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CHAPTER 1

Introduction

The U.S. economy's rapid shift from the production of goods to innovation and ideas over

the past 40 years has made many mid-level skills outdated or out of place (Autor and Dorn

2013; Carnevale et al. 2018). Waning jobs in production and transportation require the in-

tegration of labor with machines, or a reallocation of skills to human services professions

(Autor and Dorn 2013; Acemoglu and Restrepo 2020). These economic transitions have

left their mark geographically, and along lines of educational access. For example, the cost

of a credential from a rural college may only provide a return on investment in the com-

pleter migrates to an urban area (McGranahan et al. 2010). Exacerbating gentri�cation in

urban areas has displaced or excluded existing populations from the vanguard of economic

opportunity (Zuk et al. 2018) especially in regions without strong educational pathways

into skilled occupations. In the midst of these transitions, policy leaders have turned in-

creasingly to career and technical education (CTE) in K12 and higher education settings to

align education to local opportunities and to compete for a limited supply of industries that

offer middle-skill employment.

CTE is an instrumental tool in the process of adapting education to new social and eco-

nomic conditions (Hoffman et al. 2011). Policy leaders leverage CTE to support students

in navigating postsecondary careers or education pathways in an era where postsecondary

pathways have never been more diverse and punctuated with work and continuing educa-

tion (Conley 2007; Dougherty and Lombardi 2016). Geographically, CTE programs are

adopted to train workers for dif�cult-to-�ll positions, creating pockets of skilled workers

attractive to new employers (Wellhausen and Locke 2014). This dissertation adds evidence

to support CTE policymaking around three areas: postsecondary trajectories among high

school CTE participants, the relationship between short-term certi�cate postsecondary pro-
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grams and local economic development, and whether infrastructural investments in com-

munity colleges can help the sector better serve students who would have otherwise entered

the for-pro�t sector.

CTE in high school reduces the risk of dropout and improves earnings up to 7-years

after graduation over similar, non-CTE participating peers (Brunner et al. 2023; Dougherty

2018; Kemple 2008), though an increasing body of literature highlights considerable het-

erogeneity in outcomes by CTE program of study (Ecton and Dougherty 2023; Plasman

et al. 2017). High school CTE pathways are diverse, ranging from I.T., health, manufac-

turing, and the trades (Mishkind 2014). Some career pathways like business and health

are associated with higher rates of postsecondary attendance (Plasman et al. 2017), others

are associated with particularly high earnings returns compared to non-CTE peers, and still

others are known to confer null or negative earnings returns and/or rates of postsecondary

attendance (Ecton and Dougherty 2023). Despite the importance of CTE pathway selection

for later life outcomes, little research has documented factors that in�uence this important

enrollment decisions. My �rst paper, “Do local economic conditions drive selection of high

school CTE pathway?” probes this question by examining whether the share of students in

CTE pathways is correlated with local economic characteristics in a Northeastern State. I

pair county-level quarterly workforce indicators with rich administrative data on the CTE

pathway of 12th grade students to test whether the share of county-level employment is

related to the distribution of 12th graders who graduate in aligned CTE pathways.

I �nd that CTE pathway selection is sensitive to changes in the shares of employment

in related industry. Each additional percentage point increase in share of total employment

was associated with a .44 percentage point increase in the share of CTE students concen-

trating in related industry. These �ndings highlight a remarkable responsiveness between

high school seniors and county-level economic conditions, and show that industry compo-

sition can effect the educational decisions of high school students. Choice of CTE �eld

of study in high school has large implications for later postsecondary, employment, and
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earnings outcomes.

At the postsecondary level, short-term CTE or labor market aligned certi�cate programs

have been leveraged for economic development, with many federal and state policy agen-

das positioning community colleges as workforce development hubs (Eyster et al., 2018;

Soliz et al., 2023). Short-term certi�cate programs offered through community colleges

center on accelerated curriculum and a focus on skills aligned to local labor market op-

portunities, and are at the forefront of the discussion of alignment between postsecondary

and workforce systems. Much literature has identi�ed positive links between completion

from sub-baccalaureate credentials and earnings gains after graduation (Stevens, Kurlaen-

der, and Grosz 2015; Dadgar and Trimble 2015; Xu and Trimble 2016; Jepsen, Troske,

and Coomes 2014), though none have examined broader economic spillover effects. This

stands in contrast with another body of literature that casts doubt on whether community

colleges are able to adjust to labor market trends (Acton, 2020; Grosz, 2019;Dougherty

1994). These studies show that students sort into majors based on labor market trends, but

suggest that community colleges do not change or expand offerings in response. In this

chapter, I use longitudinal postsecondary and labor market data to measure alignment be-

tween new manufacturing and health short-term certi�cate program openings and county-

or commuting zone-level economies. I conduct a subanalysis of rural community colleges,

which are relied upon by rural high school grads at higher rates than other localities to

examine trends in short-term certi�cate investments across different economies.

I �nd that short-term certi�cate programs (STCs) make up 41% of all community col-

lege completions in non-rural counties areas and 48% in rural counties. Over the past

decade, there have been increases in the number of STCs offered as well as in the total

number of completions. I �nd some evidence that new STC programs were more likely

to open in counties with higher employment and earnings in aligned industry. For exam-

ple, holding constant population size, unemployment, and state-level characteristics, rural

counties with one additional manufacturing STC had 3 percentage points more employment

3



in manufacturing industries. In health, counties with an additional STC had 2-3 percent-

age points more employment in health. This represents a reasonable degree of geographic

alignment, but still leaves room for misalignment to exist, either in the form of too many

STCs in areas where there is low aligned labor market activity, or too few where labor mar-

ket activity is higher. My analysis shows the latter is more common and highlights regions

where more STC program offerings could improve alignment.

CTE quality – what works in classroom instruction, which supports help students com-

plete, and what kinds of curriculum train students best – is a necessary area for further

research. Community colleges suffer from low completion rates, and have been criticized

for a lack of �exible programming that meets the needs of students beyond “traditional”

�rst-time full-time 18-22 year olds. Research shows that community college students, and

in particular non-traditional students, bene�t from mentorship and clear guided pathways

to credential completion (Jenkins et al., 2018; Van Noy et al., 2016) Students seeking up-

skilling and retraining prefer a curriculum that is accelerated, practical, experiential, and

tailored to openings in local labor markets (Callan et al., 2021; Wachen et al., 2011). His-

torically, the for-pro�t sector has appeared to offer higher education programs that align

better with the needs of adult and working students, through forums like online, self-paced,

and targeted degree programs (Osam et al. 2017). Indeed, non-traditional learners are over-

represented in for-pro�t colleges (Anderson et al., 2017; Chen, 2017; Deming et al., 2012. )

However, the for-pro�t sector tends to cost students and taxpayers more and leads to mixed

or negative graduation and earnings outcomes (Cellini and Turner 2019; Darolia et al. 2015;

Deming et al. 2012), which points to a need for community colleges to learn from elements

of for-pro�t education that are attractive to non-traditional students. Investments in work-

force and educational alignment, as well as providing resources to innovate on program

offerings, could help public postsecondary institutions serve vulnerable populations that

are driven to for-pro�t colleges.

My �nal paper examines enrollment decisions among non-traditional students after an
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historically large federal investment in open-access colleges that scaled the centering of

workforce development systems around community colleges. The Trade Adjustment As-

sistance Community College and Career Training (TAACCCT) grant program spanned ev-

ery state over the years 2011-2014 and incentivized evidence-based practices around high

quality CTE programming. The multi-billion dollar grant was awarded to consortia of com-

munity colleges, employers, chambers of commerce, and other agencies who proposed a

combined effort to train and serve dislocated workers affected by trade adjustments. TAAC-

CCT incentivized learning programs designed for adult and non-traditional populations

(Judkins et al. 2020; Person et al. 2016). Targeted at workers displaced through foreign

trade agreements, TAACCCT led to a collective $2.1 billion invested in public institutions

across all 50 states (Eyster et al. 2017). This study leverages U.S. Department of Education

FAFSA data in a differences in differences in framework to understand how TAACCCT

impacted college decisions for adult students over similar, TAACCCT non-funded service

areas, and contributes to a general understanding of whether infrastructural investments

in open-access institutions can meaningfully change college markets and the enrollment

decisions of targeted populations. Examining the outcomes on student decision to enroll

in open-access public college adds to literature on what works with regard to high quality

CTE experiences, especially among “post-traditional” students.

I �nd that TAACCCT funding had a small impact on FAFSA applications received and

a larger impact on aided student enrollment. Enrollment results are in line with a simi-

lar prior analysis of overall enrollment (Soliz and Ecton 2023). TAACCCT also impacted

applicant behavior, with funded institutions receiving 5-7 percentage points fewer FAFSA

applications that co-listed a for-pro�t college, and 6-9 percentage points more applications

that listed only the TAACCCT funded college. The reduction in applications co-listing a

for-pro�t college was offset by an increase in the number of FAFSAs only listing commu-

nity colleges. Increased substitution of community colleges for for-pro�t colleges is not

likely to be driven by systematic differences in treated and control colleges: both groups of
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colleges had parallel trends in the number of singleton and co-listing applications prior to

TAACCCT. Further, both sets of colleges shared an equal percentage of total applications

with for-pro�t colleges, and had similar characteristics in the pre-period.

Among aid applicants who continued to consider both community and for-pro�t col-

leges on their FAFSAs, the rate at which students decided to enroll in funded community

colleges increased by 5 percentage points, and the rate of enrollment in for-pro�t colleges

decreased by a commensurate 5 percentage points. This provides compelling evidence that

TAACCCT investments in accelerated, labor market aligned credentials improved the mar-

ket power of community colleges relative to for-pro�t colleges. At a time when federal

policymakers are continuing a decades long push to regulate the for-pro�t college sector,

my third dissertation chapter offers evidence that improving access to career aligned educa-

tion in the public sector is an effective lever for reducing enrollments in for-pro�t colleges.

