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Abstract

Science, technology, engineering, and mathematics (STEM) pro-
fessionals are indispensable for a robust economy and a strong
military in evolving U.S. national security contexts. However,
from high school to graduate school, the STEM pipeline loses
up to 50% of its potential workforce, particularly in quantita-
tive disciplines. This national trend is observed at the U.S. Air
Force Academy (USAFA), where STEM recruitment and STEM
major attrition are consistent challenges. Our mixed-methods
study examines factors associated with STEM attrition and per-
sistence at the USAFA using two years of academic data from the
USAFA’s Registrar’s Office and a thematic analysis of the narra-
tive responses obtained from surveyed cadets. STEM Departers
were statistically more likely to have low GPA and SAT Math
scores and to have attended a preparatory school before enroll-
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ing at USAFA. Also, undecided cadets with higher GPA and SAT
scores, secondary majors, and Scholars statuses were more likely
to major in STEM. Survey data reveals that a lack of information
about occupation and labor markets, coursework cognitive load
and quantity, and instructor interactions may be linked to STEM
attrition. Recommendations to reduce STEM attrition include (a)
developing an early-warning, data-driven system to monitor and
support STEM-interested freshmen cadets within specific SAT
score ranges and whose GPA decrease below a certain threshold;
(b) critically reviewing and strengthening the STEM curricula
at preparatory schools; (c) providing additional information and
peer-led focus groups on the academic expectations of STEM and
non-STEM majors; (d) recruiting STEM instructors with peda-
gogical content knowledge to teach introductory STEM courses;
and (e) enhancing the curricula of introductory STEM courses at
USAFA with teaching methods supported by research, including
project-based and authentic learning, and data-driven modeling.

raduates from science, technology, engineering, and mathematics (STEM)

majors are essential for many professions and for a robust economy (Fayer

et al., 2017; Piatkowski, 2020). STEM graduates and a vigorous science and
technology workforce have also been identified by the U.S. Department of Defense
(National Research Council, 2012a, 2012b, 2014) as essential for a strong military
and for an evolving U.S. national security environment that demands greater scope
and depth from science and technology. Specifically, the U.S. Air Force has priori-
tized scientific discovery and has relied on a highly skilled workforce to manage the
discovery, development, and integration of STEM to advance its mission (National
Research Council, 2010).

The number of college graduates in the United States exceeded 61 million in 2017
and nearly half of employed college graduates earn their highest degree in a science and
engineering field (Foley et al., 2020). There is a robust debate among STEM education
and policy researchers about the extent to which the output of STEM professionals is
adequate for meeting workforce needs or not. Researchers like Camilli and Hira (2019),
Carnevale et al. (2014), Hira and Hira (2008), and Piatkowski (2020) have argued that
shortages in the STEM workforce are not widespread but dependent on which disci-
plines are under scrutiny and the methodologies used when mining job posting data.
Nevertheless, there seems to be a generalized accord that the United States is not close to
meeting the need for the Nation’s science and technology talent, and that attrition from
the field may be a contributing factor (Apriceno et al., 2020; Belser et al., 2018; Hrabowski
& Henderson, 2017; Sithole et al., 2017). STEM shortages seem to be more evident in
quantitative disciplines (Duncheon, 2018; National Science Board, 2018).
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STEM attrition is defined as enrollment choices that result in students interest-
ed in STEM leaving their academic programs by switching majors to non-STEM
fields or dropping out of college (Green & Sanderson, 2017; Jelks & Crain, 2020;
Shedlosky-Shoemaker & Fautch 2015; Xu, 2018). In the United States, STEM at-
trition has been reported to be as high as 30-50% (Chen, 2013; National Science
Board, 2018).

On the road to becoming STEM professionals, high school graduates struggle at
two main points in time: during the transition from high school to college (DeVilbiss,
2014) and when students are completing their science coursework. Students struggle
with following the fast pace of science coursework (Seymour & Hunter, 2019), expo-
sure to science lectures that are broadly critiqued for transmitting information with-
out promoting understanding (Petrovic & Pale, 2015; Singh & Phoon, 2021; Wolff et
al,, 2015; Zhao & Potter, 2016), and applying mathematics and numeracy to solve sci-
entific problems (Bowen et al., 2019; Bressoud, 2015; Brewer et al., 2019; Gottfried,
2015; Hilgoe et al, 2016; Jacobs & Pretorius, 2016). Unfortunately, STEM attrition is
found to be more prevalent among college students who are minorities, first-genera-
tion, or those coming from low-income backgrounds (Chen, 2015).

Students leave collegiate STEM programs for reasons other than grades (Chen,
2013). The literature also considers the importance of attitudinal factors associated
with STEM attrition, like motivation and beliefs about their future professional oc-
cupations (Cabell, 2021; Morgan et al., 2013), student self-regulation habits (Park et
al,, 2019), career value-expectancy (Appianing & Van Eck, 2018), and STEM self-ef-
ficacy (Cohen & Kelly, 2020).
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In the case of the United States Air Force Academy (USAFA), Dwyer et al. (2020)
reports factors associated with cadets completing their bachelor’s degree in STEM
compared with data from a survey of cadets’ interest in STEM majors four years pri-
or. The survey, offered by the Basic Sciences Division, was completed by cadets the
summer before their freshman year. According to the survey, 56.5% of cadets were
STEM-interested and 30.0% were non-STEM-interested (the rest were undecided).
Four years later, 36.4% of the cadets who were STEM-interested switched majors and
graduated with a non-STEM major. In contrast, only 6.3% of the non-STEM-inter-
ested switched majors and graduated with a STEM major. Most cadets changed their
intention to major in STEM before declaring a major (Gonzélez-Espada et al., 2020a,
2020b, 2021; O’Keefe et al., 2021).

Purpose and Research Questions

The researchers were interested in improving the graduation rates of STEM
majors at USAFA by analyzing the factors associated with cadets becoming STEM
Departers or STEM and non-STEM Persisters. The researchers used two academ-
ic years’ worth of data (AY 2019-20 and AY 2020-21) and a qualitative analysis of
data from a survey designed to explore attitudinal factors associated with STEM
attrition. Table 1 summarizes which USAFA majors were classified as STEM and
non-STEM.
The research questions for the study were:
¢ Is there a significant difference in the demographic and academic factors for
STEM Departers and STEM Persisters in the AYs 2019-20 and 2020-21?

¢  Which data-based models can best identify cadets at risk of becoming STEM
Departers?

¢ According to cadets, what practices can USAFA implement to improve recruit-
ment into STEM or prevent attrition from STEM majors?

Maj. Lachlan Belcher graduated from the United States Air Force Academy (USAFA) in physics
and mathematics (2003) and then earned his MS in physics from the Air Force Institute of Tech-
nology (2005). He then served as the system survivability program manager for intercontinental
ballistic missiles at Hill Air Force Base, Utah. Belcher returned to the Air Force Institute of Tech-
nology (2007) to earn his PhD in physics. Afterward, Belcher was a deputy branch chief and lead
test director of the Starfire Optical Range at Kirtland Air Force Base, New Mexico (2011). In 2014,
Belcher was reassigned to the National Reconnaissance Office in Chantilly, Virginia, as part of the
Imagery Intelligence directorate and subsequently the Survivability Assurance Office. In 2018,
Belcher was selected as an assistant professor at USAFA and later as the director of the Center for
Physics Education Research. In the summer of 2021, Belcher joined the physics faculty at Brazil's
Instituto Tecnoldgico de Aerondutica as a military exchange officer.
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These research questions were selected because even though military higher
education institutions differ from traditional public/private universities in that
their curricula focus on key components of military careers such as Military and
Strategic Studies and physical training (Kennedy, 2017), the literature associates
STEM attrition with both quantifiable aspects of academic life and attitudinal fac-
tors that apply to both military and civilian institutions. By exploring answers to
these research questions, the body of research-based knowledge on STEM path-
way persistence will grow, which could result in improved interventions to address
STEM attrition.

Methodology

The quantitative portion of the study relied on data pulls from the USAFA Reg-
istrar’s Office: eight monthly pulls from AY 2019-2020 and 10 monthly pulls from
AY 2020-2021. Independent variables collected included cadet gender, race, class
rank (based on graduation year), presence of a secondary major, number of declared
minors, status as preparatory school graduate, participation in the Scholars Pro-
gram,, GPA at the end of the academic year, SAT Math (SAT-M) scores, and SAT
Reading and Writing (SAT-RW) scores.! The dependent variable was major status,
which was classified as either STEM Arrivers (those cadets who switched from a
non-STEM major to a STEM major), STEM Departers (those cadets who switched
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of core programs for the Department of Physics and Meteorology at the United States Air Force
Academy. His research interests include atmospheric effects on laser propagation, curriculum
development, and physics education research.

