the bachelor’s section we further studied
retention differences by class rank, and compared the analysis
of the 2017-18 data for CS with that previously published for
2016-17 data. Each section begins with the presentation of
the data and analyses aggregated across all institutions, and
is then followed by presentation and analyses for different
institution types. Two-tailed z-tests were performed to assess
the statistical significance of retention differences throughout
the paper. Following these two major sections, we provide a
synthesis of major results and commentary on questions that
they give rise to for further study.

RETENTION IN U.S. BACHELOR'’S
COMPUTING PROGRAMS

Table 3 compares retention of U.S. bachelor’s students by
discipline, aggregated over all institution types. The table shows
both overall retention for each discipline, and breakdowns by
gender, race/ethnicity, and class rank. Each cell in this table
shows the percentage, of the particular category of 2017-18

enrolled students, who either graduated in 2017-18 or were still
in the program in 2018-19. For some of the software engineering
categories, we were unable to derive exact retention values
from the data reported by NSC. These cells are noted by “NA”
This is due to small cell sizes, as NSC does not report values
for cells with fewer than 10 students. In all tables and figures
that report race/ethnicity, we use the following abbreviations:
Al for American Indian/Alaska Native, AS for Asian, BL for
Black/African American, HI for Hispanic, MR for Multiple
Races, NH for Native Hawaiian or other Pacific Islander, NR
for Nonresident Alien, and WH for White. We use the term
“Unreported” (U) to represent instances where the student’s
gender, race/ethnicity, or class rank was not provided, primarily
because the institution chose not to report it or in some cases,
because students decline to provide this information to their
institution. Across the six disciplines, the range of unreported
gender was 1.6-6.8% of the students with median of 4.7%,
the range of unreported race/ethnicity was 15.8—-37.8% with
median of 22.8%, and the range of unreported class rank was
12.9-40.6% with median of 23.3%. In the analyses that follow,
when we are testing gender differences between male and
female students, we include students of the known gender
even if their race/ethnicity is unreported. Similarly, when doing
comparisons of different race/ethnicity categories, we include
students of the known race/ethnicities even if their gender is
unreported.

Overall retention is highest in CE and CS, and is lowest in
CY and IT. Within each discipline, retention is higher for male
than it is for female students. While the percentages for male
and female students within each given discipline may appear
similar, these gender differences are statistically significant at
the 1% level for CS, IT, and CY, and significant at the 5% level for
IS. The differences for CE and SE are not statistically significant.
The CS result replicates that for the 2016-17 academic year [14].

Asian and Nonresident Alien students had the two highest
retention rates within each discipline. Black students had the
lowest retention rates in each discipline. Figure 1 illustrates
that the five largest race/ethnicity categories (Asian, Black,
Hispanic, White, and Nonresident Alien) follow a nearly
identical retention rate ordering within each discipline.
Retention differences between Black and Hispanic students are
statistically significant at the 1% level except in CY, where the
difference is not significant. The retention difference between

Table 3: Bachelor’s Retention Percentages by Discipline - All institution types combined

Gender Race/Ethnicity
M BL HI MR NH NR SO JR SR
CS 75.8 747 | 756 | 80.3 | 69.4 | 831 64.0 | 71.8 73.9 | 728 | 795 76.1 75.9 61.0 73.6 | 80.8 | 833 | 74.8
CE 77.2 764 | 770 | 80.2 | 703 | 812 | 685 | 735 | 752 | 76.3 | 795 | 780 | 770 | 625 | 716 | 809 | 86.8 | 778
IS 73.6 729 | 737 | 769 | 69.7 | 80.3 | 677 725 | 763 | 743 | 788 | 76.0 70.1 58.4 | 68.8 771 815 | 69.9
IT 69.7 688 | 69.7 | 735 | 674 817 | 643 | 718 714 | 643 | 757 | 725 | 65.8 551 69.8 76.1 79.0 | 66.2
SE 74. 721 74.1 79.0 NA 795 | 64.0 | 73.3 | 70.0 NA 809 | 733 76.1 NA NA NA 80.3 | 76.5
cYy 69.3 | 66.9 | 698 | 717 | 636 | 731 634 | 65.8 | 69.3 | 701 83.3 711 69.0 | 536 | 642 | 729 | 759 | 746