My dissertation adds evidence to three understudied elements of high school and post-

secondary career and technical education. My work focuses especially on alignment be-

tween education sectors and labor markets. My �rst paper focuses on the consequential

decision of choosing a CTE career pathway in high school, and shows that students are

likely in�uenced by local labor markets. My second paper investigates alignment between

new investments in short-term certi�cate programs and county labor market conditions,

establishing a link between postsecondary CTE and regional economic development. My

third paper speaks to urgent questions around the nimbleness of community colleges and

their ability to support nontraditional students in community colleges, using a major federal

grant program to understand its in�uence on student decision to enroll in a public sector

college. All three articles in the dissertation make use of large-scale administrative data

tracking students over time and across major junctures in education and workforce. One

uses differences in differences methodology to isolate intervention impacts. These data

and methodologies allow me to illuminate previously unstudied trends and outcomes in

secondary and postsecondary CTE.

6



CHAPTER 2

Do local economic conditions drive selection of high school CTE pathway?

2.1 Introduction

Research on career and technical education (CTE) �nds considerable heterogeneity in out-

comes by �eld of study. Most states and the federal government recognize 10-16 CTE

“career pathways,” or �elds of study, ranging from construction to education and science,

technology and mathematics (STEM). Certain �elds of study, like business or health, serve

as “pipelines to postsecondary” by improving the odds of college attendance and increasing

earnings (Plasman et al. 2017), while others, like construction, transportation, and hospital-

ity, where the majority of CTE earnings premia accrue to students on non-college pathways

(Ecton and Dougherty 2023). Among the many factors that could drive CTE �eld of study

selection while in high school, I focus here on examining whether the share of students

in CTE pathways is correlated with local economic characteristics. I am guided by the

research question: To what extent is an industry's share of total employment related to

the share of high school CTE concentrators enrolled across Northeastern State' 11 career

clusters?

Prior literature on high school CTE participation highlights positive outcomes for high

school graduation rates and earnings outcomes (Bonilla 2020, Dougherty 2018, Hanushek

et al. 2017, Kemple 2008). A smaller body of literature examines postsecondary attainment,

�nding more ambivalent outcomes (Bonilla 2020. Gottfried and Plasman 2018, Kemple

2008, Plasman et al. 2017). However, there is mounting evidence to suggest that outcomes

vary considerably by �eld of study (Ecton and Dougherty 2023) which could be driven by

differences in the types of students who enroll in a given pathway (i.e., there is signi�cant

segregation by gender across high school CTE programs) or program quality, including

cohesion between CTE programs, postsecondary and workforce systems. Little research
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has examined the in�uence of local context on CTE outcomes, however. Local economic

conditions could in�uence the probability that a CTE student is able to obtain employment,

or follow a coherent postsecondary pathway to further education.

Routing students into high growth, high paying industries is a broader goal of CTE

policy. Because industries have varying levels of upward mobility and average pay, it is

important to understand educational factors that drive employment. Despite the policy em-

phasis on aligning education with local economies, little work has documented alignment

between CTE programs and their economic contexts, nor have recent studies examined

whether high school CTE students respond to economic signals in their choice of path-

way selection. I leverage rich data on CTE pathway concentration and student county of

residence to shed light on whether students respond to local economic conditiions by sort-

ing into aligned CTE pathways. I also test whether strength of alignment between a CTE

student's career cluster and local economic conditions appears to matter for later life out-

comes like (local) college attendance, probability of employment, employment in matched

industry, and earnings.

In this paper, I answer the research question 1) To what extent is an industry's share

of total employment related to the share of high school CTE concentrators enrolled across

Northeastern State' 11 career clusters?

2.1.1 Background

CTE has been linked positively to several post-high school student outcomes, such as high

school graduation, postsecondary enrollment, and earnings.Dougherty 2018 found that ac-

ceptance to an oversubscribed CTE program boosted the probability of on-time graduation

from high school by 7 to 10 percentage points for higher income students, with possibly

larger gaps for lower-income groups. Kemple 2008 found no effect on high school com-

pletion among students in career academies in New York City, but did �nd some positive

effects on attendance and later earnings. CTE concentration in high school was linked to
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lower chances of dropout (1.2% per unit of CTE) and increased chances of on-time grad-

uation, especially when these courses were taken later in high school (Gottfried and Plas-

man 2018). Finally, in a study of career pathways interventions in California, high school

dropout rates were found to decline by 23 percent in districts receiving pathways programs

grants (Bonilla 2020). Few of these studies examine heterogeneity by CTE pathway or how

students come to enroll in CTE.

High school CTE students, especially those in CTE-speci�c high schools, are more

likely to �nd employment and receive a wage premium over their non-CTE peers. Kemple

2008 �nds that students randomly assigned a seat in a career academy realized an 11%

increase in earnings over the 8-year study period for CTE students. Another causally iden-

ti�ed study found that male students in Connecticut were 10 percentage points more likely

to graduate and earned 32 percentage points more than similar non-CTE peers (Brunner

et al. 2023). This study compared students just above and just below an academic score

cutoff used for admissions into technical high schools. However, over-subscribed programs

with admissions lotteries or cut scores may be of higher quality than an average high school

CTE program, in which nearly 20% of students participate (National Center for Education

Statistics (NCES) 2018).

In a rich descriptive study of all CTE program outcomes comparing CTE and non-CTE

students with similar background characteristics and achievement, some CTE career path-

ways, like hospitality, education, and information technology, are associated with lower

earnings, especially college-going CTE students (Ecton and Dougherty 2023).Students

who enroll in education or health care are about 10 percentage points more likely to at-

tend some college than students who enroll in hospitality or agriculture pathways, holding

constant student achievement and background characteristics (Ecton and Dougherty 2023).

Annual earnings returns relative to similar non-CTE peers are as high as $7,500 for students

in construction and transportation pathways.

The connection between high school CTE and college-going remains under-explored,
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though some recent studies suggest that CTE leads to mixed postsecondary outcomes.

(Plasman et al. 2017) �nd that there is signi�cant heterogeneity in college-going by CTE

cluster. An additional CTE Health course was associated with a 3 percentage point in-

crease in the probability of earning an Associate's degree and 2.1 percentage point increase

in Bachelor's degree attainment in health. Additional CTE coursework in STEM or busi-

ness CTE programs extended even further, increasing the likelihood of Master's degree

attainment in the same �elds of study. Authors theorize that certain CTE career cluster

pathways serve as “cluster-to-major” pipelines to college, while other career pathway areas

like public service and the trades were not associated with college attainment. The authors

point to a need to identify mechanisms behind why certain clusters have a greater connec-

tion to postsecondary pathways than others. Examining cluster-to-major pathways under

an additional state context will add robustness to CTE's college-going outcomes.

2.1.2 Does choosing a CTE Pathway Matter?

Selection of a CTE concentration likely has large implications for earnings returns and

postsecondary attendance, however to my knowledge, no prior studies have examined how

students select a CTE cluster. To frame an understanding of how students come to enroll

in particular CTE pathways, I draw from prior literature on factors that in�uence how stu-

dents invest their time in high school more generally. Wang 2013 shows that gender plays a

large role in the career aspirations of high school students. Using a rational choice model,

(Altonji et al. 2012) show that human capital investments made while in high school are

sensitive to economic conditions as well as the degree of uncertainty about these predic-

tions. Liasons between CTE dedicated high schools and middle schools may play an im-

portant role in making students aware of CTE programs (Cassidy et al. 2010). High school

guidance counselors are typically responsible for helping students create course schedules

(Blake 2020) but their roles are ambiguous and vary from school to school.

In the postsecondary setting, prior literature on major selection in college shows that
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choice of major is nearly as important as the choice of institution and even enrollment in

any college (Altonji et al. 2012). Choice of �eld of study has large implications for the

earnings returns of undergraduate certi�cate and associate's degrees in particular (Stevens

et al. 2019), with some certi�cate programs conferring considerable returns and others less

so. If CTE pathway increases the odds of choosing a related college major (Plasman et al.

2017), then choice of CTE pathway in high school could have subsequent in�uence over

earnings via college degree pathway.

Table 2.1 shows average earnings in Northeastern State by industries aligned to CTE

pathway adjusted for differences in student characteristics by CTE pathway. The �rst

three columns describe completion of any degree or certi�cate completed within 5-years

of high school graduation and average earnings, also 5-years after graduation. The last

three columns show statewide average college completion and earnings outcomes. While

industry averages do not account for self-selection into industry, they highlight consider-

able differences in average earnings and postsecondary attainment across industry. For

example, employees in education earn an average of just $10,000 per year, while those in

construction earn $29,000. State CTE concentrators in education, which primarily trains

for early childhood education, also have among the lowest earnings 5-years after gradua-

tion at $13,000. Higher earning pathways include I.T., Manufacturing, and Construction,

where CTE concentrators earn over $16,000 annually. Unadjusted earnings and college

completion rates are reported in Appendix Table 2.5, and highlight greater differences in

pathway outcomes not accounting for differences in student characteristics by pathway. In

this study, I do not estimate a relationship between CTE pathway selection and later life

outcomes, I offer Table 2.1 to motivate the importance of understanding what may drive

the pathway selection process.

Selecting a CTE pathway is nonrandom. A student who selects a health CTE pathway

is likely quite different from a student who selects a construction pathway on a number

of observable and unobservable characteristics. Differences in postsecondary and earnings
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outcomes are therefore likely to be driven in part by self-selection of students of differing

background characteristics. Models with rich controls compare outcomes by CTE pathway

among students who are observably similar (Ecton and Dougherty 2023) but cannot account

for unobservable factors related to both selection of CTE pathway and later life outcomes.

While descriptive in nature, these studies offer compelling evidence that CTE pathway

choice can in�uence later life outcomes among demographically similar students (Plasman

et al. 2017; Ecton and Dougherty 2023). Given the implications of CTE cluster selection

for later life outcomes, it is important to understand how students come to enroll in CTE

pathways.