Journal of Military Learning—April 2022 19



Table 1

USAFA Majors Classified as STEM or non-STEM

Non-STEM Majors STEM Majors
Bachelor of Science Basic Science
Behavioral Sciences (General, Human Factors, Biochemistry
Leadership) Biology
Economics Chemistry (General, Materials)
Economics

Computer and Network Security
Foreign Area Studies (General, Geography, History,

Military & Strategic Studies, Political Science) Computer Science ((yber Warfare Option, General)

General Studies (Humanities, Social Sciences) (yber Science

o Data Science
Geospatial Science

Engineering (Aeronautical, Astronautical, Chemical,
Civil, Computer, Electrical, Environmental, General,

Humanities Mechanical, Systems, Systems Management)

Legal Studies

Military & Strategic Studies

History (American, General, International, Military)

General Studies (Basic Sciences, Engineering)
Mathematics (Applied, General)
Philosophy Meteorology

Political Science Operations Research

Social Sciences Physics

Space Operations

From “Course of Instruction 2021-2022, by United States Air Force Academy, 2021.

from a STEM major to a non-STEM major), STEM Persisters (those cadets who
kept the same STEM major), non-STEM Persisters (those cadets who kept the same
non-STEM major), cadets who changed from a STEM major to a different STEM
major (classified together with STEM Persisters), cadets who changed from a non-
STEM major to a different non-STEM major (classified together with non-STEM
Persisters), undecided cadets who declared a STEM major, and undecided cadets
who declared a non-STEM major. Because many cadets showed up in the data set for
both AYs, duplicates were removed.

The data analyses consisted of descriptive statistics for each of the variables
and inferential statistics comparing independent and dependent variables one at
a time. In addition, a binary logistic regression model was used when appropriate
(Hosmer et al., 2013; Legg et al., 2001; Osborne, 2015) to obtain the best model
of which factors were most closely associated with the dependent variable. Be-
cause of the exploratory nature of this test, minimum statistical significance was
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Figure
Percentage of Cadets and Their Interest in STEM and non-STEM Majors at Three Points
During Their Time at USAFA
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assigned a probability (p) value of less than 0.05 to balance the risks of Types I
and II errors.

The qualitative portion of the study relied on a short survey. The sample consisted
of 44 USAFA cadets who voluntarily answered the prompt: “In the near future, the
Air Force may consider possible alternatives to increase the number of cadets who
graduate with undergraduate degrees in Basic Sciences/Engineering. What three
recommendations should the Academy implement to attract undecided cadets to
declare a major in Basic Sciences/Engineering?” A survey methodology was selected
because it provides flexibility in conducting the study, uses narrative material in a
research design, and integrates tools to contextualize the views of a particular group
rather than generalize across a whole population (Check & Schutt, 2012; Creswell,
2012; Swayne & Dodds, 2011).

Utilizing Quirkos, a qualitative data visualization software, responses were ana-
lyzed using the phases of Thematic Analysis (Boyatzis, 1998; Braun & Clarke, 2006;
Creswell & Tashakkori, 2007; King, 2004; Nowell et al., 2017; Saldana, 2021). The
four phases included (a) familiarization with the data, completed through repeated
reading of the data and actively searching for meaning and patterns among emerging
noticeable traits on words and phrases collected; (b) initial code generation, to be-
gin identifying core recommendations; (c) sorting and collating relevant data and
searching for themes, which capture and unify the nature or basis of the experience
into a meaningful whole (Desantis & Ugarriza, 2000); and (d) review of themes, where
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the major themes were clarified, reorganized, consolidated, and named to immedi-
ately give the reader a sense of what the themes were about.

Results

Descriptive Statistics for the Independent Variables

The data set comprised of 5,070 cadets split between 3,627 (71.5%) male cadets
and 1,443 (28.5%) female cadets. The sample included 3,280 (64.7%) Caucasian ca-
dets and 1,634 (32.2%) cadets from underrepresented minorities. Race data were not
available for 156 (3.1%) of the cadets. A total of 973 cadets (19.2%) attended a prepa-
ratory school and 332 cadets (6.5%) were classified as Scholars.

Cadets were classified as freshmen who declared a major (614, 12.1%), sopho-
mores (1,321, 26.1%), juniors (1,088, 21.5%), seniors (1,060, 20.9%), and seniors who
graduated in May 2020 (986, 19.4%). Of the freshmen cadets, 464 cadets did not
declare a major at the time of this study. Most cadets, 3,544 (97.0%), declared a single
major, with 108 cadets (3.0%) declaring a secondary major. For academic minors,
2,827 cadets (77.4%) did not have one, 763 cadets (20.9%) declared one minor, and
62 cadets (1.7%) declared two minors.

The average GPA in the sample was 3.07, with a standard deviation of 0.57 points.
The skewness and kurtosis values did not exceed * 1.0, which means that GPA can
be approximated as a normally distributed variable. The SAT-RW scores for cadets
averaged 670 points and had a standard deviation of 62.3 points. SAT-M scores were
higher, with an average of 683 points and a standard deviation of 70.2 points. Like
GPA, the SAT skewness and kurtosis values did not exceed + 1.0.

Descriptive Statistics for the Dependent Variables

Of the cadet sample, 3,297 cadets kept the same major in both AYs, with to-
tals similarly split among STEM and non-STEM disciplines; 1,553 cadets (47.1%)
declared a STEM major, and 1,744 cadets (52.9%) declared a non-STEM major.
215 cadets changed from one major to another within the same discipline; 119
cadets (55.3%) switched within STEM majors and 96 cadets (44.7%) switched
within non-STEM majors. For the 1,420 undecided cadets who declared a major,
857 (60.4%) of them chose a STEM major, and the rest, 563 (39.6%), chose a non-
STEM major.

A total of 137 cadets were STEM Arrivers or Departers. While 121 cadets (88.3%)
switched from STEM to non-STEM, only 16 cadets (11.7%) switched in the other
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Table 2
Number of Cadets as a Function of the Categorical Variables of Interest
Variable Descriptor Major Code* and Number of Cadets Total
1 2 3 4 5 6 7 8
Gender  Male 0 8 76 6 1166 1,238 608 377 3606
Female 6 3 4 33 387 06 249 186 1483
Race Causasian 0 75 7 55 1051 1088 560 369 3,279
Minority 5 4 46 39 455 579 80 188 1634
Attended  No B 87 9% 67 1372 1310 74 409 409
Prep School 3003 B3 9 1 44 15 15 973
Scholars ~ No 12 M8 M 88 1378 1691 797 54 4737
Satus g 4 3 8 § 53 6 21 3R
(lass Rank/  Freshman 1 2 0 0 0 0 431 180 614
Year Sophomores 6 68 5 B3 23 120 43 36 132
Juniors 9 4 54 56 445 474 3 6 1,088
Seniors 0 10 9 7 M9 530 0 1,058
20206rads 0 0 4 0 46 53 0 0 96
Secondary  No 1 120 M7 92 1469 1705 827 558 4904
Major Yes 0 1 2 4 8 39 30 5 165
Numberof ~ None 93 97 60 1137 1198 761 497 387
Minors One 2 52 3% 400 497 89 56 1127
Two 0 3 0 ) 15 4 7 0 8

Note. Major codes are 1 for STEM Arrivers, 2 for STEM Departers, 3 for cadets who
changed from a STEM major to a different STEM major, 4 for cadets who changed
from a non-STEM major to a different non-STEM major, 5 for STEM Persisters, 6 for
non-STEM Persisters, 7 for undecided cadets who declared a STEM major, and 8 for
undecided cadets who declared a non-STEM major.

direction, an eight-to one ratio. The Figure compares the percentage of cadets’ choice
for STEM and non-STEM majors before starting their first semester, when a major
was declared, and as upperclassmen.

Table 2 summarizes the number of cadets within each categorical independent
variable, classified by STEM and non-STEM major switching, if any. Table 3 summa-
rizes the average GPA and SAT scores, along with their standard deviation, classified
by STEM and non-STEM major switching, if any.
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Table 3
Descriptive Statistics for the Quantitative Variables of Interest

Variable Major Code* and Number of Cadets
1 2 3 4 5 6 7 8
GPA 3.3 274 3.08 285 325 293 325 279
0.52 0.49 0.48 057 0.44 047 0.52 0.54
SAT-RW 665.6 657.2 662.8 656.7 678.6 653.9 681.0 653.8
68.3 54.1 66.2 714 582 60.0 59.1 63.6
SAT-M 683.1 668.7 693.0 648.2 702.1 652.0 704.5 650.1

68.5 63.8 776 724 624 624 63.7 66.9

Note. Major codes are 1 for STEM Arrivers, 2 for STEM Departers, 3 for cadets who
changed from a STEM major to a different STEM major, 4 for cadets who changed
from a non-STEM major to a different non-STEM major, 5 for STEM Persisters, 6 for
non-STEM Persisters, 7 for undecided cadets who declared a STEM major, and 8 for
undecided cadets who declared a non-STEM major.