Class Rank

| overall |
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Hispanic and White students is statistically significant at the
1% level in CS, CE, IS, and CY; there is no significant difference
in IT or SE. Differences between White and Asian students are
statistically significant at the 1% level except in CY, where there
is no statistical significance. Differences between White and
Nonresident Alien students are statistically significant at the
1% level in CS, SE and CY; they are statistically significant at the
5% level in IS and IT, and are not statistically significant in CE.

We also performed tests of the significance of retention dif-
ferences by gender within the five largest race/ethnicity catego-
ries. The only significant gender difference for Asian students
was in IS, where female student retention was significantly
higher than that of male students at the 5% level. Among Black
students, male student retention was significantly higher than
that of female students at the 1% level in both IS and IT, and
among Hispanic students, male student retention was signifi-
cantly higher than that of female students at the 1% level in CS
and SE. Among White students, female student retention was
significantly higher than that of male students at the 1% level in
CS and at the 5% level in IT. Finally, among Nonresident Alien
students, female student retention was significantly higher than
that of male students at the 5% level in CS, CE, IS and IT. These
results are summarized in Table 4. Tests that were not signifi-
cant are denoted by NS and tests that could not be performed
due to lack of sufficient data are denoted by NA. The results
illustrate that the overall higher retention of male students within
each discipline is not the whole story, even when the retention
difference is statistically significant. There are important sub-
sets for whom female student retention is statistically higher
than that of male students.

Except in SE, where comparisons between class ranks could
not be made, retention increased by class rank within each dis-
cipline. Each of the pairwise increases between one class rank
and the next was statistically significant at the 1% level.
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Table 4: Retention Differences by Gender within Selected Race/Ethnicity
Categories

| es | e | s | o | s | e
AS | Ns NS | F(5%) | NS NS NS
BL| NS NS | Ma%) | Ma% | Ns NS
HE| Ma% | Ns NS NS | Ma%) | NS
NR| Fe% | Fe% | Fex | Fex | NA NS
WH| Maw | Ns NS | MG%) | Ns NS

Tests where retention of male students was significantly higher are denoted by “M(level)”
where level is 1% or 5%. Tests where retention of female students was significantly higher
are denoted by “F(level)”.

DISAGGREGATION BY TYPE OF INSTITUTION

The data allowed several comparisons to be made about
retention at different types of institutions. These include public
vs private nonprofit (Table 5),> Minority-Serving Institutions
(MSIs)® vs non-MSIs (Table 6), and Carnegie R1 vs Carnegie
R2 vs non-R1 or R2 institutions* (Figure 2) [5]. Following each
table, we summarize the results of some statistical analyses
performed on the data.

In CS, private nonprofits have significantly greater retention
than do publics, at the 1% significance level. Within publics,
retention of male students is significantly greater than that of
female students, but within private nonprofits, retention of female
students is significantly greater than that of male students. Each
of those significance levels also is 1%. These results are consistent
with those reported in [14] for CS students in 2016-17, except that
in 2016-17 the retention of female students at private nonprofits,
while higher than that of male students, was not significantly so.

2 A small number of for-profit institutions also reported data to NSC, but there are too
few for separate analysis. Their data is included in the overall statistics reported in this
paper for both bachelor’s and associate’s programs.