Table 2.1: Regression Adjusted Earnings and Postsecondary Outcomes by CTE pathway

Notes: First columns show student outcomes for CTE concetrators in the 2015 high school graduation cohort
by CTE cluster at the time of graduation, sorted by earnings of CTE Concentrators. Regression adjustment
includes controls for student gender, 8th grade math score, 9th grade attendance rate, race/ethnicity, disability
status, immigrant status, and town of residence. Column 1 shows any degree or certi�cate completed in �ve
years. Column 2 shows earnings (2021 USD) 5-year post-on-time high school graduation. Columns 4-
6 describe 2015 average county-level postsecondary attainment and earnings across all education levels in
related industry.Source: CTE Concentration from DOE. Share of employment from Quarterly Workforce
Indicators

2.1.3 Does Geographic Labor Market Alignment Matter?

Whether students adjust choice of CTE cluster according to labor market trends is �rst or-

der to understanding whether alignment between CTE programs and local labor markets

might matter for student outcomes. Policymakers have heavily emphasized labor market
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alignment of CTE programs to the extent that Perkins V legislation, which funds a major-

ity of secondary CTE programs, was reauthorized to require alignment to ”high skill, high

wage, and in-demand” occupations (Advance CTE 2024). States, however, are responsible

for de�ning the metrics used to track alignment criterion and can use any labor market in-

formation of their choosing (Advance CTE 2024). Schools have relied on the percentage

of total employment in a given industry, which could serve as a proxy for probability of

employment in that industry (Grosz 2022). Others have attempted to quantify 'alignment'

to available jobs using industry job-growth projections from Bureau of Labor Statistics,

proprietary data bases of job vacancy, and even through meetings with local industry coun-

cil (Advance CTE 2024) In this analysis, I use a combination of share of total employment

and earnings to understand signals that CTE students may receive and use to determine

career pathway selection.

CTE policy's effort to align workforce and educational systems marks an atypical ap-

proach toward relating schools to local contexts. Other education policy initiatives tend to

focus on the “ironclad” relationship1 between a child's ZIP code and later life outcomes

(Chetty et al. 2014) by incentivizing migration away from “low opportunity” neighbor-

hoods (Sanbonmatsu et al. 2011) or offering vouchers to attend a variety of schools across

districts, in an attempt to ease inequity embedded in geography (Egalite 2013). CTE, in

contrast, seeks to increase relevance of education to local labor markets as a strategy to

meet local economic needs and promote economic development (Advance CTE 2024),

though evidence for the ef�cacy of this strategy is more dif�cult to measure. This policy

background provides context for the emphasis onlocal labor market alignment, but does

not resolve challenges to measuring or de�ning alignment.

Perkins V which funds many CTE programs now requires programs to prove align-

ment to local job opportunities (115th Congress 2018). Mandating alignment is partially

1As phrased by former Northeastern State education secretary Paul Reville
https://news.harvard.edu/gazette/story/2016/05/how-do-we-create-an-education-system-that-works-for-
all-kids/
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meant to ensure that CTE graduates have locally available jobs post-graduation and may

be more likely to stay in their regions, which could create positive spillover effects for

broader economic activity (Moretti 2004). To maximize the positive spillover effects of

increasing educational attainment, policymakers may seek to align education to job op-

portunities in population centers (Hoffman et al. 2011), yet this may stand at odds with

individual incentives to migrate to areas with higher returns to educational investments

(Chen and Zerquera 2018). Migration among those with a college education is common.

An estimated 50% of college graduates live and work in the city nearest to their under-

graduate institution (Conzelmann et al. 2023), though CTE students likely have a lower

probability of migration than the population of LinkedIn users analyzed in this study. A

study of whether local or national shocks have a greater in�uence on student investment

in higher education found that students appear most responsive to labor market shocks to

metropolitan areas surrounding their universities (Weinstein 2022). This article will extend

the literature on labor market alignment to high school CTE programs where alignment has

been emphasized in policy with little evidence to understand implications.

2.1.4 Study Context

Students can access CTE through a variety of options in Northeastern State. CTE-dedicated

high schools known as Regional Vocational Technical Schools (RVTS) admit students

based on application scores that consider academic achievement, discipline records, and

counselor recommendation. In some cases, students above a certain score cutoff are ad-

mitted based on a random lottery. RVTS schools have been shown to increase on-time

graduation and serve students who attend college at similar rates to overall state averages

(Fraser, 2008). CTE is also available in comprehensive high schools as elective coursework.

Northeastern State recognizes CTE programs within 10 career clusters that have standard-

ized curriculum frameworks, including Architecture & Construction and Transportation &

Logistics that house construction and auto-mechanics programs, and STEM-related Engi-
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neering, Health, and Information Technology programs.

CTE programs are expected to embed academic learning aligned to state standards

while also providing high quality pathways to college and career opportunity. State ap-

proved CTE programs have met CTE quality standards under Perkins V and state legisla-

tion under Chapter 74 that emphasize the development of work ready skills in tandem with

strong academic preparation. The Board of Education voted on a common de�nition of

college and career readiness which includes workplace and academic competencies for all

public-school students (DOE, 2016). More recently, efforts to create intentional pathways

to college and in-demand industries that align with state CTE programs have been launched

by Northeastern State Department of Education (DOE) of�ce of College, Career and Tech-

nical Education. To receive a High-Quality Pathways Program Designation, districts must

establish a formal partnership with at least one employer or employer association and of-

fer college-level rigor and experience (Northeastern State Executive Of�ce of Education,

2020). Many students enter RVTS and comprehensive CTE programs with the goal of at-

taining a college degree or certi�cate, and state priorities have supported college and career

pathways for CTE students.

2.1.5 Data

This study leverages student-level administrative records for students who concentrate in

CTE from the Northeastern State DOE spanning the 2007-2016 graduating cohorts. CTE

participants identi�ed by schools as students who take two or more years of CTE course-

work. CTE pathway concentration is de�ned as having taken 2 or more courses in one

de�ned CTE pathway of study. DOE has currently approved 45 programs classi�ed within

11 clusters under Chapter 74 legislation. State approved programs receive federal Perkins

funding. CTE programs that are not Chapter 74 approved are still categorized within the

state cluster framework and are included in this analysis. DOE administrative data include

annual records of student coursework reported by schools, as well as grades and demo-
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graphic information. Records include student “town of residence,” which I aggregate to the

county level for merging with labor market data.

Postsecondary education outcomes are drawn from National Student Clearinghouse

data on public, private and for-pro�t college enrollments and graduation. Finally, earn-

ings outcomes are retrieved from Unemployment Insurance data which cover all in-state

employees, but do not capture federal, contractor, or out-of-state employment. The ana-

lytic sample contains 833,086 public school students in the 2007-2016 on-time graduation

cohorts. Earnings outcomes at 1- and 3-years post-graduation are available for all cohorts,

5-year earnings are reported for the 2007-2015 cohorts, and 7-year earnings are reported

for the 2007-2013 cohorts.

Labor market outcomes are derived from U.S. Census Quarterly Workforce Indicators

which provide real-time county-level labor market statistics by industry, race, gender, and

education. I used both �rm and employee level variables, including the estimated number of

workers who started a new job (hiresnew), �rm job gains, and average monthly earnings.

Indicators are reported across four education levels: less than high school, high school but

no college, some college or associate's degree, and bachelor's or advanced degree. The

aggregation of some college or associate's degree in education category three poses some

challenge in understanding sub-baccalaureate outcomes, as 'some college' includes both

those who stop out of college as well as certi�cate completers, which adds imprecision for

understanding how signals may vary for postsecondary certi�cate holders. Data on historic

industry shares of employment are drawn from the 1980 American Community Survey2

I crosswalk industry North American Industry Classi�cation System (NAICS) codes

with the 11 Northeastern State state CTE clusters in Table 4.2. Contrary to typical classi�-

cations of educational programs, the Northeastern State CTE cluster schema are based on

industry rather than occupation, which allows for a clear link to be drawn between 2-digit

NAICS codes and CTE clusters in most cases. The Arts, Business, and Law clusters can not

2Obtained from Integrated Public Use Microdata (Steven Ruggles and Schouweiler 2024)
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be cross walked to individual 2-digit NAICS codes. A program to 3-digit NAICS code link

would be necessary, which would alter the de�nition of CTE concentration for these areas

(students would have to take 2 or more courses in a program of study which is narrower

than a CTE cluster). I therefore leave these concentrators out or classify them as ”other.”

Table 2.2: Linking N.E. State CTE Cluster to Industry NAICS Code

Notes: Source: DOE State approved career and technical education clusters.

2.2 Methodology

To describe the relationship between CTE cluster concentration and share of employment

in related industry, I estimate a model of the following form:

Ycrt = a + b1IndSharecrt + b2IndEarncrt + dc + dr + dt + ecrt (2.1)

WhereYcrt represents the share of CTE concentrators in clusterc from countyr who

graduate high school in yeart. Using the share of CTE concentrators allows me to ana-

lyze CTE pathway selection independently from the decision to enroll in CTE at all (Al-
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tonji et al. 2012).b1 is the estimated relationship between county-level industry shares,

IndSharecrt , and the share of CTE concentrators in a related clusterc. b2 is the estimated

relationship between county-level industry earnings in industryc, IndEarncrt , andYcrt . dc,

dr , anddt are CTE cluster, county and graduation cohort �xed effects, respectively. County-

level �xed effects hold constant all time invariant geographic characteristics, allowing only

changes in county characteristics, like population, average pay and industry composition

to vary with the outcome. Cluster �xed effects allow me to isolate how the distribution of

CTE concentration responds to changes in the proportion of employment over time. Cohort

�xed effects account for secular trends experienced by all Northeastern State counties.ecrt

is the random error term, clustered at the county level.