Inferential Analysis of STEM Departers and Persisters

Categorical Data. The sample size consisted of 1,672 STEM Persisters and 121
STEM Departers. Due to the categorical nature of the data, a Chi-square analysis
was conducted (using raw data, not percentages) and reported in Table 4. Subcate-
gories with five or fewer individuals were noted so that any significant relationships
are interpreted carefully.

It was found that gender, race, and whether a cadet has a minor were not statisti-
cally associated with STEM attrition. Cadets who graduated from a prep school were
significantly more likely to become STEM Departers. Cadets classified as Scholars
were significantly less likely to become STEM Departers. Having a secondary major
seems to be associated with persisting as a STEM major; however, there were not
enough cadets for a definitive test.

Quantitative Data. Due to the level of measurement of GPA and SAT scores,
t-test statistics comparing their averages were calculated and reported in Table 5.
Levene tests showed statistically similar variances, so the reported t-statistics as-
sume homoscedasticity. The statistical analysis demonstrated that STEM Departers
were more likely to have lower GPA and SAT scores compared with STEM Per-
sisters. A Pearson correlation test showed significant correlations between GPA and
SAT-RW (r = 0.438, p < 0.001), GPA and SAT-M (r = 0.500, p < 0.001), and SAT-M
and SAT-RW (r=0.612, p < 0.001).
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Table 4
Statistical Comparison of Categorical Variables for STEM Persisters and Departers
Variable Descriptor STEM STEM Total X df p
Departers  Persisters
Gender Male 88 1,242 1,330 0.142 1 0.706
6.6% 93.4%
Female 33 430 463
7.1% 92.9%
Race (ausasian 75 1122 1,197 1.285 1 0.257
6.3% 93.7%
Minority 42 501 543
7.7% 92.3%
Attended  No 87 1,468 1,555 24774 1 < 0.001
Prep School 5.6% 94.4%
Yes 34 204 238
14.3% 85.7%
Scholars No 118 1,489 1,607 8.697 1 0.003
Status 7.3% 92.7%
Yes 3 183 186
1.6% 98.4%
Secondary  No 120 1,586 1,706 4555 1 0.033
Major 7.0% 93.0%
Yes 1 86 87
1.1% 98.9%
Number of ~ None 93 1,234 1,327 0.547 1 0.459
Minors 7.0% 93.0%
One or two 28 438 466
6.0% 94.0%

Binary Logistic Regression (BLR) Model. The model included attendance to
prep school, Scholars status, GPA, and SAT-M scores. The reason why SAT-RW
was not included in the model is because BLR is susceptible to multicollinearity
(Evans, 1996). The best BLR model, which explained 17.1% of the variance in the
data (per the Nagelkerke pseudo R? coefficient), revealed that the only predictor of
cadets becoming STEM Departers was GPA, which is consistent with a previous
significant t-test.

The other variables were loaded into the BLR model in the order shown in Table
6; however, these additional variables did not significantly increase the explained
variance.
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Table 5
Statistical Comparison of Quantitative Variables for STEM Persisters and Departers

Variable Average + Standard Deviation t df p
Sample Size
STEM Departers ~ STEM Persisters
GPA 2744049 3234045 -11.58 1,790 < 0.001
121 1,671
SAT-RW 657.2 + 541 677.5+589 -3.67 1,777 < 0.001
121 1,658
SAT-M 668.7 £63.8 701.5+63.6 -5.46 1,777 < 0.001
121 1,658
Table 6
BLR Results for STEM Departers and Persisters
Best Model Wald e p Nagelkerke Pseudo R?
GPA 104.9 9.87 <0.001 0.171
Prep School 0.512 - 0.474
Scholars Status 0.044 - 0.833
SAT-M 0.528 - 0.467

STEM Arrivers. The sample consisted of 1,840 non-STEM Persisters (who ei-
ther remained in their original non-STEM major or switched between non-STEM
majors) and 16 STEM Arrivers. The only categorical variables that appeared to be
associated with cadets leaving non-STEM majors for STEM majors was Scholars
status. For quantitative data, #-test statistics demonstrated that STEM Arrivers are
more likely to have higher GPA (¢ = 2.54, df = 1,854, p = 0.011) and SAT-RW scores
(£=2.32,df =15.22, p = 0.034) compared with non-STEM Persisters. However, the
small sample size of STEM Arrivers limited the conclusiveness of these findings.

Inferential Analyses of Undecided Cadets Who Declared a Major Categori-
cal Data. The sample size consisted of 857 (60.4%) undecided cadets who declared
a STEM major and 563 (39.6%) undecided cadets who declared a non-STEM major.
Using raw data (not percentages), Chi-square analyses were calculated and reported
in Table 7. None of the analyses included five or fewer individuals.

Cadets who were in the Scholars Program and who declared a secondary major
were statistically more likely to declare a STEM major. Cadets who attended a prepa-
ratory school were statistically more likely to declare a non-STEM major.
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Table 7
Statistical Comparison of Categorical Variables for Undecided Cadets Selecting a Major
Variable Descriptor Declared Declared non-  Total X df p
STEM Majors  STEM Majors
Gender Male 608 377 985 2536 1 0.111
61.7% 383%
Female 249 186 435
57.2% 42.8%
Race (ausasian 560 369 929 0.026 1 0.871
60.3% 39.7%
Minority 280 188 468
59.8% 40.2%
Attended No 742 409 1,151 42.967 1 <0.001
Prep School 64.5% 35.5%
Yes 115 154 269
427% 57.2%
Scholars No 797 409 1,339 6.759 1 0.009
Status 59.5% 35.5%
Yes 60 21 81
74.1% 25.9%
Secondary  No 827 558 1,385 9.646 1 0.002
Major 59.7% 40.3%
Yes 30 5 35
85.7% 14.3%
Number of ~ None 761 497 1,258 2.687 2 0.261
Minors 60.5% 39.5%
One or two 89 56 145
61.4% 38.6%

Quantitative Data. 7-test statistics comparing the average GPA and SAT scores
of undecided cadets who declared STEM and non-STEM majors were calculated and
reported in Table 8. Undecided cadets who declared a STEM major had significantly
higher GPA and SAT scores, as shown in Table 9.

BLR Model. This model included prep school attendance, Scholars status, sec-
ondary major, GPA, and SAT-M scores. Given that SAT-RW and SAT-M scores are
highly correlated (r = 0.612, p < 0.001), only SAT-M was used to avoid multicol-
linearity. The best BLR model, which explained 25.0% of the variance in the data,
revealed that the strongest predictor of cadets declaring a STEM major was GPA,
followed by SAT-M scores, and Scholars status.
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Table 8
Statistical Comparison of Quantitative Variables for Undecided Cadets Selecting a Major

Variable Average + Standard Deviation t df p
Sample Size
Declared STEM  Declared non-
Majors STEM Majors
GPA 3.25+052 2794054 15.70 1,418 <0.001
857 563
SAT-RW 681.0 £ 59.1 653.8+63.6 8.24 1,418 <0.001
857 563
SAT-M 704.5+£63.7 650.1£66.9 15.44 1418 < 0.001
857 563
Table 9
BLR Results for Undecided Cadets who Declared a Major
Best Model Wald e p Nagelkerke Pseudo R*
GPA 71.62 0326 <0.001 0.196
SAT-M 61329 0.992 <0.001 0.247
Scholars Status 5.024 1.893 0.025 0.250
Prep School - - 0.749
Secondary Major - - 0.087

Inferential Analyses of GPA and SAT Scores by Major

Since SAT scores and cadet interest in STEM disciplines are known to USAFA
before cadets start their first semester, statistically comparing these scores by major
status while keeping track of GPA could provide an early predictor of potential STEM
Departers. A Levene statistic revealed that the between-group variances by major sta-
tus were not similar, likely caused by the wide variation in sample size between groups,
so a Kruskal-Wallis (nonparametric) comparison was more appropriate.

The Kruskal-Wallis tests showed that the GPA of STEM Departers is the lowest
of the group, a GPA like that of non-STEM cadets, those who were undecided, and
those who switched within non-STEM majors. In contrast, the SAT scores of STEM
Departers are located near the midpoint of the distribution. Most SAT-RW scores
are statistically similar, except for the significantly higher scores of STEM Persist-
ers and undecided cadets who declared STEM majors. For SAT-M scores, only the
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Table 10
Theme and Code Summary for Qualitative Cadet Responses
Themes Description Total Codes
Occupation and Refers to occupational value expectancy and future job opportunities once USAF/ 19
Job Markets USSF commitments are fulfilled. Also contains coded information regarding
internships and civilian opportunities and job markets.
Coursework Perceived notions of challenging or difficult course content that requires effort or 16
Difficulty scaffolding not accounted for before beginning the course.
Coursework Refers to the content amount and pacing required to complete the course. 15
Quantity
Instructors Refers to recommendations regarding instructor dynamics, perceptions of teaching 1
styles, instructor support during leamning, and perceived depth of knowledge.
Other STEM Informal learning opportunities include field trips, museums, quest speakers, and 3
Informal Learning  other activities where knowledge transfer occurs outside USAFA.
Opportunities
Quality of Life Narrative referring to perceived levels of stress or limited time to balance aca- 2
demics with non-academic, including the required USAFA physical and military
leadership training.
Textbook Fees High cost of textbooks required for STEM courses. 1
Diversity and Recommendation regarding broad communications of activities within USAFA 1
Inclusion where women and minorities are represented.
Total number of codes 68

scores of STEM Arrivers are statistically like that of STEM Departers. These results
suggest that the mathematical and oral/written communication proficiency of STEM
Departers before starting their freshmen year are adequate for cadets to thrive, at
least in some STEM majors.