3 MSls are not further subdivided by type of race/ethnicity category

4 Carnegie R1institutions are Doctoral-Very High Research Activity; Carnegie R2 are
Doctoral-High Research Activity.

mBL
mHI
mWH
NR
mAS
0
Cs CE IS IT SE Ccy

Figure 1: Similarities in Relative Retention of Selected Race/Ethnicity Categories Across Disciplines
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Table 5: Bachelor’s Retention Percantages by Discipline - Public vs Private Nonprofit

Public |
# Overall Gender Race/Ethnicity
Inst F M U AS BL HI NR WH
CS 429 76.1 74.4 76.1 79.6 83.3 64.9 721 79.1 76.3
CE 153 77.0 75.8 77.0 80.1 81.1 68.7 73.5 79.7 775
IS 251 75.6 75.8 75.3 781 80.9 72.6 74.5 79.1 77.4
IT 156 76.0 76.1 76.0 75.9 82.8 72.0 76.2 775 75.7
SE 28 72.0 69.8 71.9 79.5 78.4 62.0 7.7 821 70.0
cY 41 70.6 69.9 70.9 67.8 71.9 69.6 69.1 84.3 74.5

Private Nonprofit ‘

# Overall Gender Race/Ethnicity
Inst F M U AS BL HI NR WH
CS 486 76.9 774 76.3 83.1 83.0 66.0 72.6 811 76.9
CE 75 781 79.3 776 80.9 82.2 67.5 741 77.7 80.3
IS 170 75.4 75.4 74.9 83.8 79.9 69.9 69.5 821 76.8
IT 132 68.6 71.3 67.8 78.3 81.7 66.9 701 77.7 73.2
SE 26 81.9 80.9 82.3 76.6 85.2 72.0 80.5 NA 83.8
cY 49 743 701 75.0 82.6 77.7 63.5 66.7 NA 729
In CE, it also is the case that private nonprofits have In IS, none of these tests is significantly different.
significantly greater retention than do publics, at the 5% In IT, publics have significantly greater retention than do

level. Similar to CS, the direction of the gender comparisons  private nonprofits, at the 1% significance level. The gender
for retention at publics favors male students, while at private ~ comparison for publics is not significant, while female student
nonprofits it favors female students. However, neither of these  retention is significantly greater than that of male students at
differences is statistically significant. private nonprofits, at the 1% level.

Table 6: Bachelor’s Retention Percentages by Discipline - MSls vs non-MSls

MSis ‘
# Overall Gender Race/Ethnicity
Inst F M U AS BL HI NR WH
Cs 180 772 74.8 777 774 83.2 66.5 73.2 77.0 77.4
CE 51 773 76.1 773 79.8 81.2 67.2 72.6 79.3 79.8
IS 83 79.7 80.0 79.6 78.8 831 72.5 76.5 81.3 78.8
IT 55 75.5 74.7 75.5 78.2 82.8 71.6 75.0 80.6 78.2
SE 8 75.8 69.7 76.5 82.8 85.1 NA 72.6 86.5 82.8
cY 14 76.9 75.7 77.7 70.3 73.3 65.8 73.4 NA 70.3
Non-MSls
# Overall Gender
Inst F M U AS BL HI NR WH
CS 745 75.3 74.7 74.9 81.4 83.1 62.7 70.5 80.2 75.5
CE 178 771 76.5 76.9 80.4 81.2 69.3 74.7 79.5 773
IS 349 7.7 70.7 7.7 75.9 78.0 66.3 69.8 77.3 751
IT 253 68.9 68.1 69.0 72.6 81.4 63.0 70.6 74.6 72.3
SE 47 73.3 73.5 731 75.0 75.0 NA 73.8 78.6 73.6
cY 85 68.2 65.5 68.8 724 73.0 631 62.4 NA 69.8
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In SE, private nonprofits have significantly greater retention
than do publics, at the 1% level. While retention of male
students at both publics and private nonprofits exceeds that of
female students, the differences are not statistically significant
in either case.

In CY, private nonprofits have significantly greater retention
than do publics, at the 1% level. There is no gender difference
for publics, but retention of male students is significantly
greater than that of female students at private nonprofits, at the
1% level.