There are a few limitations of this approach. First, I can only observe student selection

into CTE and cannot observe program availability. Therefore, estimates of CTE pathway

selection are conditional on availability. Second, there is a potentially endogenous re-

lationship between CTE concentrators and industry share of employment. For example,

long-running CTE dedicated high schools have trained thousands of students in transporta-

tion and automotive repair, which could have the potential to support and grow the county's

transportation industry over time. Therefore, the estimated relationship between share of

industry jobs and CTE pathway selection could be driven by the supply of trained students,

not the other way around. In other words, students and schools can in�uence industry

growth in the same way that industry growth might in�uence CTE pathway selection. Es-

timates from equation 2.1 are purely descriptive in nature.

To eliminate the potential endogeneity of industry share of employment with educa-

tional production in the form of graduating CTE concentrators, I offer an instrument that

isolates industry employment demand from the supply of CTE concentrators. I use a stan-

dard shift-share approach commonly used in economic literature to isolate supply or de-

mand effects in a market (Bartik 1991; Autor and Dorn 2009; Autor and Dorn 2013; Grosz

2022). The intuition behind this design is that changes to demand (industry employment)
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can only in�uence supply (of new CTE students) through national shocks based on historic

shares of employment. For example, a growth in national manufacturing industries will

effect the share of state-level employment in manufacturing based on its historic share of

employment. This isolates changes in labor demand arising from national-level shocks to

Northeastern State industry employment.

This instrument eliminates potentially endogenous localized trends in employment by

allowing employment to vary only through the in�uence of national trends on historic

shares of industry. The instrument is de�ned as:

\IndShareNE
ct =

t

å
t= 1

[IndShareNE
ct;2000� (gUS

ct;2000)] (2.2)

WheregUS
c;2000 is the growth rate of industryc from 2000 to yeart in all states other than

Northeastern State. In the second stage, I use predicted values\IndShareNE
ct in equation 2.2

to isolate a demand side response in the sorting of CTE concentrators. Following canonical

applications of shift-share instruments, I provide evidence to support the exclusion restric-

tion by testing whether historic industry shares,IndShareNE
c;2000 are correlated with CTE

concentration in more recent years. This estimated relationship is described in Appendix

Table 2.6

2.3 Results

Figure 2.1 compares the share of N.E. State's employment by industry to the share of CTE

concentrators across CTE clusters over time. Whether the distribution of CTE pathway

participants matches the distribution of employment in the broader economy could have

implications for CTE concentrator's probability of employment and potentially earnings.

Overall, I �nd some areas of misalignment between CTE and industry employment. Be-

ginning with the largest CTE cluster by total population, I �nd that construction, which

makes up 15% of all CTE concentrators, makes up only 7% of total some or no college

employment in the broader statewide economy. Manufacturing declined in the broader
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economy from 11% to 9% of total employment, but CTE concentration in this area has

steadily grown over the same period, from 10% to a high of 14% in 2018. Transportation,

agriculture, and IT pathways are over-represented in CTE pathways compared to share of

total employment. Finally, Health industries are underrepresented in CTE concentration

compared to the percentage of total employment in health, but participation in this cluster

has increased its share by 2 percentage points over time, while the share of employment in

health industries has grown by 4 percentage points. Share of employment can be used as a

proxy for probability of obtaining employment, but is not a perfect measure. These overall

state averages suggest that there may be some areas of misalignment between share of CTE

concentration and employment opportunity.

The most popular CTE pathways - construction and manufacturing, are among the high-

est earning related industries across average workers with some or no college in Northeast-

ern State, which could explain why students and secondary schools have gravitated toward

these pathways. Further, it could also be that secondary CTE programs are primary training

providers for these industries, which could explain emphasis in this area. Whether student

selection into CTE pathway (conditional on program availability) could be driven partly

by alignment to local industry as well as potential earnings will be explored in the next

section.
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Figure 2.1: Trends in percent of employment over time

Panel A.Northeastern State Employees with No College

Panel B.CTE Concentrators

Notes: Displays proportion employed (no college) across NE State, and percentage of CTE students con-
centrating in each pathway. Proportion of employment for workers with a Bachelor's or advanced degree is
shown in Appendix Figure 2.2.Source: QWI, DOE
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Table 2.3 presents results from the �xed effects model of share of CTE concentration

with share of employment in related industry. The �rst column of Panel A presents the un-

adjusted relationship between these two variables using employment across all education

levels, and shows that for each additional percentage point shift across industry employ-

ment, CTE concentration in aligned industries also shifts by .92 percentage points. Includ-

ing controls for baseline geographic alignment and annual secular trends absorbs some of

this relationship. The fourth column presents the within-cluster relationship between CTE

pathway concentration and industry share of employment. I �nd that for each additional

percentage point increase in an industry's total share of employment, CTE concentration in

aligned industry increases by .44 percentage points. Panel B shows that the share of non-

college employment has a slightly stronger relationship with share of CTE concentrators,

with one additional percentage point increase in industry share relating to a .46 percentage

point increase in CTE concentration in related pathways.

Table 2.3 Panel A shows that an additional $1,000 increase in the average annual

county-level earnings for employees across all education levels is associated with an in-

crease in CTE concentration in related pathways of .22 percentage points. Within industry,

a $1,000 earnings increase is related to a .15 increase in concentrator share. Panel B shows

that a $1,000 increase in the county-level earnings of non-college workers is associated

with a .08 percentage point increase in share of related CTE pathway concentration. It

is reasonable to assume that a high school senior would have a coarser understanding of

potential earnings, therefore, it may be more practical that an earnings increase of $5,000

would be more in�uential on CTE pathway choice. My estimates suggest that a $5,000

increase in average annual earnings, or a roughly 30% raise for someone earning the aver-

age non-college income, would be related to less than a 1 percentage point increase in total

share of CTE concentration. This is equivalent to a 6% change in construction pathways

and a 20% change in education pathways.
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Table 2.3: Relationship between share of students by CTE cluster and share of employment
by related industry

Panel A.All Northeastern State Employment

Panel B.Non-College Employment

Notes: Results from �xed effects regression models of the share of 12th grade students graduating as a CTE

concentrator by aligned CTE cluster. Standard errors in parentheses. *** p< 0.01, ** p< .05, * p< .01Source:

CTE Concentration from DOE. Share of employment from Quarterly Workforce Indicators

I then test whether this relationship holds using the shift-share instrumental variables

approach to isolate the effect of employment changes on CTE pathway concentration. Ta-

ble 2.4 shows that results from the shift-share instrument are similar to the descriptive es-

timates: one additional percentage point increase in the share employed in related industry

causes a shift of .63 percentage points related CTE cluster specialty. Causal interpretation
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of this estimate relies on the instrumented values of employment share,\IndShareMA
crt , hav-

ing some association with actual employment share. Results from the �rst stage model of

the instrumented employment shares on actual shares are shown in the last rows of Table

2.4. The F-statistic, a measure of strength of the relationship between the instrument and

the independent variable, is 2.61, which does not exceed the minimum threshold, suggest-

ing that this estimation likely suffers from weak instrument bias (Stock and Yogo 2005).

Therefore, these estimates offer suggestive evidence that CTE pathway selection is related

to local industry trends, but causal interpretation should be approached with caution.

Table 2.4: Effect of predicted employment changes on CTE pathway concentration

Notes: Second-stage estimates of the effect of employment changes on CTE pathway concentration. First

stage F-statistic and minimum eigen value describe strength and validity of the shift-share instrument (Stock

and Yogo 2005).Source: Share of CTE clusters include 2010-2020 on-time high school graduation cohorts

from DOE. Original industry shares in are derived from decennial census estimates. growth in national

industry share derived from QWI.

2.4 Discussion

Several studies have estimated the relationship between postsecondary college major choice

and local economic conditions (Altonji et al. 2012; Baker et al. 2018; Grosz 2022), but

no recent studies have extended this work to secondary schools. In the high school CTE
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context, understanding what drives selection into CTE pathway is important not only for

understanding odds of later employment, but also due to differences in enrollment in post-

secondary programs. CTE in much of the U.S., and in the state of this study's context, is

meant to prepare students for both college and career. Choice of a health or business CTE

pathway can set students on a clear college trajectory (Bonilla 2020, Plasman et al. 2017),

while choice of a construction pathway, while high paying compared to non-college peers,

could reduce the odds of college attendance when compared with peers of similar academic

ability and background (Ecton and Dougherty 2023). This is consequential given the large

returns to postsecondary education that exist across many areas of study. Given the impli-

cations of CTE pathway selection on later life outcomes, this study contributes evidence to

understand drivers of pathway selection and whether CTE outcomes vary depending on the

alignment between CTE pathway and local economy.

I �nd that descriptively, each additional percentage point increase in industry employ-

ment across education levels is associated with a .44 percentage point rise in the share of

CTE student concentrators in related pathways, a relationship that increases to .46 per-

centage points when using signals from share of employment of workers with no college.

For comparison, Grosz 2022 �nds that for each percentage point increase in an occupa-

tion's share of total employment, community college students increased their enrollment

in related majors by .55 percentage points. High school CTE concentrators therefore are

slightly less responsive in adjusting their cluster choice to labor market trends than com-

munity college students are in selecting a major, but still show some attention to local eco-

nomic conditions. I am not able to disentangle whether high schools or high school students

are more responsive to labor market indicators given limited data on program availability,

course offerings, or staf�ng expenditures. Therefore, these estimates should be interpreted

as a combined student and school response.

Further, because high school CTE programs themselves can in�uence the share of em-

ployment in related industry, I employ a Bartik-style shift-share instrumental variables ap-

25



proach to attempt to isolate the effect of employment changes on CTE pathway concentra-

tion. The shift-share estimates is similar in direction but greater in magnitude compared

to the descriptive estimates, suggesting that a one percentage point increase in industry

employment is associated with a .62 percentage point rise in the share of CTE student con-

centrators in related pathways. However, the instrument does not have a strong enough

�rst-stage relationship to allow for causal interpretation of these estimates.

