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Computing Skills and the Labor Market

Growing importance of computing skills in the workplace due to the
fast digitalization of U.S. economy

9% of occupations required high digital skills in 2002 → 26% in 2020
(Muro & Liu, 2023)
Employment in computer and information technology is projected to
grow by 10% from 2022 to 2032 (Bureau of Labor Statistics, 2023)

Shortage of talents in computing

450,000 open computing jobs in 2022, but only 90,000 students who
received a computer science (CS) Bachelor degree (Code.org)

Large gaps by gender, race/ethnicity, and socioeconomic backgrounds

Only 25% of all computing jobs are held by women (Ashcraft et al.,
2016)
Large disparities by race/ethnicity and socioeconomic status as well
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The Fast Expansion of CS Courses in K-12 Schools

Fast expansion of CS coursework in K-12 schools

Only about 35% of U.S. public high schools offered a CS course in
2017-2018 → 53% in 2021-2022 (code.org)

“CS for All” Initiatives

Many states (e.g., VA and DC) and school districts (e.g., NYC and
Chicago) have implemented similar initiatives
27 states now require high schools to offer a computer science course,
with 5 of those states requiring a CS course for graduation (AR, NE,
NV, SC and TN)

MD CS for All legislation passed in 2018

All high schools need to offer at least one “high-quality” CS course by
school year 2021-22

Little research on how the introduction of CS coursework affects
student long-run outcomes
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Literature: Curriculum and Student Outcomes

Earlier work in economics on how courses student take affect their
labor market outcomes (e.g., Altonji 1995, Levin & Zimmerman 1995)

More recent literature studies the impact of math, Science, general
STEM, career and technical education, and advanced placement
courses (e.g., Goodman 2019; De Philippis 2021; Görlitz and Gravert
2018; Dougherty 2018; Jackson 2010, 2014)

Increasing secondary STEM course offerings raises educational
attainment and likelihood of earning STEM degrees, especially for
males (De Philippis 2021; Broecke 2013; Görlitz and Gravert 2018;
Darolia et al., 2020)
Providing more advanced secondary math coursework increases
educational attainment, math-intensive degree receipt, and earnings
(Rose and Betts 2004; Goodman 2019; Levine and Zimmerman 1995;
Joensen and Nielsen 2016)

This is the first causal study that evaluates how CS coursework
affects student postsecondary and labor market outcomes
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Overview

Data: K-12, postsecondary education, and earnings data from the
Maryland Longitudinal Data System (MLDS)

Identification:
Exploit the staggered rollout of high-quality (HQ) CS course offerings
across high schools in MD and certain cohorts’ unexpected exposure to
HQ CS
Difference-in-Differences and Instrumental Variables

Findings:
Taking a CS course did not change likelihoods of high school
graduation or earning a BA degree, but significantly increased the
chance of majoring in CS in first-/second-year of college and earning a
CS BA degree
Unexpected exposure to HQ CS courses also raised students’ chance of
employment and annual earnings at age 24
Effects are larger for female, low-income, and Black students for CS
BA degree receipt and labor market outcomes
However, take-up rates are lower for female, Black, Hispanic, and low
baseline math scores students
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Policy Background

MD HB 281 CS Education for All legislation required all HS to offer
high-quality (HQ) CS by 2021-2022

Established the Maryland Center for Computing Education (MCCE)
MCCE convened an expert panel to provide a streamlined HQ CS
definition based on the alignment between School Codes for the
Exchange of Data and the Maryland Computer Science Standards
HQ vs. Any CS
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Policy Background: School and District Rollout
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Data: Overview

Linked administrative data from the Maryland Longitudinal Data
System (MLDS) Center

2008-2019 K-12 student enrollment data
2013-2021 course data
2008-2021 HS graduation
2008-2022 postsecondary enrollment, graduation, majors, and earnings

Outcome variables:

First-year “enroll” in college and CS major
Second-year “persist” in college and CS major
College graduation, CS degree, and degrees in other fields
Employment and income for ages 23-25
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Data: Analysis Sample