Qualitative Analysis of Survey Responses

Four major themes were identified from the qualitative responses shared by 44
cadets: (a) occupation and, job market, how cadets perceived their future profession-
al opportunities and how the general job prospects outside USAFA linked with the
current majors offered; (b) coursework difficulty, recommendations and comments
that pertained to the sense of efficacy and difficulty of the STEM major courses; (c)
coursework quantity, recommendations about reducing the number of topics, tasks,
and activities that need to be completed in each course; and (d) instructors, com-
ments and recommendations to USAFA regarding faculty interaction and quality.
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Table 10 listed the top 10 themes that emerged from the data and how many cadets
provided them. A single cadet’s response could code under multiple themes.
Occupation and Job Market. Nineteen of the surveyed cadets indicated that oc-
cupation and job market considerations, if discussed broadly during the undeclared
period at the academy, could attract undecided cadets to declare a major in basic sci-
ences and engineering. These statements reflect limitations either on access to such
information or a lack of active search for the information on behalf of the cadets.
Regarding declaring and retaining STEM majors at the academy, a cadet comment-
ed: “Show how they are applicable outside USAFA;” while another stated that it was
important to “tell people the job outcomes of those majors.” Other recommendations
pointed to a keen interest among cadets to have full disclosures on the necessary
work, time, and effort required for STEM courses, arguing that “before [cadets] come
[to USAFA], that’s the time to tell them that it’s a STEM school” This notion aligns
with the manifested need for information on what majors “do” outside USAFA and
what the occupational outlooks are for each major. This same recommendation is
repeated under the coursework quantity theme, as they align in intention and scope.
Coursework Difficulty. Sixteen cadets reported on the perceived high level of
difficulty throughout STEM major coursework. One participant expressed it in direct
terms by requesting an “easier workload for engineering classes” and to make “engi-
neering more approachable for those without experience” These statements denote
cadets without previous engineering experience find the coursework at the academy
challenging. This is an indication of gaps in knowledge or skills or that cadets lack the
necessary scaffolding for engineering coursework before entering USAFA. Another
interpretation for cadet comments on coursework difficulty might be related to what
Bar et al. (2009) reported on the scholarly traits of students who move to courses
with less “difficulty” at traditional universities; they explain that students gravitate
toward leniently graded courses to maintain stronger GPAs. This trend may be fur-
ther incentivized at USAFA, since GPA is heavily weighted in selection of cadets’
future occupational careers (i.e., cadets with higher GPAs are more likely to get their
career fields of choice, especially if they are interested in becoming pilots).
Coursework Quantity. Fifteen cadets manifested feeling “[burnt] out,” “exhaust-
ed,” and had a “decrease in quality of life” For instance, two cadets suggested “de-
crease the workload on students who choose STEM majors” and for instructors to
“go at a slower pace covering course content”” It is here the concept of course quantity
links with the idea of a large amount of content versus the pace at which the course
is covered. Identification of such notions is significant as burnout fully mediates the
relationship between effort-reward imbalance and withdrawal intentions for both
first year and subsequent-year students (Williams et al., 2018).
Instructors. Eleven cadets reported low satisfaction with their interactions with
course instructors, stating that “STEM major teachers need to act like they care more
about cadets” and that USAFA should “allow better teachers to teach core classes instead
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of the worst ones in the department” Cadet recommendations included revising the hir-
ing requirements for faculty, “[getting] better teachers in STEM courses,’
facilitators to become more engaged with students in the courses, and improving the
quality of instructors, in terms of content delivery and providing student support.

encouraging

Discussion

The quantitative data indicated that STEM Departers were more likely to have rela-
tively low GPA and SAT-M scores, more likely to come from a preparatory school, and
less likely to be in the Scholars Program, compared with STEM Persisters. Undecided
cadets who later declared a STEM major were more likely to be in the Scholars program,
to declare a secondary major, and to have higher GPA and SAT scores while less likely
to have attended a preparatory school. When comparing the distribution of SAT scores,
STEM Departers seemed to be at a critical midpoint in the score distribution and may
go either way in terms of career selection depending on their freshmen coursework. The
GPA data suggested that, as underclassmen, cadets probably struggled with the high
school to college transition, attitudinal factors like motivation and self-efficacy (Aulck et
al,, 2017; Chen, 2013; Cohen & Kelly, 2020; Park et al., 2019). Cadets also struggled with
introductory science classes such as physics and chemistry. Along with calculus, these
courses were previously identified as gateway classes at USAFA (Dwyer et al.,, 2020). As
their GPAs decreased, many undecided cadets who were interested in STEM declared
non-STEM majors, while others who had declared STEM majors quickly switched out
of them as they encountered academic difficulties.

The fact that the demographics and academics BLR model could explain no more
than 20-25% of the data variance implies that nonacademic and attitudinal factors
impact STEM attrition. Cadet recommendations for additional information about
employment options for different majors may indicate a low awareness of occupa-
tional value expectancy (Appianing & Van Eck, 2018) regarding careers within and
outside military ecosystems. The limitations of the BLR model could also be due to
low levels of academic self-regulation (Park et al., 2019).

Within the teaching community, the term “course difficulty” is generally accepted to
communicate the learning content complexity of a course. This complexity is often at-
tributed to the levels of necessary scaffolding to support students as they learn ever more
complex topics, helping them achieve the expected learning outcomes, and employing
the appropriate pedagogies to teach the course (Andres, 2017). Since GPA comprises
nearly two-thirds of the model used to determine which Air Force jobs cadets will have
upon graduation (e.g., entrance selection for pilot training programs), some cadets may
depart STEM majors simply to choose an easier major and improve their grades. Ad-
ditionally, cadets might likely be reacting to factors like teaching style, strategies, and
tactics, as well as each course’s learning content complexity (Bailey et al., 2016).
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Recommendations

Based on the mixed-methods analyses, several suggestions for improvement can
be put forth. One recommendation to identify opportunities to prevent STEM de-
partures and incentivize STEM arrivals is the development of a data-driven algo-
rithm that uses monthly data pulls from the registrar’s office to monitor freshmen
cadets and immediately identify those at risk of becoming STEM Departers and
those who could be recruited into STEM majors. Cadets who identify themselves
as STEM-interested in the basic sciences survey offered before first semester classes
start and who have SAT scores above a certain threshold can go into a database. As
the first semester progresses, any cadet on the list whose GPA drops below a certain
threshold could be flagged for an interview with a STEM academic success specialist.
The goal of this specialist would be to accurately isolate the root causes of the cadet’s
academic struggles and help him or her address these causes. A potential obstacle for
implementing this recommendation might be resourcing of the academy-wide office
or academic departments to lead and manage this effort.

Prep school attendance consistently arose as a factor associated with STEM at-
trition. It is recommended that USAFA critically examine the preparatory school’s
science, mathematics, and engineering curriculum and enhance it as needed. A good
starting point may be to consider implementing authentic science experiences, mod-
el development, and data-driven modeling, praised by many in the field for their
connection with best practices in STEM education (Hallstrom & Schénborn, 2019).

Cadets’ academic performance in STEM courses could improve if USAFA hires or
provides faculty with pedagogical preparation to instruct introductory STEM courses.
The literature documents that introductory courses should be taught by experienced
instructors who are better equipped to avoid the teaching methodology pitfalls that
many less experienced instructors have (Burroughs et al., 2019; Podolsky et al., 2019).
Miilitary faculty typically teach for three to four years, so they may not have enough
time to develop experience and pedagogical content knowledge.

Possible options may be to hire experienced civilian faculty members with a back-
ground in STEM pedagogies for introductory STEM courses or to provide addition-
al institutional support to military faculty through quality professional development.
One option could be sending military faculty to complete a one-year graduate certifi-
cate or master’s degree in STEM Curriculum and Instruction through a collaboration
with the University of Colorado at Colorado Springs. This university already provides a
master’s degree in Counseling and Leadership for the Air Officer Commanding Lead-
ership Development Program at USAFA. Another option could be arranging pedagog-
ical training through military organizations like the Center for Educational Innova-
tion (Air Force) and the Faculty Development and Recognition Program (Army). They
can provide STEM-specific faculty development opportunities, build STEM-centered
communities of practice (Gehrke & Kezar, 2019; Ma et al., 2019; Stark & Smith, 2016),
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and assist in building a pipeline that can return high-performing instructors to training
and education assignments more than once in a career.