2.5 Conclusion

Ensuring high school CTE students have access to college and career pathways, speci�-

cally local opportunities that “do not require them to leave their hometowns for economic

opportunity” (Ed. Sec. Miguel Cardona, Press Of�ce 2023) after high school is a state and

national priority.3 Choosing a CTE �eld of study has large implications for the probabil-

ity of enrolling in college and later life earnings. This article offers new insight into one

potential mechanism - local economic conditions - through which students come to enroll

in a CTE pathway, offering insight into how responsive students may be to efforts to align

education with local labor markets. I identify a positive descriptive association between

changes in industry shares and the share of CTE students concentrating in a related career

pathway. However, at baseline, the most popular CTE programs are not necessarily related

to the most common industries of employment. For example, while health has increased

both in share of total employment and in share of CTE concentration, health pathways

make up 20% of all non-college jobs but just under 10% of all CTE concentrators.

Recent legislation mandating states to ensure that Perkins funded CTE programs are

aligned to local labor markets could meaningfully improve the value of students' skills in

local labor markets (115th Congress 2018). However, no prior research has systematically

tested whether high school CTE students appear responsive to their local economic condi-

3In a January 2024 address, Education Secretary Miguel Cardona called for career pathways policymaking
that does not track students away from college, but also does not solely emphasize 4-year pathways: ”We must
challenge our myopic view that emphasizing the importance of career pathways is about limiting students, or
the view that it's four-year-college or bust. Advancing career pathways in high schools is about more options
for students, not less. What it does is prepare them for the careers of today with options.”
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tions, an important consideration given prior literature that �nds only a limited connection

between college student major selection and labor markets (Baker et al. 2018; Acton 2021b;

Grosz et al. 2022). I �nd that high school CTE students do make some adjustment to se-

lection of CTE cluster given labor market trends. For each one percentage point growth

in industry, high school CTE students become .44 percentage points more likley to sort

into an aligned CTE cluster. This is slightly less responsive than community college stu-

dents. Future research linking more granular CTE clusters with 3-digit NAICS codes could

produce a stronger causal estimate of this relationship.
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2.6 Appendices

Figure 2.2: Trends in percent of employment over time

Panel A.Northeastern State Employees with some college or Associate's

degree

Panel B.Northeastern State Employees with Bachelor's or advanced

degree

Notes: Average state-level proportion of employment by worker education levelSource: QWI
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Table 2.5: Unadjusted Earnings and Postsecondary Outcomes by CTE pathway

Notes: First columns show student outcomes for CTE concetrators in the 2015 cohort by CTE cluster at the

time of graduation, sorted by earnings of CTE Concentrators. Column 1 shows any degree or certi�cate

completed in �ve years. Column 2 shows earnings 5-year post-on-time high school graduation. Columns

4-6 describe 2015 average county-level postsecondary attainment and earnings across all education levels in

related industry.Source: DOE, QWI.
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Table 2.6: Robustness Check: Association between historic shares and present day CTE
pathway concentration

Notes: Estimated relationship between historic state-wide share of industry and CTE cluster concentration.

Source: Share of CTE clusters include 2010-2020 on-time high school graduation cohorts from DOE. Orig-

inal industry shares (year 2000) are derived from decennial census estimates. growth in national industry

share derived from QWI.
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CHAPTER 3

Local Labor Market Alignment of Short-Term Certi�cate Programs

3.1 Introduction

Short-term certi�cate (STC) programs at community colleges provide accelerated pathways

to careers at the sub-associate degree level. Federal and state investments have supported

the expansion of STC programs to increase educational attainment and �ll mid-skill job

openings (Eyester et. al., 2014; Soliz & Ecton, 2021), and STC programs now make up

44% of all community college completions (Author's analysis, IPEDS 2019). STCs can

be completed in 15 months or less and provide bridges to local employment while still

offering a transferable credit-bearing credential. STCs in certain �elds of study have shown

evidence of positive earnings gains for individuals (Dadgar and Trimble 2015, Stevens

et al. 2019, Xu and Trimble 2014). Labor-market alignment of postsecondary programs

is a particular priority in rural areas, where federal and state efforts have been targeted

to address rural outmigration and gaps in postsecondary attainment. McGranahan et al.

2010, Lowe and Wolf-Powers 2018). This study examines how health and manufacturing

STC programs are distributed across regions and according to local labor market trends,

measured through longer-term relationships between economic indicators and educational

supply, as well as in the timing of a large launch of multiple new STCs.

Coordinating community college programs with industry demand could improve in-

dividual outcomes as well as address broader economic trends in worker shortages. The

supply of STCs informs how college supply adapts to a rapidly changing economy with de-

creasing employment for those without postsecondary education (Carnevale et al., 2016).

Record worker shortages post-pandemic, driven in part by an increase in retiring among

skilled workers, make questions about worker supply more urgent (Penn and Huang, 2023).

Prior research has focused on whether community students sort into high-vacancy �elds,
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�nding loose alignment between major selection and labor market trends (Baker et al.,

2018; Grosz et al., 2022; Acton, 2021b; Sublett and Tovar, 2021). However, work fo-

cused on individual major selection can take access to navigable and affordable college

pathways as a given, a key omission with respect to community colleges whose unique

funding constraints can limit expanding or adapting programs (National Academies of Sci-

ences, Engineering, and Medicine, 2017). The only causal study examining community

college course offerings and faculty investments in California �nds no connection between

institution-level investments in faculty and course sections and labor market trends (Grosz

et al., 2022), further motivating the need for a national descriptive examination of the dis-

tribution of career-aligned postsecondary programs.

I examine coordination between colleges and the labor market in rural areas separately.

Technical certi�cate completions represent a 20% greater share of completions at rural

colleges compared with non-rural colleges.1 STCs may be particularly important given the

context of college-going in rural areas: Rural students graduate from high school at higher

rates but are less likely to enroll in college at comparable rates to their urban peers (Schafft

and Jackson, 2010). Rural young people and their families can be wary of the relevance

of postsecondary credentials to local opportunities (Corbett, 2016). This wariness is not

without reason, as postsecondary attainment has been linked to rural outmigration, driven

by rural graduates moving to areas where returns to education are higher (McGranahan

et al., 2010; Chen and Zerquera, 2018). Therefore, STCs have programmatic aspects that

may relieve some of these rural challenges by creating direct paths from education to local

employment.

Additionally, STCs may be of particular importance for rural economies for whom man-

ufacturing sectors are greater sources of employment (Low, 2017). Though manufacturing

employment is far below historical levels, it has experienced a modest rebound over the past

decade with about 1 million new jobs added since 2010, the longest period of job increases

1Author's calculation: IPEDS 2019. STCs account for 47% of all completions at rural colleges compared
with 41% at non-rural community colleges
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in manufacturing since the 1970s (Abel and Deitz, 2019). “Reshoring” of manufacturing

jobs in the transportation sector is driving the majority of job growth, and is especially im-

pactful for jobs in the motor vehicle production corridor in the Midwest and South (Snell,

2019). A small body of literature has examined the role of postsecondary education in this

increase in domestic production, noting that curricula have been updated to re�ect advance-

ments in manufacturing technology (Jackson, 2015; Lowe and Wolf-Powers, 2018; Snell,

2019). Due to the unique economic and postsecondary context, I conduct a sub-analysis

by rural counties to understand differences in alignment between education and the labor

market by locality.

I study the supply of community college health and manufacturing STC programs to

understand how access varies spatially and according to local labor market conditions. I

offer insight into the de�nition of “local” alignment by examining alignment at the state,

commuting zone, and county-levels. Linking national data on higher education enroll-

ments and graduation from the Integrated Postsecondary Education Data System (IPEDS),

to quarterly earnings, new hires, and total employment from the U.S. Census Quarterly

Workforce Indicators (QWI), I employ a �xed effects model design to understand how pro-

gram offerings relate to trends in labor market indicators and a comparative interrupted

time series analysis of the timing of major STC program launches.

3.2 Returns to Short-Term Certi�cates

Investments in STCs at community colleges can both raise individual earnings through edu-

cational attainment and support community-level local industry through workforce training

(Lowe, 2007; Lowe and Wolf-Powers, 2018). Selecting a �eld of study aligned to high-

growth, high-wage careers has enormous consequences for later-life earnings outcomes, a

choice found to be more important than picking an institution and even the decision to en-

roll in college at all (Altonji et. al., 2012; Kirkeboen et al. (2016)). While much literature

has focused on the bachelor's degree-level, returns vary widely by �eld of study at the as-
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sociate and sub-associate degree level as well. Studies using individual-level �xed effects

designs that measure change in earnings conditional on pre- and post-enrollment earnings

�nd that the return to an associate's degree in nursing or STEM can be as great as 30 per-

centage points while those in other �elds provide little or no return (Stevens et al., 2019;

Dadgar and Trimble, 2015). Similarly, returns to sub-associate STC programs in allied

health and manufacturing credentials have been found to be up to 16 percentage points (Xu

and Trimble, 2016), but lower or even negative returns in areas like cosmetology (Dadgar

and Trimble, 2015; Minaya and Scott-Clayton, 2022a). The strong individual earnings re-

turns for certain STCs signal the potential for STCs to contribute to broader workforce

development agendas.

Despite the importance of college major selection on later earnings outcomes, little

work has documented variance in access to high-return degree pathways across colleges.

In a study of California Community Colleges, Grosz et al. (2022) �nds that colleges did not

apportion increases in faculty FTEs or course-sections according to changes in occupational

shares of employment, but students increase their share of completions by .49 percentage

points for every 1 percentage point increase in occupational share. Using a shift-share

instrumental variables approach, the author disentangles a causal effect of labor market

changes on institutional response separately from shifts in student demand. This study is

advantaged by access to detailed records on course sections and college FTE spending,

which capture a broader institutional response than will be observable using IPEDS data.