Opverall retention at MSIs exceeds that at non-MSIs in each
of the six disciplines. The differences are statistically significant
at the 1% level in all disciplines except CE, where no statistically
significant difference was present.

In CS, retention at MSIs is also significantly higher than at
non-MSIs at the 1% level among male students, and among
Black, Hispanic and White students. Retention of female and
Asian students each show no significant difference between
MSIs and non-MSIs, and retention among Nonresident Alien
students is significantly higher at non-MSISs, also at the 1% level.
The 2016-17 results were similar, but not identical [14]. In 2016-
17, retention of Nonresident Alien students was higher at MSIs
than at non-MSIs, though the difference was not statistically
significant. Also, the significance level for Hispanic students
was 5%, not 1%, although the difference was in favor of MSIs as
it was in 2017-18.

In CE, the only significantly different retention was among
White students, where MSI retention was significantly higher
than non-MSI retention at the 1% level.

In IS, all comparisons are statistically significant at the 1%
level in favor of MSIs with the exception of the comparison
of Nonresident Alien students, which showed no significant
difference.
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In IT, retention at MSIs was significantly higher than at non-
MSIs at the 1% level for both male and female students, and for
Black, Hispanic, and White students. There was no statistically
significant retention difference between MSI and non-MSIs for
Asian or Nonresident Alien students.

In SE, retention of male and of Asian students each was
statistically higher at MSIs at the 1% level. Retention differences
for Black students could not be examined, and retention
differences for female students and for Hispanic, White, and
Nonresident Alien students were not significant.

Finally, in CY, retention at MSIs was significantly higher
than at non-MSIs at the 1% level for both male and female
students, and for Hispanic and White students. There was no
statistically significant retention difference between MSIs and
non-MSIs for Asian and Black students. Retention differences
for Nonresident Alien students could not be examined due to
lack of sufficient data.

In CS and IS, retention significantly decreased at the 1% level
as the institution’s research intensity decreased. The CS results
are identical to those for 2016-17 [14].

In CE, retention at R1 institutions is significantly higher than
that at either R2 or non-R1/R2 institutions at the 1% level, but
there is no significant difference in retention between R2 and
non-R1/R2 institutions.

In IT and CY, retention at R1 and R2 institutions are not
significantly different, but retention at R2 institutions is
significantly higher than retention at non-R1/R2 institutions at
the 1% level.

For SE, retention at R1 institutions is significantly higher
than that at R2 institutions at the 1% level, and retention at
non-R1/R2 institutions is significantly higher than that at R1
institutions at the 1% level.

R1
mR2
m Non-R1/R2
IT SE

(44

Figure 2: Bachelor’s Retention by Discipline—R1 vs R2 vs non-R1/R2
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RETENTION OF U.S. ASSOCIATE’S
STUDENTS

Table 7 compares retention rates of associate’s students by
discipline, aggregated over all institution types, including
breakdowns by gender and race/ethnicity. As with the Bachelor’s
data, each cell shows the percentage of the particular category
of 2017-18 enrolled students who either graduated in 2017-18
or were still enrolled in the program in 2018-19.

Overall retention is highest in CY and lowest in CS. Within
each discipline, retention is significantly higher for male
students than it is for female students, at the 1% level.

In CS, Nonresident Alien and Hispanic students had the
two highest retention rates, and Black students had the lowest.
In IT, Nonresident Alien and White students had the highest
retention rates, while Hawaiian/Pacific Islander students had
the lowest. In CY, Asian and Nonresident Alien students had
the highest retention rates, while Hispanic students had the
lowest. Hispanic students have the most consistent retention
rates across the three disciplines, rounding to 51% in all cases.
In CS, this is the second highest retention rate and in CY it is the
lowest. Therefore, the relative retention of associate’s students
in the various race/ethnicity categories lacks the uniformity
across disciplines that was present in the bachelor’s students.

