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ABSTRACT

This study examines the effects of Advanced Placement Computer Science course taking on
students’ academic careers. Two large school districts in the United States (89 high schools and
28,453 graduates) partnered with Code.org to receive computer science teacher training in order
to enhance Advanced Placement Computer Science course taking among their students. Using a
path analytic modeling approach, this study provides estimates of the impact of taking an
Advanced Placement Computer Science course (Advanced Placement-Computer Science A) on
students’ post-secondary outcomes, such as college enrollment, college persistence, and degree
attainment, controlling for various student characteristics, including academic achievement. We
find that taking AP Computer Science has an impact on degree attainment through college

persistence. We also find that the impact is greater for certain subsets of students.

INTRODUCTION

The purpose of this study is to model the impact of an important initiative by estimating the post-
secondary effects of Computer Science course taking on students’ academic careers. Since
implementation began in the 2015-2016 school year, many of the graduated students who received
the program moved on into post-secondary life and have had sufficient time since high school to
have graduated from two and four-year institutions. This secondary data analysis project models
students’ post-secondary outcomes such as college enrollment, college persistence, and degree
attainment to estimate the effects of Computer Science course taking on rates of college attendance,
college persistence, and degree attainment, controlling for student academic achievement, free or
reduced-price lunch status, and students from groups historically under-represented in Computer
Science (URG) status. In this sample, URG is an indicator for Black/African-American or
Hispanic students. College enrollment data were obtained from the National Student
Clearinghouse (NSC) via the participating districts and matched to district data on course taking

and relevant student demographic variables.

Despite the growing need for qualified workers in STEM fields, there remains a significant under-

representation of females in STEM fields (Beede, et al., 2011), specifically in Computer Science
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careers (Sax, et al., 2017). Similar gaps exist for under-represented students. Research has shown
that targeted training of Computer Science teachers can increase the number of under-represented
students enrolled in advanced Computer Science courses (Goode, 2007). Goode argues that there
is a critical need to provide professional development to support and encourage under-represented

participation in Computer Science coursework.

Research also shows that students whose teachers have participated in the Code.org training have
a greater likelihood of taking an AP Computer Science course (Brown & Brown, 2019). Further,
students who take AP courses have a greater likelihood of attending college (Mattern, Marini, &
Shaw, 2013), and it has been specifically shown that taking AP Computer Science courses
positively impacts college enrollment and persistence (Brown & Brown, 2020). Mattern, et. al
reported that the odds of enrolling in a four-year institution increased by 171% for students who
took one AP Exam compared with students who took no AP exams. Students participating in AP
classes also earn better grades in college (Shaw, Marini, & Mattern, 2013), and have a greater
likelihood of persisting in and graduating from college (Dougherty, Mellor, & Jian, 2006;
Hargrove, Godin, & Dodd, 2008).

A preponderance of evidence suggests that mastering AP course content relates to better post-
secondary outcomes, even after controlling for relevant student pre-college entry attributes. Better
scores on AP exams have been shown to relate to various college persistence measures, including
persistence through the first and second years, as well as persisting through to earn a degree
(Dougherty, Mellor, & Jian, 2006; Eimers & Mullen, 2003; Geiser & Santelices, 2004; Hargrove,
Godin, & Dodd, 2008). Additionally, after controlling for relevant student pre-college entry
attributes, there is evidence that AP exam scores relate to college performance. The better students
score on AP exams, the more likely they are to have higher GPAs, to perform better in introductory
courses, and in subsequent courses (Dodd, Fitzpatrick, De Ayala, & Jennings, 2002; Geiser &
Santelices, 2004; Eimers & Mullen, 2003; Hargrove et al., 2008; Sadler & Sonnert, 2010; Sadler
& Tai, 2007). This is not to say that all evidence points to better outcomes for students who do
well on AP exams. For example, Duffy (2010), noting that his findings contradict a number of
other studies, found that getting college credit for an AP course provides no advantage in terms of

likelihood to earn a college degree in 5 years or in terms of college GPA.
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The research is mixed on whether just taking an AP course, without taking and/or passing the
related AP exam, relates to post-secondary and post-graduate outcomes. Some studies suggest that,
after controlling for relevant student pre-college entry attributes, there is a positive relationship
between simply participating in AP courses and performance in college courses, (Sadler & Sonnert,
2010; Sadler & Tai, 2007) and students may be more likely to complete a science or math college
degree if they have participated in a science or math AP course (Tai, Liu, Almarode, & Fan, 2010),
but there seems to be little evidence that participation in AP math or science courses impacts
persistence in college (Dougherty, Mellor, & Jian, 2006; Geiser & Santelices, 2004; Klopfenstein
& Thomas, 2005; Klopfenstein & Thomas, 2009; Klopfenstein, 2010). This study addresses this
issue by examining the post-secondary effects of taking advanced computer science courses on

students’ academic careers.