However, new course sections with modi�ed certi�cate lengths or sub-specialties would

appear in IPEDS. The limited institutional response identi�ed in Grosz's (2022) study is

further motivation for a national landscape analysis of institutional alignment in the form

of STC availability.

A few high-quality case studies in speci�c states have documented the results of state

investments in improving the connection between community colleges and labor markets

through STCs. In interviews with community college leaders across Tennessee, Soliz et al.
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(2023) �nd that state funding through the Labor Education Alignment Program (LEAP)

increases cross-sectoral collaboration between colleges and workforce development agen-

cies. Authors �nd that LEAP funding for new STC programs also led colleges to establish

work-based learning programs, receive new equipment, and revise curricula based on em-

ployer partnerships. Finally, researchers in North Carolina found that state support for

community college training programs increased employer engagement, leading some �rms

to recruit additional life sciences manufacturers to the area to increase the overall level of

training support they could receive from the state (Lowe, 2007). These case studies high-

light states that have funded new STCs as a lever to promote broader alignment between

colleges and local labor markets.

3.2.1 STCs and Regional Workforce Development

Over the past decade, federal and state policymakers have favored “localized” commu-

nity college policies that emphasize bolstering local economies through postsecondary at-

tainment. Major legislative priorities have sought to, in the words of Education Secretary

Miguel Cardona, “create pathways for students to �nd rewarding careers that do not require

them to leave their hometowns for economic opportunity” (White House, 2023). Funding

through the Carl D. Perkins Act, which funds the majority of secondary and postsecondary

CTE in the U.S., was reauthorized to include labor-market alignment as a grantee require-

ment (Granovskiy, 2018; Atwell et al., 2022). In the 2010s, the federal government made

major investments in STC infrastructure through the Trade Adjustment Assistance Com-

munity College and Career Training grant program, which funded 2,000 new or enhanced

labor-market aligned STC programs at half of all U.S. community colleges (Mikelson et al.,

2017). States have funded major “grow your own” initiatives as well, with high pro�le in-

vestments in career-aligned community college programs including the Tennessee LEAP,

Kentucky Works!, and ReadySC in South Carolina. Nationwide, the push for using com-

munity colleges to confer credentials that expand individual- and community-level eco-
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nomic wellbeing has made a systematic understanding of access to STCs a key gap in

understanding the modern postsecondary landscape.

The proliferation of support for labor market-aligned postsecondary policy arose against

the backdrop of economic turbulence after the Great Recession as long-standing trends in

globalization and technological change. The manufacturing industry in particular has un-

dergone rapid skills changes and decline in opportunities for workers with no college cre-

dential (Carnevale et al., 2016). Manufacturing has seen a decline in vertically-integrated

enterprises in favor of companies that are leaner and “asset light” (Chang and Andreoni,

2020). Firms are less likely to house production activities or make investment in train-

ing or upskilling the manufacturing workforce. This change in industry organization has

contributed to offshoring, while making domestic hiring more dif�cult due to reduced in-

vestment in training and employee pipeline (Chang and Andreoni, 2020). In a survey of

thousands of manufacturing �rms in the U.S., Locke & Wellhausen (2014) found that 20%

of small to medium sized manufacturers had long-term job vacancies lasting over 3 months.

They identi�ed that jobs with skills not generally available in the �rm's region were the

most dif�cult to �ll, and companies with better connections to regional schools tended to

have fewer hiring issues. Post-recession investments in manufacturing STCs were poised

to retain domestic manufacturing amidst �rm divestment in skilled worker pipelines.

Macro-economic trends in employment and skilled worker pipelines have shifted post-

secondary policy, particularly in the community college setting, to favor accelerated and

labor market aligned programs. In this analysis, I show that STC programs have prolifer-

ated in number and share of 2-year college completions alongside shifting discourse around

the role of community colleges. Using STC program offerings as an indicator of commu-

nity college adaptability to updating or expanding programs according to industry change,

I offer a national perspective on STCs after a increased period of investments in STCs.
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3.3 Data & Treatment Identi�cation

This analysis leverages public IPEDS and U.S. Census Quarterly Workforce Indicators

(QWI) from 2005-2019 to construct a national county-level panel of community college

program offerings and county-level workforce indicators. I focus on health and manu-

facturing STC programs because they are the largest, together accounting for 40% of all

community college degree completions on average, and because of the relative ease of

linking these two �elds of study to related industry. Many postsecondary programs train

for occupations which can be nested within and across industry. Occupational classi�ca-

tions have hundreds of categories that can become unwieldy for use in studying job growth

and economic change (IPUMS, 2023). I therefore simplify my analysis by focusing on

the largest two �elds of study and relating them to labor market signals from health and

manufacturing industries.

STCs offered per college are de�ned as the count of unique 6-digit CIP codes and sub-

associate certi�cate-level combinations. Programs in IPEDS completions �les are de�ned

as credit-bearing pathways toward degrees or certi�cates, which are classi�ed using “clas-

si�cation of instructional programs” (CIP) codes. STCs are reported as short certi�cates,

which can be completed one year, and long certi�cates, those that can be completed in over

one year but less than two. CIP codes are reported by individual college administrators at

three levels of speci�city, with the 2-digit series representing the broadest area of study,

4-digit series consisting of programs with similar content and objectives, and 6-digit se-

ries representing speci�c instructional programs (NCES 2010). IPEDS reports CIP codes

upon program completion, meaning that I will not observe STCs launched that never had

enrollees. I might observe a false new STC if an STC reappears in the data after a period

of zero program enrollment. I account for this scenario by testing robustness of results to

new STCs not previously offered by the college.

Labor market outcomes are derived from U.S. Census Quarterly Workforce Indicators

(QWI), sourced from a federal-state data sharing agreement covering 95% of private em-

37



ployers known as the Longitudinal Employer-Household Dynamics (LEHD) microdata. I

use the following variables: new hires (who retained employment for at least one quarter),

average monthly earnings of new hires, total �rm job gains, and total industry employment.

Firm job gains complement new hires to account for typical employee turnover that may ar-

ti�cially raise the count of new hires. I use these variables for all employees and for “some

college” employees with an associate's, certi�cates, or some college coursework. I use

manufacturing (NAICS code 31-33) and health (NAICS code 62) industries to correspond

with the higher education programs of interest. Manufacturing and health industries are

large categories that contain numerous sub�elds that may follow employment and earnings

trends not captured in the aggregated analysis. For example, goods manufacturing may be

declining as food production in increasing, or employment in senior care facilities may be

rising as maternity care declines. The aggregated statistics provide a useful overview of the

relationship between education and broader industry trends.

Rural counties are de�ned using 2015 County Typology Codes from the U.S. Depart-

ment of Agriculture. Commuting zones are derived from 2010 U.S. Department of Agricul-

ture Economic Research Service data. Commuting zones group counties based on census-

derived commuting �ows.

Table 3.1 describes the counties used in the sample that offer at least one STC in either

health and/or advanced-manufacturing (CIP 51 (Health Professions), 48 (Precision Pro-

duction), 47 (Mechanic and Repair Technologies) and 15 (Engineering Technologies)). On

average, counties have about one community college offering 6-10 STCs in manufacturing

and/or health.
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Table 3.1: Description of the sample: U.S. counties with colleges offering short-term cer-
ti�cates in manufacturing or health

All Counties Rural Counties

Manufacturing Health Manufacturing Health

Mean Mean Mean Mean
County Characteristics (SD) (SD) (SD) (SD)

Avg. Total Public 2-YR Colleges 1.23 1.24 1.11 1.12
(1:21) (1:20) (0:67) (0:66)

Avg. Total STC Programs 10.74 8.11 8.36 6.21
(11:03) (8:16) (6:36) (5:12)

Largest Program Increase 4.86 4.78 3.99 3.91
(5:04) (5:00) (3:44) (3:40)

Annual New Programs 0.50 0.29 0.41 0.24
(2:00) (1:56) (1:71) (1:12)

N Graduates 137.59 182.23 89.19 117.71
(224:09) (294:84) (153:00) (160:62)

Population 287,239 290,056 112,221 107,919
(635;865) (635;844) (320;438) (314;075)

County Employement

Total Employment 10,957 19,031 4,492 6,016
(23;750) (41;711) (10;333) (17;674)

New Hires 3,381 8,373 1,553 2,749
(6;932) (18;141) (3;693) (8;879)

Quarterly Earnings of New Hires (2021 USD)
$ 3,742.31 $ 2,743.81 3,371.90 2,579.87

$ (1,306.78) (465.93) (1,257.06) (449.28)

N Counties 663 679 382 390

Table Notes: 2015 characteristics of counties with at least one public 2-year college offering health
or manufacturing short-term certi�cates. Source: IPEDS and Census LEHD.

3.4 Empirical Strategy

I use both a �xed effects framework and a comparative interrupted time series (CITS)

design to study the relationship between STC offerings and related industry workforce

trends. I �rst examine whether the number of STCs offered trend positively with labor

market indicators holding constant annual, state, and county characteristics separately. I

then test how large STC program launches are timed with local labor markets. I model

outcomes for manufacturing and health pathways individually. I hypothesize that rural

colleges will have greater alignment between colleges and the labor market than non-rural
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colleges given the policy emphasis on STCs in rural areas, and their speci�c emphasis on

local alignment.

In the �xed effects model approach allows me to control for all �xed characteristics

associated with states, commuting zones and counties. Controlling for progressively more

speci�c geographic designations allows me to understand how much alignment is driven

by commuting zones within states, versus counties within commuting zones, versus years

within counties. The most saturated county-level �xed effects model will absorb all spa-

tial variation between STC offerings and the labor market, leaving only the relationship

between STCs and near-term coordination with county-speci�c trends. This model will

provide the most information on whether colleges appear to adapt to hyper-local trends

such as �rm relocation or plant closures but will miss spatial alignment between STCs

and variation in regional labor markets across the state or commuting zones. Results are

presented across �xed effects model speci�cations to understand various components of

coordination between colleges and labor markets.