This is illustrated in Figure 3, which shows the same five race/
ethnicity categories in the same order as was presented for
bachelor’s retention in Figure 1.

DISAGGREGATION BY TYPE OF INSTITUTIONS
Comparisons can be made about retention at different types of
institutions. The preponderance of associate’s level programs
is at public institutions, so comparisons based on institutional
control are not of particular significance. However, we can
compare Minority-Serving (MSI) vs non-MSI (Table 8), as
well as different Carnegie classifications of associate-degree
granting institutions (Table 9). Following each table, analysis of
the data is briefly discussed.

Overall retention at MSIs is higher than at non-MSIs for CS,
lower for IT, and the same for CY. The differences for CS and IT
are statistically significant at the 1% level.

In CS, retention at MSIs is higher than at non-MSIs
among both male and female students, and among Hispanic
students.

In IT, retention at MSIs is higher than at non-MSIs among
unreported gender and among Nonresident Alien students.

In CY, retention at MSIs is higher than at non-MSIs among
female students, and among Asian, Black, and White students.

Table 7: Retention Percentages of Associate’s Students by Discipline - All Institutions
IEN

‘ Overall ‘ Gender

Inst Students M

Race/Ethnicity
HI MR NH

cs 381 106,356 49.3 46.1 50.0 50.2 46.5 49.7 43.8 51.0 48.5 49.3 519 49.5 50.0
IT 657 136,083 52.4 51.2 52.7 51.2 48.7 52.4 472 50.8 48.5 45.6 58.3 54.5 53.3
(4 158 18,246 55.0 52.7 55.6 56.2 53.3 60.3 53.3 51.0 53.7 52.5 58.2 57.0 52.8
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Figure 3: Relative Retention of Selected Race/Ethnicity Categories Across Disciplines in Associate’s Programs.
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Table 8: Retention Percentages of Associate’s Students by Discipline - MSls vs Non-MSls

MSIs ‘
# # Overall Gender Race/Ethnicity
Inst Students F M U AS BL HI NR WH

cs 136 53,447 49.7 46.4 50.5 50.0 48.6 429 519 51.6 49.2
IT 176 47,973 50.5 49.3 50.6 52.9 51.5 472 50.2 59.4 51.2

cYy 43 7,671 55.0 53.0 55.6 54.2 60.8 56.1 50.6 NA 575
Non-MSlis ‘
# # Overall Gender Race/Ethnicity
Inst Students 7 M U AS BL HI NR WH

cs 245 52,909 48.9 45.8 49.5 50.3 51.6 44.6 48.4 52.8 49.7
IT 481 88,110 53.4 52.3 53.8 49.9 539 47.3 51.6 56.0 55,8
cy 125 10,575 55.0 52.4 55.6 574 59.4 50.4 51.5 NA 56.8

In Table 9, the three institution types shown are defined by = CTE-Mixed includes:

grouping the Carnegie categories for associate-degree granting » Mixed Transfer/Career & Technical-High Traditional
institutions [5] as follows. * Mixed Transfer/Career & Technical-Mixed Traditional/
Nontraditional
Associate-High Transfer includes: » Mixed Transfer/Career & Technical-High Nontraditional
» High Transfer-High Traditional » High Career & Technical-High Traditional
» High Transfer-Mixed Traditional/Nontraditional » High Career & Technical-Mixed Traditional/Nontraditional
» High Transfer-High Nontraditional » High Career & Technical-High Nontraditional
Bachelor-Associate includes:
» Mixed Baccalaureate/Associate’s Colleges Overall retention in CS is highest at Associate-High Transfer
¢ Associate’s Dominant institutions (49.9%), followed by CTE-Mixed institutions (49.1%)

Table 9: Retention Percentages of Associate’s Students by Discipline - Carnegie Classification (Associate-High
Transfer, Bachelor-Associate, CTE-Mixed)