Methodology

The primary research question this study seeks to address is “How does Computer Science course
taking impact students’ post-secondary outcomes such as college-enrollment, college persistence,
and college completion?” We hypothesize that students who took Advanced Placement Computer
Science A will realize higher rates of college attendance, college persistence, and college
completion. We modeled the post-secondary outcomes of graduates who took AP Computer
Science A with those who did not in 89 schools in two districts. The participating schools were
those whose teachers received Code.org’s AP Computer Science Principles Professional Learning

program during the 2015-16 academic year.

This study employs a path analytic modeling approach with all post-secondary outcomes as binary
measures, thus the regressions are logistic in nature. All models were estimated using the Mplus
software package (Muthen & Muthen, 1998-2017). This allows us to estimate the effect of
program participation on the likelihood of attaining the desired post-secondary outcomes of
college enrollment, college persistence, and degree attainment, both directly and indirectly. The
standard model, shown below in Figure 1, proposes that college enrollment and college persistence

are impacted by student characteristics such as gender, grade point average, free or reduced-price
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lunch status, URG status, and computer science course-taking. This relationship is indicated by
the paths from those student characteristic variables to the post-secondary outcome measures.
Further, it is proposed that the likelihood of college degree attainment (grad) is impacted by these
same student variables but also by college enrollment and college persistence. The double headed
arrows between the student characteristic variables indicate that these variables are allowed to

correlate with one another.

gender |

enrolled

URG

FRPL

persist

csa

Figure 1. Proposed model of relationships

Sample
The dataset contained records for 27,824 graduated students in 89 participating high schools in the

2015-2016 academic year from two large coastal school districts. District A is on the West Coast
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of the United States, and District B is on the East Coast of the United States. The data included
information regarding student demographics (gender, URG status, poverty status) student course
taking in the Computer Science discipline, student grade point average, and student college
attendance records as of September 2021. Thus, for students graduating high school in 2016,
eleven semesters of college enrollment were possible, excluding summer sessions (Fall 2016,
through Spring 2021). Descriptive analysis of the data reveals the graduating students of these 89
high schools were predominately Hispanic or African-American (82.9% in District A; 65.9% in
District B) and economically disadvantaged (79.0% in District A; 49.7% in District B). In addition,
Computer Science course taking was very infrequent among the graduates. Only 3% of graduates
in District A and 2.1% in District B took any Computer Science courses during their high school

carcers.

RESULTS

We ran the models separately for the two districts to investigate whether the relationships were
consistent across the two locations, or if each district demonstrated a unique set of relations among
the variables. For the initial analyses, we ran the models for each district as specified in Figure 1
above. For both districts, the model estimation terminated normally and parameter estimates were
obtained for each arrow in the model. For clarity of presentation, only statistically significant (p
< 0.05) paths and parameter estimates will be shown. For each significant path, both the parameter
estimates and standard error for that estimate will be shown. To get the odds ratios, the parameter

estimates are exponentiated.

District A — Full Population

Model results for our West Coast district are presented in Figure 2. The results of this model
indicate that college degree attainment is impacted by virtually all of the variables in the model,
either directly or indirectly, positively or negatively. The greatest impact of student characteristics
on college graduation, unsurprisingly, is student cumulative grade point average in high school. A
one point increase in GPA increases the likelihood of earning a college degree by a factor of 3.7,

or more than three and a half times the likelihood. Free or reduced-price lunch (FRPL) status and
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under-represented group status also impact the likelihood of graduating college, but to a lesser
extent. FRPL students (.82) and under-represented students (.67) have a reduced likelihood of
graduating than their counterparts. We find that when controlling for demographic and
background variables, there is a positive impact of taking a Computer Science course on college
persistence, (odds ratio of 1.81), and that college persistence then dramatically increases the
chances of earning a college degree (odds ratio of 7.4). That is, students who took AP Computer
Science had an 81% greater likelihood of persisting in college which then led to a much greater
likelihood of graduating from college. Thus, the effect of taking Computer Science on college
persistence is a direct effect, but the effect of taking computer science on degree attainment is an

indirect effect, mediated by college persistence.
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1956 (.032)

gender 1.306 (.044)

- 147 (.040)
-.438 (.035)

376 (.050)
\‘\..