A final recommendation, which would increase cadet knowledge about both STEM
and non-STEM coursework difficulty, quantity, and time and effort commitments, is
to create additional recruitment information sessions. In these carefully planned ses-
sions, new cadets meet with senior cadets to discuss experiences and challenges, with
a focus on the opportunities open to them because of their chosen major.

Conclusion

The U.S. Department of Defense considers a well-qualified STEM workforce as es-
sential for a robust military, and USAFA is uniquely positioned to increase the quality
of graduates in STEM careers. The purpose of this study was to use a mixed-meth-
ods approach to examine academic, demographic, and attitudinal factors associated
with USAFA cadets becoming STEM Departers. The first research question asked to
what extent there was a significant difference in the demographic and academic factors
for STEM Departers and STEM Persisters. It was found that cadets who attended
prep school, who were not classified as Scholars, who had low GPAs, and who had low
SAT-M or low SAT-RW scores were more likely to switch out of STEM majors.

The second research question asked which data-based models could best identify
cadets at risk of becoming STEM Departers. From the binary logistic regression
model of STEM Departers, GPA emerged as the strongest factor associated with
cadets leaving or arriving at STEM majors.

The third research question asked cadets to identify practices USAFA can implement
to prevent attrition from STEM majors. Thematic analysis provided valuable insight into
cadet attitudinal perceptions, uncovering recommendations within four main areas: oc-
cupation and job market, coursework difficulty, coursework quantity, and instructors.
The identification of these four themes was consistent with the literature regarding
STEM attrition and retention and could lead USAFA to consider attitudinal factors to
fine-tune predictive or early warning systems for retaining STEM-interested cadets.

In terms of future research, classifying majors dichotomously into broad catego-
ries of STEM and non-STEM may not be capturing the nuances of each major and
their role in STEM attrition. A possible alternative could be to examine attrition for
individual STEM majors to account for their academic rigor and quantitative load. A
likely hypothesis is that attrition is more prevalent in quantitative STEM majors (e.g.,
chemistry, engineering, mathematics, and physics), compared to majors in the life sci-
ences. Future studies could also examine the role of course design in STEM classes,
particularly those at the introductory level. Instructors with good instructional skills
may not be able to maximize their cadets’ academic performance if the course’s design
is inconsistent with the latest research-based practices in STEM teaching and learning.
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According to the National Academies of Sciences, Engineering, and Medicine (2015),
the Air Force requires the products of basic STEM research, which are critical to future
success, and the Air Force’s capabilities in these disciplines must expand at an acceler-
ating rate to keep pace with increased mission complexities and the access of relevant
technologies to potential adversaries. It is critical to recognize the problem of STEM
attrition at military higher education institutions, and as a national security imperative,
the Air Force should invest resources to prioritize its reduction among cadets. «3
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	(b) critically reviewing and strengthening the STEM curricula at preparatory schools; (c) providing additional information and peer-led focus groups on the academic expectations of STEM and non-STEM majors; (d) recruiting STEM instructors with pedagogical content knowledge to teach introductory STEM courses; and (e) enhancing the curricula of introductory STEM courses at USAFA with teaching methods supported by research, including project-based and authentic learning, and data-driven modeling. 
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	raduates from science, technology, engineering, and mathematics (STEM) majors are essential for many professions and for a robust economy (Fayer et al., 2017; Piatkowski, 2020). STEM graduates and a vigorous science and technology workforce have also been identified by the U.S. Department of Defense (National Research Council, 2012a, 2012b, 2014) as essential for a strong military and for an evolving U.S. national security environment that demands greater scope and depth from science and technology. Specifi
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	The number of college graduates in the United States exceeded 61 million in 2017 and nearly half of employed college graduates earn their highest degree in a science and engineering field (Foley et al., 2020). There is a robust debate among STEM education and policy researchers about the extent to which the output of STEM professionals is adequate for meeting workforce needs or not. Researchers like Camilli and Hira (2019), Carnevale et al. (2014), Hira and Hira (2008), and Piatkowski (2020) have argued tha
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	STEM attrition is defined as enrollment choices that result in students interested in STEM leaving their academic programs by switching majors to non-STEM fields or dropping out of college (Green & Sanderson, 2017; Jelks & Crain, 2020; Shedlosky-Shoemaker & Fautch 2015; Xu, 2018). In the United States, STEM attrition has been reported to be as high as 30-50% (Chen, 2013; National Science Board, 2018). 
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	On the road to becoming STEM professionals, high school graduates struggle at two main points in time: during the transition from high school to college (DeVilbiss, 2014) and when students are completing their science coursework. Students struggle with following the fast pace of science coursework (Seymour & Hunter, 2019), exposure to science lectures that are broadly critiqued for transmitting information without promoting understanding (Petrovic & Pale, 2015; Singh & Phoon, 2021; Wolff et al., 2015; Zhao 
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	Students leave collegiate STEM programs for reasons other than grades (Chen, 2013). The literature also considers the importance of attitudinal factors associated with STEM attrition, like motivation and beliefs about their future professional occupations (Cabell, 2021; Morgan et al., 2013), student self-regulation habits (Park et al., 2019), career value-expectancy (Appianing & Van Eck, 2018), and STEM self-efficacy (Cohen & Kelly, 2020). 
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	In the case of the United States Air Force Academy (USAFA), Dwyer et al. (2020) reports factors associated with cadets completing their bachelor’s degree in STEM compared with data from a survey of cadets’ interest in STEM majors four years prior. The survey, offered by the Basic Sciences Division, was completed by cadets the summer before their freshman year. According to the survey, 56.5% of cadets were STEM-interested and 30.0% were non-STEM-interested (the rest were undecided). Four years later, 36.4% o
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	Purpose and Research Questions 
	Purpose and Research Questions 
	The researchers were interested in improving the graduation rates of STEM majors at USAFA by analyzing the factors associated with cadets becoming STEM Departers or STEM and non-STEM Persisters. The researchers used two academic years’ worth of data (AY 2019-20 and AY 2020-21) and a qualitative analysis of data from a survey designed to explore attitudinal factors associated with STEM attrition. Table 1 summarizes which USAFA majors were classified as STEM and non-STEM. 
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	The research questions for the study were: 
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	• 
	• 
	Is there a significant difference in the demographic and academic factors for STEM Departers and STEM Persisters in the AYs 2019-20 and 2020-21? 

	• 
	• 
	Which data-based models can best identify cadets at risk of becoming STEM Departers? 

	• 
	• 
	According to cadets, what practices can USAFA implement to improve recruitment into STEM or prevent attrition from STEM majors? 
	-
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	These research questions were selected because even though military higher education institutions differ from traditional public/private universities in that their curricula focus on key components of military careers such as Military and Strategic Studies and physical training (Kennedy, 2017), the literature associates STEM attrition with both quantifiable aspects of academic life and attitudinal factors that apply to both military and civilian institutions. By exploring answers to these research questions
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	Methodology 
	Methodology 
	The quantitative portion of the study relied on data pulls from the USAFA Registrar’s Office: eight monthly pulls from AY 2019-2020 and 10 monthly pulls from AY 2020-2021. Independent variables collected included cadet gender, race, class rank (based on graduation year), presence of a secondary major, number of declared minors, status as preparatory school graduate, participation in the Scholars Program, GPA at the end of the academic year, SAT Math (SAT-M) scores, and SAT Reading and Writing (SAT-RW) score
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	Table 1 
	USAFA Majors Classified as STEM or non-STEM 
	Non-STEM Majors STEM Majors 
	Bachelor of Science Behavioral Sciences (General, Human Factors,  
	     Leadership) Economics Economics Foreign Area Studies (General, Geography, History,  
	     Military & Strategic Studies, Political Science) General Studies (Humanities, Social Sciences) Geospatial Science History (American, General, International, Military) Humanities Legal Studies Military & Strategic Studies Philosophy Political Science Social Sciences 
	Basic Science Biochemistry Biology 
	Chemistry (General, Materials) Computer and Network Security Computer Science (Cyber Warfare Option, General) Cyber Science Data Science Engineering (Aeronautical, Astronautical, Chemical,  
	     Civil, Computer, Electrical, Environmental, General,       Mechanical, Systems, Systems Management) General Studies (Basic Sciences, Engineering) Mathematics (Applied, General) Meteorology Operations Research Physics Space Operations 
	From “Course of Instruction 2021–2022,” by United States Air Force Academy, 2021. 
	from a STEM major to a non-STEM major), STEM Persisters (those cadets who kept the same STEM major), non-STEM Persisters (those cadets who kept the same non-STEM major), cadets who changed from a STEM major to a different STEM major (classified together with STEM Persisters), cadets who changed from a non-STEM major to a different non-STEM major (classified together with non-STEM Persisters), undecided cadets who declared a STEM major, and undecided cadets who declared a non-STEM major. Because many cadets 
	The data analyses consisted of descriptive statistics for each of the variables and inferential statistics comparing independent and dependent variables one at a time. In addition, a binary logistic regression model was used when appropriate (Hosmer et al., 2013; Legg et al., 2001; Osborne, 2015) to obtain the best model of which factors were most closely associated with the dependent variable. Because of the exploratory nature of this test, minimum statistical significance was 
	-