Associates-High Transfer

# # Overall Gender Race/Ethnicity
Inst Students F M U AS BL HI NR WH

cs 173 64,701 49.9 47.4 50.3 52.4 50.5 44.2 51.0 51.6 49.2
IT 201 46,402 50.6 48.8 51.0 50.9 50.1 46.5 50.2 52.9 52.3
cy 58 8,919 55.3 53.6 55.4 59.9 63.4 53.8 49.9 52.6 56.3

Bachelor-Associates ‘

# # Overall Gender Race/Ethnicity
Inst Students F M U AS BL HI NR WH
cs 25 8,201 454 40.2 474 379 394 339 52.2 51.4 45.2
IT 93 657 52.3 49.9 52.9 55.6 53.3 46.6 49.6 64.2 54.7
cy 21 3,157 56.4 51.2 581 40.3 53.2 51.6 52.0 50.8 60.0

CTE-Mixed ‘

# # Overall Gender Race/Ethnicity

Inst Students F M U AS BL HI NR WH

cs 183 33,454 491 453 50.1 473 50.9 447 50.4 58.4 50.9
IT 363 61,339 53.7 53.7 53.9 49.7 554 48.0 52.4 56.4 5515
(4 79 6,170 54.0 52.2 54.5 481 57.2 53.2 51.9 NA 56.0
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and then Bachelor-Associate institutions (45.4%). Each of
the pairwise comparisons (High-Transfer vs. Bach-Assoc,
Bach-Assoc vs. Mixed, and High-Transfer vs. Mixed) is
statistically significant at the 1% level. Retention at High-
Transfer institutions also was statistically higher compared
with CTE-Mixed Institutions for female students, students of
unreported gender, and White students (1% level), and for Non-
resident Alien students (5% level). CTE-Mixed Institutions had
significantly higher retention than Bach-Assoc Institutions for
each of the three gender categories, as well as for Asian, Black,
and White students (all at 1% level).

Overall retention in IT is highest at CTE-Mixed institutions
(53.7%), followed by Bachelor-
Associate institutions (52.3%),
and then Associate-High
Transfer institutions (50.6%).
All  pairwise comparisons
are significantly  different
at the 1% level. Retention
at CTE-Mixed Institutions
also was significantly higher
compared with  Bachelor-
Associate  Institutions  for
female students, students
of unreported gender, and
Hispanic students (1% level),
while it was significantly
lower  for  Non-resident
Alien students (5% level).
Retention  at  Bachelor-
Associate Institutions was
significantly higher compared
with Associate-High Transfer
institutions for male students, students of unreported gender,
Non-resident Alien and White students (1% level), and Asian
students (5% level).

Overall retention in CY is highest at Bachelor-Associate
institutions (56.4%), followed by Associate-High Transfer
institutions (55.3%), and then CTE-Mixed institutions (54.0%).
Bachelor-Associate institutions are significantly different
from CTE-Mixed institutions at the 5% level. The other
two comparisons (Bachelors-Associates vs. Associate-High
Transfer and CTE-Mixed vs. Associate-High Transfer) are
not significant. Retention at Bachelor-Associate institutions is
significantly higher compared with Associate-High Transfer
institutions for male students, and for Asian and White
students (each at the 5% level), while it is significantly lower
for students of unreported gender (1% level). Retention at
Associate-High Transfer institutions was significantly higher
compared with CTE Mixed institutions only for Asian students
(5% level). Bachelor-Associate institutions had significantly
higher retention compared with CTE-Mixed institutions for
male students (1% level) and White students (5% level), and
significantly lower retention for Non-resident Alien students
(1% level).
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... the purpose of our study was not
to offer explanations of why the data
show what they do, but rather to
provide concrete evidence
of the nature of retentionin
both bachelor’s and associate’s
computing programs—evidence that
can be used by other
researchers, academic leaders,
industry, and others to inform and
ground their work.