173 (.059) .992 (.180

URG -.398 (.061) grad
-.525 (.049) 202 (059)
2.001 (.130)
FRPL
persist
594 (.133)

csa

Figure 2. Model Results for District A — Full Population

District B

Similar results were found for our East Coast district (Figure 3). As with District A, the greatest
impact of student characteristics on college graduation is from grade point average, with an odds
ratio of 5.3, an even greater effect than was seen in District A where the odds ratio was 3.7. The
indirect effect of Computer Science course taking on college degree attainment seen in District A

was replicated in District B. In District B, the effect of taking AP Computer Science on college
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persistence yielded an odds ratio of 2.7, meaning that students who took AP Computer Science
were more than two and a half times as likely to persist in college than those who did not, then
those who persisted in college were much more likely go on to earn a degree. The impact of taking
Computer Science A on college persistence was greater in District B (2.7 odds ratio) than in
District A (1.81 odds ratio). It would be interesting to extend these analyses to subsequent cohorts
and explore the effect of taking AP Computer Science Principles, which was not offered to the

students in the class of 2016.

gender
198 (.047)
enrolled
.583 (.039)
1.426 (.055)
gpa
375 (.045)
1.679 (.053)
csa grad
-.196 (.047)
-.299 (.049)
FRPL 5.454 (.367)
1.006 (.264)
persist
-432 (.042)
URG

Figure 3. Model Results for District B — Full Population
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District A — URG Population

The negative parameter estimates for the paths leading from the URG variable to the persistence
and grad variables indicates that the likelihood of persisting in college and graduating from college
is different for African-American and Hispanic students compared to their White and Asian
counterparts. As a result, we sought to see how the model captures the relationships among the
predictors and outcomes specifically for under-represented students. The results for District A
URG students is presented in Figure 4. Again, taking AP Computer Science related to increased
likelihood of persistence in college by an odds ratio of 1.89. Thus, African-American and Hispanic
students who took AP Computer Science increased their likelihood of persisting in college by 8§9%.
Subsequently, those that persisted in college had a much greater likelihood of earning a degree.
This odds ratio is greater than what was obtained for the full population. That is, the effect of
taking AP Computer Science on persistence in college is greater for URG students than non-URG

students in this district.
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-.150 (.043)

gender

-433 (.037)

FRPL

639 (.175)
csa [

enrolled

1.074 (.198)
1.202 (.048)

-367 (.057)

1.851 (.134)

persist

Figure 4. Model Results for District A —URG Students Only

Looking only at URG male students in District A, we found that taking AP Computer Science
more than doubled the rate of degree attainment, while controlling for grade point average and
poverty (Table 1) using a logistic regression model. This finding indicates that in some cases the
impact of taking computer science courses has a direct effect on college graduation in addition to

the indirect effect mediated by college persistence, even while controlling for poverty status and

academic achievement as measured by grade point average.
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B S.E. WALD  DF SIG EXP(B)
FRPL -102 115 798 1 372 903
AP-CSA 696 237 8.627 1 .003 2.006
GPA 1.24 074 278591 1  <.001 3.455
CONSTANT -5.227 255 418827 1  <.001 .005

Table 1. Degree Attainment Predicted by FRPL, AP Computer Science, and GPA in District A — URG Male Students

Only

District B— URG Population

Similarly, taking AP Computer Science increased college persistence for URG students in District

B to a greater extent than in District A, as was seen in the general population of students. However,

unlike in District A, the impact of taking computer science on persistence for URG students,

though substantial, was less than for the general population. In the general population of students,

the odds ratio was 2.7, but for the URG students only, the odds ratio was 2.4. This is still a very

large effect, indicating that taking AP Computer Science more than doubles the likelihood of

college persistence for URG students, but the effect was slightly greater in the general population.
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gender

177 (.057)
enrolled
578 (.046)
1.375 (.068)
gpa X 417 (.057)
1.733 (.068)
grad
5.153 (.418)
csa
876 (.337)
persist
-.287 (.059)
-.205 (.057)

FRPL

Figure 5. Model Results for District B — URG Students Only

Given the strong effect of GPA on college outcomes, we were particularly interested in
understanding whether the impact of taking computer science on college persistence and college
graduation held for different sets of students stratified by grade point average and poverty status.
Thus, we first separated students into subsets based on cumulative GPA quartiles, and again based

on Free or Reduced Price Lunch (FRPL) status, and modeled the relationships separately for each

group.