I estimate the following equation:

Yrt = a + brt STC+ Wr + gr + qt + ert (3.1)

WhereYrt are workforce indicators in countyr in yeart. brt STCare the total number of

unique short-term award levels and 6-digit CIP codes offered across all colleges in county

r in year t. Wr are time varying controls for county population and unemployment,gr

are �xed effects for geography, which are speci�ed as state, communing zone and county

respectively.qt are year level �xed effects.ert represents the random error term clustered

at the county level. I �t this model separately by industry, rural and non-rural counties.

Because it may be unreasonable to expect community colleges to respond to immediate-

term changes in labor market activity, I test whether alignment of STCs with labor market

signals varies when labor market signals are lagged up to 5-years prior to program opening

by substitutingYrt � 1...Yrt � 5 for Yrt in equation 3.1.
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The CITS model is designed to account for the frequent funding of new STC programs

through legislative grant and bond passage by estimating economic conditions before and

after infrastructural STC investments were made. The CITS design offers another way to

understand alignment between colleges and the labor market by focusing speci�cally on

timing and viewing large program launches in the context of county-level trends. In this

framework, I compare county-level labor market indicators for a given college in the years

leading up to and after a large program launch. I model:

Yrt = dr +
t

å
t 6= � 1

b t PostSTCrt + ert (3.2)

WhereYrt is a labor market outcome (new hires, total employment, and earnings) for

a given countyr at t years until large program launch. PostSTCr are a series of indicators

for the difference in labor market trends for each year relative to the large program launch.

b t is the estimated difference inYrt in year t compared tot = � 1. dr are county-level

�xed effects. Standard errors are clustered at the county-level. This model is �t separately

by industry, rural and non-rural counties.

To address the concern that a singular de�nition of “large program launch” drives re-

sults, I test three other potential treatment de�nitions: b) the largest sustained increase in

STCs with a net increase in total STC graduates, c) the largest sustained increase in 6-digit

CIP STCs that were never previously offered by a college, and d) the largest sustained

increase in STCs that led to at least 20% more STCs than in prior years. Because new

program codes appear in IPEDS upon completion, I adjust program start year based on

program length (1 year for short STCs and 2 years for long STCs). Figure 3.1 shows total

completions and total STCs offered at the year of large program launch, across the four

de�nitions of launch year. In panel A for example, I show that colleges had an average of

25 additional graduates in manufacturing and 40 additional graduates in health in the treat-

ment year. Colleges offered an average of 3 additional STCs in the year of large program

launch. These increases remained for up to 4 years after the treatment year.
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Figure 3.1: Validation of program opening treatment year: Total short-term certi�cate com-
pletions by time to treatment year

(a) Total Completions

(b) Total STCs

Figure Notes: Treatment year is de�ned as the largest single sustained net increase in new short-
term certs awarded in a county. Horizontal axis represents time to treatment year. Vertical axis
represents total county completions in health or manufacturing short-term certi�cates.
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3.5 Findings

I begin by describing STC completions and college offerings by geography and over time.

I then present �xed-effects model estimates of STC and labor market alignment across

increasingly speci�c geographies. I discuss differences in alignment among rural and urban

counties using the preferred state-level �xed effects model speci�cation. Finally, I present

results from the CITS analysis of large program launches.

3.5.1 Trends in STC Program offerings

Figure 3.2 shows that STC completions have increased over time, as have the prevalence of

STCs offered by community colleges. STCs in technical engineering and advanced man-

ufacturing have experienced gains in completion, with the overall number of completers

doubling since 2005. Health STCs grew by 40% from 2005 to 2010 but have since tapered

off in slightly in total completions. Figure 3.3 maps the landscape of colleges offering

STCs, with color coding for total change in manufacturing and health industry employ-

ment from 2010 to 2019. This �gure highlights regional differences in employment growth

in health and manufacturing, with the “auto-corridor” stretching from the Midwest to the

South showing most of the growth in manufacturing jobs and population centers across the

nation showing growth in health industries. Figure 3.9 shows trends in STC program avail-

ability and economic indicators by quartile of number of STCs. Counties with the most

STCs also have the highest number of new hires in corresponding industry. The average

number of STCs is shown in the blue bar graphs, and trends in new hires is shown in the

orange line plot.
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Figure 3.2: Top 5 Short-term certi�cate program completions and availability over time

Figure Notes: Source: IPEDS completion �les. Notes: Top 5 STC ranking based on total 2019
completions. Program count is the sum of unique 6-digit CIP code and sub-associate award-level
combinations offered across all community colleges
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Figure 3.3: Regional changes in industry employment and short-term certi�cate program
offerings, 2010-2019

(a) Manufacturing

(b) Health

Figure Notes: shading represents county-level percentage change in number employed in health
& manufacturing sectors from 2010-2019. Points represent colleges adding new award levels or
sub-programs of study within health & manufacturing departments. Size of point is relative to the
number of new programming options added between 2010-2019. Employment data are from QWI;
postsecondary data from IPEDS.

Figure 3.4 shows that rural colleges have more completions in short-term certi�cate

programs as a percentage of overall completions than the average non-rural public college.

Manufacturing, or Technical Engineering STCs shown in the orange line make up 13% of

all rural and 7% of all non-rural community college completions. Health STCs, shown in

blue, have made up close to 15% of all rural completions since 2005, with some decline

beginning in 2011. Health STCs have declined both overall and as a percentage of overall
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completions in non-rural areas from 13% in 2010 to 9% in 2019. These trends could

suggest an emphasis on STC investment over associate's degree programs in rural areas,

but could also signal a greater preference or demand for STC by rural students over non-

rural peers.

Figure 3.4: Percent of all within 2-digit CIP code completions in STCs by Non-Rural and
Rural colleges

Figure Notes: Source: IPEDS completion �les. Notes: Top 5 STC ranking based on total 2019
completions. Program count = unique 6-digit CIP code and award-level. Rural counties identi�ed
using USDA County Typology Codes.

3.5.2 Descriptive Estimates – Spatial vs. Temporal Alignment

Column 1 in Table 3.2 shows that one additional STC program in manufacturing is asso-

ciated with 3.5% more net job gains in manufacturing industries. Column 1 in Table 3.3

one additional health program is associated with a 4.3% net gain in health jobs. Estimates

are similar for total new hires and total employed in industry but were near zero for the

earnings of new hires. Estimates were partially explained by the addition of controls for

county population, unemployment, annual-�xed effects, and state-level �xed in columns

shown in columns 2 through 4. The inclusion of commuting zone �xed effects (column 5)
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explained some of the coef�cient of interest, with one additional STC within-commuting

zone was associated with about a 1.7% and 1.8% increase in job gains in manufacturing

and health respectively.

County-level �xed effects explained nearly all the association between STCs and labor

market outcomes, indicating that STCs are not offered according to marginal changes in

county-level new hires after accounting for all time-invariant county characteristics. All

county-level �xed effects estimates were precise nulls, except for percent employed in

health, in which an additional STC was associated with a one-percent increase in health

share of employment. An additional manufacturing STC was associated with a 1% decline

in county-level manufacturing job gains. Results from this analysis suggest that college

and labor market alignment is explained more by spatial distribution of STC programs than

temporal differences in employment. Appendix Table 3.4 shows that coordination between

STCs and labor market indicators does not improve with the inclusion of lagged labor

market data up to 5-years. Using county-level �xed effects models, I �nd precise null or

near-null estimates across all lagged time periods.
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Table 3.2: CITS Model Estimates Manufacturing: Timing of STC program launch with
new industry hires, total employment and earnings of new hires, all with some college (AA
or below)

Figure Notes: Table Notes: Coef�cients represent the relationship between one additional STC
program offered and new hires. All outcomes log transformed except percent employed. Robust
standard errors are clustered at the calendar year, state, commuting zone, and county-level across
columns 2-5 respectively. County characteristics include average unemployment, population size,
and rural status from USDA County Typology.
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Table 3.3: CITS Model Estimates Health: Timing of STC program launch with new indus-
try hires, total employment and earnings of new hires, all with some college (AA or below)

Figure Notes: Table Notes: Coef�cients represent the relationship between one additional STC
program offered and new hires. All outcomes log transformed except percent employed. Robust
standard errors are clustered at the calendar year, state, commuting zone, and county-level across
columns 2-5 respectively. County characteristics include average unemployment, population size,
and rural status from USDA County Typology.

Figure 3.6 displays the same estimates from the model with state �xed effects and con-

trols for county population and unemployment (shown in Table 3.2 Column 4) disaggre-

gated by rural and non-rural counties. Manufacturing STC openings in rural counties had
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a stronger association with labor market indicators than those opened in non-rural coun-

ties. Each additional manufacturing STC is associated with 2.3% more new hires in rural

counites and 1% more new hires in non-rural counites. Manufacturing STCs added in ru-

ral counties were more strongly associated with other labor market indicators, like total

employment (3%) and percentage of population employed in manufacturing (7%). Health

STCs were more strongly associated with local labor market indicators, with each addi-

tional program associated with 3% more new hires with some college but no BA, and 2.8%

more total employment in health industry. STCs were associated with non-rural regions

who had 9.5% greater shares of employment in health.