SYNTHESIS AND USE OF KEY FINDINGS

The previous sections delineated the detailed results of our
analysis of the data. In this section, we focus on the high points
of what the data revealed, and offer some suggestions for how
this information can be of use to our community. As mentioned
earlier, the purpose of our study was not to offer explanations of
why the data show what they do, but rather to provide concrete
evidence of the nature of retention in both bachelor’s and
associate’s computing programs—evidence that can be used
by other researchers, academic leaders, industry, and others to
inform and ground their work.

To what extent does the data show that retention in
computing programs really is
a problem? We can explore
this question from a variety of
perspectives.

Our various analyses in-
cluded tests of statistical signif-
icance of retention differences.
Because the sizes of most of
the populations studied are
very large, what may appear
to be small absolute differenc-
es in retention percentages in
fact end up being significant.
If one’s goal is to reach a sit-
uation where there is no sta-
tistical difference in retention
between two populations, as
might be desired across gender
or race/ethnicity categories,
these significance tests inform
decisions concerning which
situations need attention, while a simple “eyeballing” of actual
retention values may reach different conclusions. This is not to
say that statistically equalizing retention across genders or race/
ethnicity categories will itself have a major impact on diversity in
computing. It is possible to have statistically equalized retention
and also have serious imbalances in the representation across
the gender and race/ethnicity categories relative to their popu-
lation in society. But exacerbating imbalances in representation
with differential retention that further weakens this representa-
tion compounds the diversity problem.

From the perspective of gender differences, the data affirmed
that there are many significant differences in gender retention,
generally in favor of retaining male students. While we were not
surprised by this, given previous research involving multiple
institutions (see, e.g., [2] and [11]), we were able to quantify
these differences on a national scale as well as showing where the
gender retention differences are not significant. Furthermore,
by looking more deeply at institutional characteristics, racial/
ethnicity considerations, and different computing disciplines,
we showed that there are gender retention differences that
favor female students. For example, retention of non-resident
female students is actually higher than that of non-resident



male students in many of the disciplines. At private non-profit
institutions, retention of female students aggregated across all
race/ethnicity categories is higher than that of male students
in CS and IT, the two disciplines with the largest population
of enrolled students. But this is not true at public institutions.
The reasons for these results are worthy of exploration and
understanding. Other research has identified factors that
appear to influence retention of female CS students [8]; do
these factors relate to the variables in our study and how do
they apply to disciplines other than CS? So, is retention of
female students a greater problem than that of male students?
The answer appears to be “it depends”
From a race/ethnicity per-
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Table 10: Representation of Black Students Among Freshmen by
Discipline in 2017-18 Bachelor’s Programs

Percentage of Freshman for whom Race/
Ethnicity is Known

cs 13.4%
CE 8.5%
IS 23.8%
IT 18.1%
SE 6.1%
cy 18.0%

of this discipline. On the other
hand, it is possible that the set

spective the data showed that,
in bachelor’s programs, Black
students had lower retention
than the other major race/eth-
nicity categories, no matter
which discipline was consid-
ered. While this may support a
conclusion that retention of
Black students is a significant
problem in lack of diversity in
computing, there is more that
can be learned from NSC data
about how one might ap-

From the perspective of gender
differences, the data affirmed
that there are many significant
differences in gender retention,
generally in favor of retaining
male students. While we were not
surprised by this, given previous
research involving multiple

of institutions that offer an IT
degree has overall Black stu-
dent representation higher
than the national average of
13.8%, which could lead to the
conclusion that both repre-
sentation and retention are
the issue for IT.