Data unique at the HS enrollee level, including 2008-09 to 2016-17
9th grade cohorts who attended regular public high schools

Sample restrictions:

Drop students enrolled in high schools that were already offering Any
CS in 2013→so we know when a school in our sample started to offer
HQ CS
Drop outgoing transfers and incoming transfers (first observation in
10-12th grade)→so we can observe full course-taking history for our
sample
Drop 9th grade cohorts who enrolled in high school after the school
first began offering HQ CS→alleviates concerns on sorting
50,507 students in 58 high schools
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Data: Summary Statistics
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Treatment Timeline

Partial exposure: The first high school we observe a student enrolling
in offered HQ CS during the student’s high school career

Unexpected exposure: for a student who is partially exposed to HQ
CS, the student is considered unexpectedly exposed when the high
school was not offering HQ CS before the student started high school

Consider a school that begins offering HQ CS in 2015
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Student Access to HQ CS
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Course-taking Patterns
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Identification Strategy

Two layers of selection

Selection of students into high schools based on whether HQ CS is
offered→exploit within-school cross-cohort variation in exposure to HQ
CS
Selection of students into HQ CS within a high school→only use
school-level variation through instrumenting CS course-taking with
unexpected exposure (only varies at school-cohort level)

Within-school cross-cohort variation in exposure to HQ CS by
comparing cohorts unexpectedly exposed to HQ CS to unexposed
cohorts

Estimate both reduced-form (RF) and Local Average Treatment
Effects (LATE) in most cases
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Empirical Strategy

Basic specification:

Yi s c = γs + πc + α1Xi s c + α2HQCSi s c + ηi s c (1)

Yisc refers to the outcomes for student i in high school s and cohort c
γs and πc refer to high school and cohort fixed effects, respectively
Xisc is a vector of individual and school characteristics
HQCSisc indicates whether student i took at least one HQ CS course in
school s
α2 measures the effects of taking HQ CS courses on student outcomes

2SLS specification:

P(HQCSi s c) = γs + πc + β1Xi s c + β2PartialExpos c + ui s c (2)

Yi s c = γs + πc + δ1Xi s c + δ2ĤQCSs c + ϵi s c (3)

δ2 LATE of taking HQ CS for compliers
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Effects of HQ CS on Typical Educational Attainment
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Results: CS Major
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Results: 2SLS for Other Majors
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Specification for Event Study

Nonparametric event study specification:

Yi s c = γs + πc + ϕn

4∑
n=−3

1(EventTimes c = n) + vi s c (4)

ϕn is the effect of HQ CS exposure n cohorts before or after course is
first offered
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Results: Event Study

TWFE: Two-way fixed effects; SA: Sun & Abraham (2021); CS: Callaway
& Sant’Anna (2021)
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Complier Analysis
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Complier Analysis and Heterogeneity for CS Majors

Male, students not eligible for free or reduced price meals, Asian, and
higher-achieving students are more likely to take HQ CS when offered
the opportunity compared to their peers

Inconsistent heterogeneity comparing first-year CS major vs. CS BA
degree receipt

Positive, large, and significant effects for traditionally overrepresented
or higher-achieving students (e.g., 12.6 pp for white student but null
result for Black students)
underrepresented subgroups and lower-achieving students benefit more
on CS BA receipt (e.g., 30% bigger for Black students compared to
white students, with both coefficients significant)
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Heterogeneity: CS Majors
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Results: Earnings
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Discussion

This paper finds that taking secondary HQ CS increases the likelihood
of majoring in CS in the first- and second-year of college and receiving
a CS degree

Positive effects on early career labor market outcomes

Substantial heterogeneity
Traditionally underrepresented groups, including female, low-SES, and
Black students show stronger benefits on employment and earnings
However, their take-up rates of HQ CS are lower than their peers

Policy implications:
“CS for All” initiatives are promising in increasing the supply of CS
majors
More efforts to enhance underrepresented groups’ participation in CS
courses

Future research:
CS teacher workforce
Explore why take-up rates are low for underrepresented groups and
potential solutions
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Thank You!
Jing Liu

jliu28@umd.edu
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Appendix: Balance Test
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