	35 40 45 50 55 60 65 Percentages non-STEM
	Figure 
	Percentage of Cadets and Their Interest in STEM and non-STEM Majors at Three Points During Their Time at USAFA 
	70 
	STEM 
	
	


	30 Pre-College Interest First Major Declared Major Persisters 
	assigned a probability (p) value of less than 0.05 to balance the risks of Types I and II errors. 
	The qualitative portion of the study relied on a short survey. The sample consisted of 44 USAFA cadets who voluntarily answered the prompt: “In the near future, the Air Force may consider possible alternatives to increase the number of cadets who graduate with undergraduate degrees in Basic Sciences/Engineering. What three recommendations should the Academy implement to attract undecided cadets to declare a major in Basic Sciences/Engineering?” A survey methodology was selected because it provides flexibili
	Utilizing Quirkos, a qualitative data visualization software, responses were analyzed using the phases of Thematic Analysis (Boyatzis, 1998; Braun & Clarke, 2006; Creswell & Tashakkori, 2007; King, 2004; Nowell et al., 2017; Saldaña, 2021). The four phases included (a) familiarization with the data, completed through repeated reading of the data and actively searching for meaning and patterns among emerging noticeable traits on words and phrases collected; (b) initial code generation, to begin identifying c
	Utilizing Quirkos, a qualitative data visualization software, responses were analyzed using the phases of Thematic Analysis (Boyatzis, 1998; Braun & Clarke, 2006; Creswell & Tashakkori, 2007; King, 2004; Nowell et al., 2017; Saldaña, 2021). The four phases included (a) familiarization with the data, completed through repeated reading of the data and actively searching for meaning and patterns among emerging noticeable traits on words and phrases collected; (b) initial code generation, to begin identifying c
	-
	-

	the major themes were clarified, reorganized, consolidated, and named to immediately give the reader a sense of what the themes were about. 
	-


	Results 
	Descriptive Statistics for the Independent Variables 
	Descriptive Statistics for the Independent Variables 
	The data set comprised of 5,070 cadets split between 3,627 (71.5%) male cadets and 1,443 (28.5%) female cadets. The sample included 3,280 (64.7%) Caucasian cadets and 1,634 (32.2%) cadets from underrepresented minorities. Race data were not available for 156 (3.1%) of the cadets. A total of 973 cadets (19.2%) attended a preparatory school and 332 cadets (6.5%) were classified as Scholars. 
	-
	-

	Cadets were classified as freshmen who declared a major (614, 12.1%), sophomores (1,321, 26.1%), juniors (1,088, 21.5%), seniors (1,060, 20.9%), and seniors who graduated in May 2020 (986, 19.4%). Of the freshmen cadets, 464 cadets did not declare a major at the time of this study. Most cadets, 3,544 (97.0%), declared a single major, with 108 cadets (3.0%) declaring a secondary major. For academic minors, 2,827 cadets (77.4%) did not have one, 763 cadets (20.9%) declared one minor, and 62 cadets (1.7%) decl
	-

	The average GPA in the sample was 3.07, with a standard deviation of 0.57 points. The skewness and kurtosis values did not exceed ± 1.0, which means that GPA can be approximated as a normally distributed variable. The SAT-RW scores for cadets averaged 670 points and had a standard deviation of 62.3 points. SAT-M scores were higher, with an average of 683 points and a standard deviation of 70.2 points. Like GPA, the SAT skewness and kurtosis values did not exceed ± 1.0. 

	Descriptive Statistics for the Dependent Variables 
	Descriptive Statistics for the Dependent Variables 
	Of the cadet sample, 3,297 cadets kept the same major in both AYs, with totals similarly split among STEM and non-STEM disciplines; 1,553 cadets (47.1%) declared a STEM major, and 1,744 cadets (52.9%) declared a non-STEM major. 215 cadets changed from one major to another within the same discipline; 119 cadets (55.3%) switched within STEM majors and 96 cadets (44.7%) switched within non-STEM majors. For the 1,420 undecided cadets who declared a major, 857 (60.4%) of them chose a STEM major, and the rest, 56
	-

	A total of 137 cadets were STEM Arrivers or Departers. While 121 cadets (88.3%) switched from STEM to non-STEM, only 16 cadets (11.7%) switched in the other 
	Table 2 
	Number of Cadets as a Function of the Categorical Variables of Interest 
	Variable Descriptor Major Code* and Number of Cadets Total 
	12345678 
	Gender Male 10 88 76 63 1,166 1,238 608 377 3,626 Female 6 33 43 33 387 506 249 186 1,443 
	Race Causasian 10 75 71 55 1,051 1,088 560 369 3,279 Minority 5 42 46 39 455 579 280 188 1,634 
	Attended No 13 87 96 67 1,372 1,310 742 409 4,096 Prep School 
	Yes 3 34 23 29 181 434 115 154 973 
	Scholars No 12 118 111 88 1,378 1,691 797 542 4,737 
	Status 
	Yes 4 3 8 8175536021332 
	Class Rank/ 
	Class Rank/ 
	Class Rank/ 
	Freshman 
	1 
	2 
	0 
	0 
	0 
	0 
	431 
	180 
	614 

	Year 
	Year 
	Sophomores 
	6 
	68 
	52 
	23 
	253 
	120 
	423 
	376 
	1,321 

	TR
	Juniors 
	9 
	41 
	54 
	56 
	445 
	474 
	3 
	6 
	1,088 

	TR
	Seniors 
	0 
	10 
	9 
	17 
	449 
	573 
	0 
	0 
	1,058 

	TR
	2020 Grads 
	0 
	0 
	4 
	0 
	406 
	573 
	0 
	0 
	986 


	Secondary No 16 120 117 92 1,469 1,705 827 558 4,904 Major 
	Yes 0 1 2 4 843930 5165 
	Number of 
	Number of 
	Number of 
	None 
	14 
	93 
	97 
	60 
	1,137 
	1,198 
	761 
	497 
	3,857 

	Minors 
	Minors 
	One 
	2 
	25 
	22 
	34 
	401 
	497 
	89 
	56 
	1,127 

	TR
	Two 
	0 
	3 
	0 
	2 
	15 
	49 
	7 
	10 
	86 


	Note. Major codes are 1 for STEM Arrivers, 2 for STEM Departers, 3 for cadets who changed from a STEM major to a different STEM major, 4 for cadets who changed from a non-STEM major to a different non-STEM major, 5 for STEM Persisters, 6 for non-STEM Persisters, 7 for undecided cadets who declared a STEM major, and 8 for undecided cadets who declared a non-STEM major. 
	direction, an eight-to one ratio. The Figure compares the percentage of cadets’ choice for STEM and non-STEM majors before starting their first semester, when a major was declared, and as upperclassmen. 
	Table 2 summarizes the number of cadets within each categorical independent variable, classified by STEM and non-STEM major switching, if any. Table 3 summarizes the average GPA and SAT scores, along with their standard deviation, classified by STEM and non-STEM major switching, if any. 
	-

	Table 3 
	Descriptive Statistics for the Quantitative Variables of Interest 
	Variable Major Code* and Number of Cadets 
	12345678 
	GPA 3.23 2.74 3.08 2.85 3.25 2.93 3.25 
	2.79 
	0.52 0.49 0.48 0.51 0.44 0.47 0.52 0.54 
	SAT-RW 665.6 657.2 662.8 656.7 678.6 653.9 681.0 653.8 
	68.3 54.1 66.2 71.4 58.2 60.0 59.1 63.6 
	SAT-M 683.1 668.7 693.0 648.2 702.1 652.0 704.5 650.1 
	68.5 63.8 77.6 72.4 62.4 62.4 63.7 66.9 
	Note. Major codes are 1 for STEM Arrivers, 2 for STEM Departers, 3 for cadets who changed from a STEM major to a different STEM major, 4 for cadets who changed from a non-STEM major to a different non-STEM major, 5 for STEM Persisters, 6 for non-STEM Persisters, 7 for undecided cadets who declared a STEM major, and 8 for undecided cadets who declared a non-STEM major. 