We found that the results we saw in the general population and in the URG population did not

necessarily hold for each of the student subsets. For example, the effect of taking computer science
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on college persistence and subsequently on college graduation did not appear to be consistent for
high and low GPA students. In District A, the mediated relationship held for higher GPA students,
but not for lower GPA students. Figure 6 shows the significant paths in the model for those
students who were in the upper half of cumulative grade point average. For these students, taking

AP Computer Science increased their likelihood of college persistence 43%.

gender

enrolled

-.151 (.056)
-.519 (.058)
URG
-.186 (.065) -.686 (.065)
-.386 (.067)
FRPL 330 (.148)
2.882 (.220)

persist
.359 (.170)

csa

Figure 6. Model Results for District A — Upper Half GPA
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Conversely, in District B, the mediated relationship held for only students in the first and second
quartiles of cumulative grade point average, or those that were below average in grade point
average (see Figure 7). Taking AP Computer Science did not significantly improve the likelihood
of persisting in college or college degree attainment for students with higher GPA in District B,
but tripled the likelihood of college persistence for lower GPA students. Thus, it appears that the
students who benefit from taking AP Computer Science differ between the two districts. Or to
state it differently, evidence suggests that taking AP Computer Science courses benefits specific
subsets of students differently in varying contexts. This could be the due to the fact that District
A has a longer history of offering AP Computer Science A, whereas District B only recently began
offering the course more widely throughout the district after partnering for professional

development training.

gender
1336 (.056)
enrolled

390 (.050)

csa
.036 (.009)
1.122 (.568)
orad [ 120 (.002)
-.029 (.009)
-271 (.059)
-.024 (.010)
FRPL
294 (.012)

URG -.116 (.057) persist

Figure 7. Model Results for District B — Lower Half GPA
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When we run the models separately for FRPL students and non-FRPL students, we find differing
results. In District A, only in the FRPL sample does taking AP Computer Science statistically
improve the likelihood of college persistence, and it does so by a factor of over 2, meaning that
FRPL students in District A who took AP Computer Science were twice as likely to persist in
college than FRPL students who did not take AP Computer Science. For non-FRPL students in
District A, the path from taking AP Computer Science to college persistence was not statistically

significant. There was no difference between FRPL and not-FRPL students in District B.

gpa
1939 (.037)
enrolled
-.157 (.045)
gender 1930 (.194)
1.221 (.049)
-.355 (.056)
grad
-356 (.074)
URG
440 (.039) 1.869 (.139)
-.497 (.063)
persist
730 (.163)

csa

Figure 8. Model Results for District A — FRPL Students
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CONCLUSION

The findings from this study are somewhat mixed and vary by context but they do provide support
for the argument that training computer science teachers and increasing students’ enrollment in
advanced computer science courses leads to positive post-secondary outcomes for students, even
while controlling for overall academic achievement, student demographics, and school differences.
We find that the impact of advanced coursework in computer science leads to greater persistence
in college and ultimately greater likelihood of college degree attainment, but it operates differently
for subsets of students in different educational contexts. In one district, the impact is greatest for
higher achieving students while in another district, the impact is found for lower achieving students.
This may have to do with how the districts recruit students into the courses or with how well the
students are supported within the courses. It may also have to do with different histories of
Computer Science course availability within each district. District A has a much longer and
established history of providing Advanced Placement Computer Science courses to its students,
whereas District B only recently began offering district-wide Advanced Placement Computer
Science opportunities, mainly as a result of partnering with Code.org to train teachers in Advanced
Placement Computer Science Principles and Exploring Computer Science. It would be interesting
to delve further into how enrollment patterns for Advanced Placement Computer Science have
changed and continue to change within and between these two districts with the introduction of

Advanced Placement Computer Science Principles in 2017.

Similarly, the effect of advanced computer science courses was greater for under-represented
students in one district, and less so in the other. This may be a sampling variation issue, as schools
in District A were comprised of considerably more African-American and Hispanic students than
were the schools sampled from District B. This study was limited to a single year of graduating
high school seniors from two large districts. It would be helpful to explore the extent to which
these relationships hold over other cohorts of students as more time allows for subsequent groups
of students to matriculate to a college degree. Further, it is worthwhile to investigate whether and
to what extent participation in specific AP Computer Science courses (Computer Science A and/or

Computer Science Principles) similarly or differentially impacts post-secondary outcomes, and
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how those impacts vary among subsets of students and between districts with different strategies,
histories, and practices for enrollment. As post-secondary outcome data for students graduating
since 2017 become available in the coming years, the analyses presented here could be extended
to address these important questions and gain a better understanding of how Computer Science

course-taking affects students’ collegiate experience.
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