MSIs  had significantly
higher retention of bachelor’s
students than did non-MSIs
in almost every discipline.

proach the problem. For ex-
ample, at some institutions,
Black students are underrep-
resented in the computing
program(s) from day one. We
examined the NSC data by
class rank and saw that this
typically is the case in the en-
gineering areas of computing
(ie, CE and SE programs),
where representation among the freshman class is less than
10% (see Table 10). Approaches to increasing diversity may be
different for programs in this category than they are in pro-
grams where there is a reasonable representation of Black stu-
dents in the freshman class. In the IT discipline, for example,
Black students comprised 16.7% of the total enrollment in
2017-18 aggregated across all class ranks. This was above the
13.8% national average of Black student representation among
all undergraduate students in all disciplines for whom race/eth-
nicity was known. In the freshman and sophomore class ranks,
the representation was above this national average, while at the
junior and senior class ranks, the representation was below the
national average (18.1% for freshman, decreasing steadily to
12.3% for seniors) [9]. This suggests that, on a national scale,
Black students may not be underrepresented in the introductory
IT classes. For Black students in IT, it could be more about
keeping students in the computing program than it is getting
them to select the program in the first place, while for Black
students in CE, there is a serious issue relative to their selection

institutions ... we were able to
quantify these differences on a
national scale as well as showing
where the gender retention
differences are not significant.

However,  associate’s IT
programs had significantly
higher retention at non-

MSIs. With respect to the
comparative retention among
the major race/ethnicity
categories, there was more
variability in the retention
results across the three
associate’s level disciplines
than there was across the six bachelor’s disciplines. It would be
useful to understand this as well.

CONCLUSION

We have provided a national-level perspective on retention in
higher education computing programs in the United States,
based on the very comprehensive data collected by the National
Student Clearinghouse (NSC) Research Center about students
enrolled in such programs during 2017-18. Our study reaffirms
the value of the NSC as a rich source of data for the computing
community.

Our analyses illustrate retention differences by gender, race/
ethnicity, and type of institutions. The analyses also illustrate
how retention differs across the various computing disciplines,
and how retention differs between bachelor’s and associate’s
programs. The results reported here can serve as a benchmark
for a computing program to compare, on a national scale, its
retention with retention in programs in the same discipline
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at institutions of similar types. By providing national level
retention benchmarks relative to gender and race/ethnicity, the
results also can help to ascertain the effectiveness of programs
that strive to improve diversity and inclusion in computing.
As seen in the previous section, the retention differences we
observed pose several interesting research questions to help us
understand why these differences may be present.

Because we provided only one year’s worth of retention data
in this study, our results, even when statistically significant,
should not be generalized without further analysis. Many, but
not all, of the U.S. CS bachelor’s results were consistent with
those from the previous year’s data. Going forward, we expect
to provide reports from which trends can be seen. The existence
of comprehensive data reported herein should be particularly
interesting to compare with data during the COVID-19 period
that began in academic year 2019-20. We are analyzing 2018-19
data in order to have two years of pre-COVID-19 retention data
as a baseline for such a comparison. Once COVID-19 era data is
available, we expect to provide a comparison of pre-COVID-19
and COVID-19 era data.

Other studies of interest include an investigation of students
who were not retained. NSC does not have information about
why a student was not retained. But since it is capable of track-
ing students through their enrollments in various academic
programs, we can learn whether an unretained student went
to another program at their institution or whether the student
changed institutions. The student’s new program of study is
also of interest; perhaps the student went to another comput-
ing program at the same institution, or one in another STEM
area. Perhaps the student went to another institution to study in
the same discipline. Yet another question often asked concerns
how many students who graduated actually went to higher ed-
ucation programs at the next level (i.e., associate’s graduates
going to bachelor’s programs and bachelor’s graduates going
to graduate programs). The ACM Education Board has funded
the acquisition of such data from NSC for the same students
enrolled in 2017-18. We are preparing a report on the results of
studying this data.

We recognize that our study is limited to computing
programs in the United States. We also have interest in
comparable data from other parts of the world, and hope that
this study motivates the reporting of similar data analyses from
other countries so that the computing community may learn
about computing enrollment and retention patterns globally. <
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