	Inferential Analysis of STEM Departers and Persisters 
	Inferential Analysis of STEM Departers and Persisters 
	Categorical Data. The sample size consisted of 1,672 STEM Persisters and 121 STEM Departers. Due to the categorical nature of the data, a Chi-square analysis was conducted (using raw data, not percentages) and reported in Table 4. Subcategories with five or fewer individuals were noted so that any significant relationships are interpreted carefully. 
	-

	It was found that gender, race, and whether a cadet has a minor were not statistically associated with STEM attrition. Cadets who graduated from a prep school were significantly more likely to become STEM Departers. Cadets classified as Scholars were significantly less likely to become STEM Departers. Having a secondary major seems to be associated with persisting as a STEM major; however, there were not enough cadets for a definitive test. 
	-

	Quantitative Data. Due to the level of measurement of GPA and SAT scores, t-test statistics comparing their averages were calculated and reported in Table 5. Levene tests showed statistically similar variances, so the reported t-statistics assume homoscedasticity. The statistical analysis demonstrated that STEM Departers were more likely to have lower GPA and SAT scores compared with STEM Per-sisters. A Pearson correlation test showed significant correlations between GPA and SAT-RW (r = 0.438, p < 0.001), G
	-

	Table 4 
	Statistical Comparison of Categorical Variables for STEM Persisters and Departers 
	Variable Descriptor STEM STEM Total Xdf p Departers Persisters 
	2

	Gender Male 88 1,242 1,330 0.142 1 
	0.706 
	6.6% 93.4% 
	Female 33 430 463 7.1% 92.9% 
	Race Causasian 75 1,122 1,197 1.285 1 0.257 6.3% 93.7% 
	Minority 42 501 543 7.7% 92.3% 
	Attended No 87 1,468 1,555 24.774 1 < 0.001 Prep School 5.6% 94.4% 
	Yes 34 204 238 14.3% 85.7% 
	Scholars No 118 1,489 1,607 8.697 1 0.003 Status 7.3% 92.7% 
	Yes 3 183 186 1.6% 98.4% 
	Secondary No 120 1,586 1,706 4.555 1 0.033 Major 7.0% 93.0% 
	Yes 1 8687 1.1% 98.9% 
	Number of None 93 1,234 1,327 0.547 1 0.459 Minors 7.0% 93.0% 
	One or two 28 438 466 6.0% 94.0% 
	Binary Logistic Regression (BLR) Model. The model included attendance to prep school, Scholars status, GPA, and SAT-M scores. The reason why SAT-RW was not included in the model is because BLR is susceptible to multicollinearity (Evans, 1996). The best BLR model, which explained 17.1% of the variance in the data (per the Nagelkerke pseudo R coefficient), revealed that the only predictor of cadets becoming STEM Departers was GPA, which is consistent with a previous significant t-test. 
	2

	The other variables were loaded into the BLR model in the order shown in Table 6; however, these additional variables did not significantly increase the explained variance. 
	Table 5 
	Statistical Comparison of Quantitative Variables for STEM Persisters and Departers 
	Variable Average ± Standard Deviation t dfp Sample Size 
	STEM Departers STEM Persisters 
	GPA 2.74 ± 0.49 3.23 ± 0.45 -11.58 1,790 < 0.001 121 1,671 
	SAT-RW 657.2 ± 54.1 677.5 ± 58.9 -3.67 1,777 < 0.001 121 1,658 
	SAT-M 668.7 ± 63.8 701.5 ± 63.6 -5.46 1,777 < 0.001 121 1,658 
	Table 6 
	Table 6 
	BLR Results for STEM Departers and Persisters 
	Best Model Wald ep Nagelkerke Pseudo R
	B 
	2 

	GPA 104.9 9.87 < 0.001 0.171 
	Prep School 0.512 -0.474 
	Scholars Status 0.044 -0.833 
	SAT-M 0.528 -0.467 
	STEM Arrivers. The sample consisted of 1,840 non-STEM Persisters (who either remained in their original non-STEM major or switched between non-STEM majors) and 16 STEM Arrivers. The only categorical variables that appeared to be associated with cadets leaving non-STEM majors for STEM majors was Scholars status. For quantitative data, t-test statistics demonstrated that STEM Arrivers are more likely to have higher GPA (t = 2.54, df = 1,854, p = 0.011) and SAT-RW scores (t = 2.32, df = 15.22, p = 0.034) compa
	-

	Inferential Analyses of Undecided Cadets Who Declared a Major Categorical Data. The sample size consisted of 857 (60.4%) undecided cadets who declared a STEM major and 563 (39.6%) undecided cadets who declared a non-STEM major. Using raw data (not percentages), Chi-square analyses were calculated and reported in Table 7. None of the analyses included five or fewer individuals. 
	-

	Cadets who were in the Scholars Program and who declared a secondary major were statistically more likely to declare a STEM major. Cadets who attended a preparatory school were statistically more likely to declare a non-STEM major. 
	-

	Table 7 
	Statistical Comparison of Categorical Variables for Undecided Cadets Selecting a Major 
	Variable Descriptor Declared Declared non-Total Xdf p STEM Majors STEM Majors 
	2

	Gender Male 608 377 985 2.536 1 0.111 61.7% 38.3% 
	Female 249 186 435 57.2% 42.8% 
	Race Causasian 560 369 929 0.026 1 0.871 60.3% 39.7% 
	Minority 280 188 468 59.8% 40.2% 
	Attended No 742 409 1,151 42.967 1 < 0.001 Prep School 64.5% 35.5% 
	Yes 115 154 269 42.7% 57.2% 
	Scholars No 797 409 1,339 6.759 1 0.009 Status 59.5% 35.5% 
	Yes 60 2181 74.1% 25.9% 
	Secondary No 827 558 1,385 9.646 1 0.002 Major 59.7% 40.3% 
	Yes 30 535 85.7% 14.3% 
	Number of None 761 497 1,258 2.687 2 0.261 Minors 60.5% 39.5% 
	One or two 89 56 145 61.4% 38.6% 
	Quantitative Data. T-test statistics comparing the average GPA and SAT scores of undecided cadets who declared STEM and non-STEM majors were calculated and reported in Table 8. Undecided cadets who declared a STEM major had significantly higher GPA and SAT scores, as shown in Table 9. 
	BLR Model. This model included prep school attendance, Scholars status, secondary major, GPA, and SAT-M scores. Given that SAT-RW and SAT-M scores are highly correlated (r = 0.612, p < 0.001), only SAT-M was used to avoid multicollinearity. The best BLR model, which explained 25.0% of the variance in the data, revealed that the strongest predictor of cadets declaring a STEM major was GPA, followed by SAT-M scores, and Scholars status. 
	-
	-

	Table 8 
	Statistical Comparison of Quantitative Variables for Undecided Cadets Selecting a Major 
	Variable Average ± Standard Deviation t dfp Sample Size 
	Declared STEM Declared non-Majors STEM Majors 
	GPA 3.25 ± 0.52 2.79 ± 0.54 15.70 1,418 < 0.001 857 563 
	SAT-RW 681.0 ± 59.1 653.8 ± 63.6 8.24 1,418 < 0.001 857 563 
	SAT-M 704.5 ± 63.7 650.1 ± 66.9 15.44 1,418 < 0.001 857 563 

	Table 9 
	Table 9 
	BLR Results for Undecided Cadets who Declared a Major 
	Best Model Wald ep Nagelkerke Pseudo R
	B 
	2 

	GPA 71.62 0.326 < 0.001 0.196 
	SAT-M 61.329 0.992 < 0.001 0.247 
	Scholars Status 5.024 1.893 0.025 0.250 
	Prep School --0.749 
	Secondary Major --0.087 


	Inferential Analyses of GPA and SAT Scores by Major 
	Inferential Analyses of GPA and SAT Scores by Major 
	Since SAT scores and cadet interest in STEM disciplines are known to USAFA before cadets start their first semester, statistically comparing these scores by major status while keeping track of GPA could provide an early predictor of potential STEM Departers. A Levene statistic revealed that the between-group variances by major status were not similar, likely caused by the wide variation in sample size between groups, so a Kruskal-Wallis (nonparametric) comparison was more appropriate. 
	-

	The Kruskal-Wallis tests showed that the GPA of STEM Departers is the lowest of the group, a GPA like that of non-STEM cadets, those who were undecided, and those who switched within non-STEM majors. In contrast, the SAT scores of STEM Departers are located near the midpoint of the distribution. Most SAT-RW scores are statistically similar, except for the significantly higher scores of STEM Persisters and undecided cadets who declared STEM majors. For SAT-M scores, only the 
	-

	Table 10 
	Theme and Code Summary for Qualitative Cadet Responses 
	Themes Description Total Codes 
	Occupation and 
	Occupation and 
	Occupation and 
	Refers to occupational value expectancy and future job opportunities once USAF/ 
	19 

	Job Markets 
	Job Markets 
	USSF commitments are fulfilled. Also contains coded information regarding 

	TR
	internships and civilian opportunities and job markets. 


	Coursework Perceived notions of challenging or difficult course content that requires effort or 16 Difficulty scaffolding not accounted for before beginning the course. 
	Coursework Refers to the content amount and pacing required to complete the course. 15 Quantity 
	Instructors Refers to recommendations regarding instructor dynamics, perceptions of teaching 11 styles, instructor support during learning, and perceived depth of knowledge. 
	Other STEM 
	Other STEM 
	Other STEM 
	Informal learning opportunities include field trips, museums, guest speakers, and 
	3 

	Informal Learning 
	Informal Learning 
	other activities where knowledge transfer occurs outside USAFA. 

	Opportunities 
	Opportunities 


	Quality of Life Narrative referring to perceived levels of stress or limited time to balance aca-2 demics with non-academic, including the required USAFA physical and military leadership training. 
	Textbook Fees High cost of textbooks required for STEM courses. 1 
	Diversity and Recommendation regarding broad communications of activities within USAFA 1 Inclusion where women and minorities are represented. 
	Total number of codes 68 
	scores of STEM Arrivers are statistically like that of STEM Departers. These results suggest that the mathematical and oral/written communication proficiency of STEM Departers before starting their freshmen year are adequate for cadets to thrive, at least in some STEM majors. 

	Qualitative Analysis of Survey Responses 
	Qualitative Analysis of Survey Responses 
	Four major themes were identified from the qualitative responses shared by 44 cadets: (a) occupation and job market, how cadets perceived their future professional opportunities and how the general job prospects outside USAFA linked with the current majors offered; (b) coursework difficulty, recommendations and comments that pertained to the sense of efficacy and difficulty of the STEM major courses; (c) coursework quantity, recommendations about reducing the number of topics, tasks, and activities that nee
	-
	-

	Table 10 listed the top 10 themes that emerged from the data and how many cadets provided them. A single cadet’s response could code under multiple themes. 
	Occupation and Job Market. Nineteen of the surveyed cadets indicated that occupation and job market considerations, if discussed broadly during the undeclared period at the academy, could attract undecided cadets to declare a major in basic sciences and engineering. These statements reflect limitations either on access to such information or a lack of active search for the information on behalf of the cadets. Regarding declaring and retaining STEM majors at the academy, a cadet commented: “Show how they are
	-
	-
	-

	Coursework Difficulty. Sixteen cadets reported on the perceived high level of difficulty throughout STEM major coursework. One participant expressed it in direct terms by requesting an “easier workload for engineering classes” and to make “engineering more approachable for those without experience.” These statements denote cadets without previous engineering experience find the coursework at the academy challenging. This is an indication of gaps in knowledge or skills or that cadets lack the necessary scaff
	-
	-

	Coursework Quantity. Fifteen cadets manifested feeling “[burnt] out,” “exhausted,” and had a “decrease in quality of life.” For instance, two cadets suggested “decrease the workload on students who choose STEM majors” and for instructors to “go at a slower pace covering course content.” It is here the concept of course quantity links with the idea of a large amount of content versus the pace at which the course is covered. Identification of such notions is significant as burnout fully mediates the relations
	-
	-

	Instructors. Eleven cadets reported low satisfaction with their interactions with course instructors, stating that “STEM major teachers need to act like they care more about cadets” and that USAFA should “allow better teachers to teach core classes instead 
	Instructors. Eleven cadets reported low satisfaction with their interactions with course instructors, stating that “STEM major teachers need to act like they care more about cadets” and that USAFA should “allow better teachers to teach core classes instead 
	of the worst ones in the department.” Cadet recommendations included revising the hiring requirements for faculty, “[getting] better teachers in STEM courses,” encouraging facilitators to become more engaged with students in the courses, and improving the quality of instructors, in terms of content delivery and providing student support. 
	-




	Discussion 
	Discussion 
	The quantitative data indicated that STEM Departers were more likely to have relatively low GPA and SAT-M scores, more likely to come from a preparatory school, and less likely to be in the Scholars Program, compared with STEM Persisters. Undecided cadets who later declared a STEM major were more likely to be in the Scholars program, to declare a secondary major, and to have higher GPA and SAT scores while less likely to have attended a preparatory school. When comparing the distribution of SAT scores, STEM
	-

	The fact that the demographics and academics BLR model could explain no more than 20-25% of the data variance implies that nonacademic and attitudinal factors impact STEM attrition. Cadet recommendations for additional information about employment options for different majors may indicate a low awareness of occupational value expectancy (Appianing & Van Eck, 2018) regarding careers within and outside military ecosystems. The limitations of the BLR model could also be due to low levels of academic self-regul
	-

	Within the teaching community, the term “course difficulty” is generally accepted to communicate the learning content complexity of a course. This complexity is often attributed to the levels of necessary scaffolding to support students as they learn ever more complex topics, helping them achieve the expected learning outcomes, and employing the appropriate pedagogies to teach the course (Andres, 2017). Since GPA comprises nearly two-thirds of the model used to determine which Air Force jobs cadets will hav
	-
	-


	Recommendations 
	Recommendations 
	Based on the mixed-methods analyses, several suggestions for improvement can be put forth. One recommendation to identify opportunities to prevent STEM departures and incentivize STEM arrivals is the development of a data-driven algorithm that uses monthly data pulls from the registrar’s office to monitor freshmen cadets and immediately identify those at risk of becoming STEM Departers and those who could be recruited into STEM majors. Cadets who identify themselves as STEM-interested in the basic sciences 
	-
	-

	Prep school attendance consistently arose as a factor associated with STEM attrition. It is recommended that USAFA critically examine the preparatory school’s science, mathematics, and engineering curriculum and enhance it as needed. A good starting point may be to consider implementing authentic science experiences, model development, and data-driven modeling, praised by many in the field for their connection with best practices in STEM education (Hallström & Schönborn, 2019). 
	-
	-

	Cadets’ academic performance in STEM courses could improve if USAFA hires or provides faculty with pedagogical preparation to instruct introductory STEM courses. The literature documents that introductory courses should be taught by experienced instructors who are better equipped to avoid the teaching methodology pitfalls that many less experienced instructors have (Burroughs et al., 2019; Podolsky et al., 2019). Military faculty typically teach for three to four years, so they may not have enough time to d
	Possible options may be to hire experienced civilian faculty members with a background in STEM pedagogies for introductory STEM courses or to provide additional institutional support to military faculty through quality professional development. One option could be sending military faculty to complete a one-year graduate certificate or master’s degree in STEM Curriculum and Instruction through a collaboration with the University of Colorado at Colorado Springs. This university already provides a master’s deg
	Possible options may be to hire experienced civilian faculty members with a background in STEM pedagogies for introductory STEM courses or to provide additional institutional support to military faculty through quality professional development. One option could be sending military faculty to complete a one-year graduate certificate or master’s degree in STEM Curriculum and Instruction through a collaboration with the University of Colorado at Colorado Springs. This university already provides a master’s deg
	-
	-
	-
	-
	-
	-

	and assist in building a pipeline that can return high-performing instructors to training and education assignments more than once in a career. 

	A final recommendation, which would increase cadet knowledge about both STEM and non-STEM coursework difficulty, quantity, and time and effort commitments, is to create additional recruitment information sessions. In these carefully planned sessions, new cadets meet with senior cadets to discuss experiences and challenges, with a focus on the opportunities open to them because of their chosen major. 
	-


	Conclusion 
	Conclusion 
	The U.S. Department of Defense considers a well-qualified STEM workforce as essential for a robust military, and USAFA is uniquely positioned to increase the quality of graduates in STEM careers. The purpose of this study was to use a mixed-methods approach to examine academic, demographic, and attitudinal factors associated with USAFA cadets becoming STEM Departers. The first research question asked to what extent there was a significant difference in the demographic and academic factors for STEM Departers
	-
	-

	The second research question asked which data-based models could best identify cadets at risk of becoming STEM Departers. From the binary logistic regression model of STEM Departers, GPA emerged as the strongest factor associated with cadets leaving or arriving at STEM majors. 
	The third research question asked cadets to identify practices USAFA can implement to prevent attrition from STEM majors. Thematic analysis provided valuable insight into cadet attitudinal perceptions, uncovering recommendations within four main areas: occupation and job market, coursework difficulty, coursework quantity, and instructors. The identification of these four themes was consistent with the literature regarding STEM attrition and retention and could lead USAFA to consider attitudinal factors to f
	-

	In terms of future research, classifying majors dichotomously into broad categories of STEM and non-STEM may not be capturing the nuances of each major and their role in STEM attrition. A possible alternative could be to examine attrition for individual STEM majors to account for their academic rigor and quantitative load. A likely hypothesis is that attrition is more prevalent in quantitative STEM majors (e.g., chemistry, engineering, mathematics, and physics), compared to majors in the life sciences. Futu
	-
	-

	According to the National Academies of Sciences, Engineering, and Medicine (2015), the Air Force requires the products of basic STEM research, which are critical to future success, and the Air Force’s capabilities in these disciplines must expand at an accelerating rate to keep pace with increased mission complexities and the access of relevant technologies to potential adversaries. It is critical to recognize the problem of STEM attrition at military higher education institutions, and as a national securit
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	Note 
	Note 
	1. The Scholars Program at USAFA helps academically talented cadets reach their full potential by offering special core course sections that deepen and broaden Scholars’ intellectual development and opportunities for completing a senior thesis or capstone project in the cadet’s chosen major. 