Figure 3.5: Relationship between labor market indicators and STC offerings, under model
with State �xed effects

Figure Notes: Estimates from state level �xed effects model of the association between QWI and
STCs in non-rural and rural counties, adjusted for state-level �xed effects, total population, and
unemployment rates. “Col” indicates QWI for workers with some college (incl. associate's or
certi�cates) but no bachelor's degree. All outcomes log transformed except Percent Employed
outcomes.
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The hexplot in Figure 3.6 further investigates the spatial relationship by examining

whether there were more counites with high employment and low STCs (access barri-

ers) or counties with low employment but high STC availability (alignment barriers). The

plot shows total STCs offered in counties classi�ed from high and low total industry em-

ployment and STC availability. Perfect alignment in this �gure would be represented by

concentration in the upper right-hand quadrant if all high STC counties were also high em-

ployment counties. Concentration in the upper left-hand quadrant would indicate access

barriers, and in the lower right, alignment barriers. I �nd that there are more access bar-

riers to manufacturing STCs, in which there are several high-employment manufacturing

counties that have low STC availability. I detect slightly more alignment issues in health

STC availability, with many top STC counties being in regions with relatively lower health

opportunities.
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Figure 3.6: Alignment between STC offerings and total employment for workers with some
college

Figure Notes: Counties are rank ordered and assigned to 10 equal bins according to total industry
employment and again according to total availability of STCs. Hexplot (Jann 2019) shows crosstab
between industry and employment decile ranking, with color scale representing the total concentra-
tion of short-term certi�cate programs. Number in hex = total STCs offered.

3.5.3 Descriptive Estimates – Timing of Large Program Launch

Figure 3.7 shows that large program launches in rural areas occurred before periods of

growth in the earnings of new hires with some college (but no BA) in both health and man-

ufacturing industry. In these �gures, I de�ne treatment year as the year of largest sustained

program launch as the most conservative de�nition, but show results from all treatment

year de�nitions in appendices, which broadly align with my preferred de�nition. Each

point in Figure 3.7 compares county-level labor market statistics in each period relative to

the year of the single largest, sustained program launch. Figure 3.7 Panel A shows that

large program launches in health occur after periods of steady county-speci�c hiring rates
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and before periods of increases of up to 6% in county-speci�c hiring in non-rural counties.

I �nd that manufacturing STC program launches occur after periods of steady or slight

declines new hires.

Panel B shows similar patterns in the coordination between large program launches and

total employment. I �nd that manufacturing launches occur in the wake of employment de-

clines, and ahead of further declines which level out at about 10-15% by the 4th post-period

in both rural and non-rural counties. Health employment rose both before and after health

STC program launches. Panel C shows that rural health and manufacturing programs tend

to be launched during periods of growth of earnings for new hires. In manufactring, earn-

ings rose by 3-8% post program launch. In health, earnings rose by about 2% immediately

after a large program launch and continued to grow to 5% in the four years following the

launch.
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Figure 3.7: CITS Model Estimates where Treatment Year is Largest Sustained STC In-
crease: New industry hires, total employment and earnings of new hires, all with some
college (AA or below)

(a) New Hires (some college)

(b) Total Employment (some college)
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(a) Earnings of New Hires (some college)

Figure Notes: Comparative interrupted time series (CITS) plots of the relationship between new
hires by time to large program launch for all counties and rural counties. Trends adjusted for
baseline county-characteristics, total population, and unemployment rates. Model speci�cation (A)
largest sustained STC launch.

I test the robustness of the large program launch results across three additional treatment

year de�nitions. Appendix Figures 3.10 through 3.14 show that these results are robust to

varying de�nitions of STC program launch treatment years, including when large program

launch year is de�ned as the largest sustained increase with net positive graduates, largest

sustained increase in never before offered CIP codes, and a net increase of 20% or more

new CIPs than in previous years. Almost all estimated relationships are robust to these

program launch de�nitions.

3.6 Discussion

Counties with more new hires, job gains and higher earnings in manufacturing and health

industries have greater overall access to STC programs in related industries at public com-

munity colleges, even after accounting for state-level �xed effects and trends in population

and unemployment. Given the insensitivity of these estimates to controls, any omitted vari-
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ables bias due to uncontrolled differences is likely minimal. This re�ects spatial alignment

between college STC offerings and local labor market opportunities, measured through to-

tal employment, new hires and net job gains overall and for individuals with some college

below a bachelor's degree. Counties with one additional STC had an average of 3% more

health employment and 2% more manufacturing employment. Further examination into

why spatial alignment in manufacturing was lower than health found that counties with

concentrated STC offerings had high levels of employment, but not all high employment

counties had a concentration of STCs. For example, counties with top decile manufactur-

ing employment per capita for workers with some college, but bottom decile concentration

of STCs, included Minneapolis (Hennepin County) Minnesota, Baltimore Maryland, and

Lehigh Pennsylvania.

STCs were not associated with to county-speci�c labor market trends. These �ndings

are consistent with prior literature on the constraints community colleges trying to inno-

vate or offer new instructional programs. Grosz (2019) found that community colleges

could expand seats in existing nursing programs but did not expand the number or type of

sections offered. The lack of shared trends between county-speci�c trends and STCs does

not necessarily signal a disconnect between community colleges and counties. Non-credit

degree programs are increasingly common at community colleges and often serve work-

force development roles like worker retraining and employer engagement (Erwin, 2015;

Van Noy & Hughes, 2022; Ullrich, 2023). There are an estimated 5 million students en-

rolled in non-credit programs (AACC, 2016) under the umbrella of continuing education,

community education, and contracted training (D'Amico, 2017; Erwin, 2019). STCs do

offer advantages to non-credit programs by offering workers a transferable credential but

can be more cumbersome to establish. Future research and data collection on non-degree

programs could offer more insight into the landscape of community colleges and workforce

development.

Assuming that some state or federal momentum for expanding community college ca-
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pacity is needed to lead to the formation of new STCs, I test the extent to which discon-

tinuous large program launches correspond with county-speci�c labor market trends. I

reveal the economic climate surrounding the four years leading up to and following a large

launch. In general, launch years were not systematically different from non-launch years

in both health and manufacturing in non-rural counties. In rural counties, I �nd that STCs

with some increase in net total graduates launched before periods of growth in health in

rural counties. Large launches in rural manufacturing STCs appeared to follow periods of

decline in manufacturing employment and come before a decrease in employment stabiliz-

ing at around 10 percentage points. This could re�ect STC launches being used to retrain

unemployed workers or in an attempt to attract new employers during times of decline.

Aggregation of manufacturing and health industries in this analysis could miss the dy-

namics of sub-sectors within these industries. Future work could examine whether growth

of a new sub-sector, such as automotive manufacturing, is a driver of decreased total em-

ployment but increased earnings, for example. Sub-sector trends could be an important

mechanism explaining these results.

3.7 Conclusion

Aligning postsecondary career and technical education with local labor markets is a top pol-

icy priority, but little research has documented the extent to which alignment takes place

nor de�ned the geographic labor market regions in which colleges prioritize alignment. I

show that community colleges respond to long standing regional economic characteristics

by concentrating STCs in counties with higher employment, hires, and net job gains in

corresponding industry. I do not �nd evidence that STC offerings follow county-speci�c

near-term workforce trends, therefore showing that community colleges are more likely

to be spatially, rather than temporally, aligned with local labor markets. Health STCs

were more geographically aligned than manufacturing, with one additional STC offered

corresponding with 3.5% more new hires with some college below the bachelor's degree.
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Colleges in rural counties were more spatially aligned between STC offerings and related

industry, which could re�ect a more careful use of resources (i.e., expanding STCs only

in areas of strong industry presence). In both rural and non-rural counties, county-speci�c

labor market trends were not closely tied to new STCs.

STC programs could be particularly important in rural areas in adjusting to rapid eco-

nomic changes and in offering postsecondary training tied to locally available employ-

ment. While there is signi�cant heterogeneity within the “rural” category, prior literature

has shown that impacts from the Great Recession and globalization have led to particularly

rapid changes in rural areas. Indeed, my analysis �nds that STCs make up a higher share

of completions in rural areas compared with non-rural areas. Manufacturing STCs open

in rural counties after periods of declining employment, but before periods of employment

stabilization. This is in line with the theory that STCs provide accelerated routes into new

careers, potentially offering new or updated skills within manufacturing to transition work-

ers through economic change.

Further, my �ndings suggest that the alignment between rural STCs and related industry

is particularly important to rural counties. Messaging around STCs emphasizes reducing

“brain drain” by offering direct routes into locally available jobs. I �nd that rural STCs

in health are more aligned to industry than STCs in non-rural counties, which is the �rst

estimate of this rural education policy trend at a broad scale. Future research should exam-

ine whether increasing STC access has improved rates of college-going among rural youth,

given that prior research �nds that rural high school students are much less likely to at-

tend college than similar, non-rural peers. STCs that are targeted toward local employment

could be a more appealing postsecondary route and could therefore increase enrollments

among rural high school students.

Coordination between community colleges and the workforce may mean that colleges

offer a greater selection of STCs as industries grow to help train workers for high-demand

jobs. However, it may also mean that colleges open new STCs during periods of industry
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decline to help attract new employers to relocate to an area, or to provide displaced workers

with re-training in a different sub-�eld. My analysis of large program launches suggests

that both strategies are likely adopted by community colleges, with large launches in health

corresponding with some industry growth and in manufacturing with stagnation or decline,

at least for four years after program offering. Future research on how individual earnings

returns to completing an STC vary according to employment opportunities in local labor

markets could shed light on the extent to which alignment in�uences earnings or probability

of employment.

59



3.8 Appendices

Figure 3.9: Trends in new hires and quarterly earnings of new hires by quartile of total
STCs

(a) Manufacturing

(b) Health

Figure Notes: Source: IPEDS completion �les. Notes: Quartile assigned using average annual
count of STCs from 2002-2019. STC count = unique 6-digit CIP code and sub-associate certi�cate
level
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Figure 3.10: CITS Model Estimates: Treatment year Largest Sustained Increase With Net
Positive Graduates

(a) New Hires (some college)

(b) Total Employment (some college)
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(a) Earnings of New Hires (some college)

Figure Notes: Comparative interrupted time series (CITS) plots of the relationship between new
hires by time to large program launch for all counties and rural counties. Trends adjusted for
baseline county-characteristics, total population, and unemployment rates. Model speci�cation (B)
largest launch conditional on net positive graduates.
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Figure 3.12: CITS Model Estimates: Treatment year Largest Increase of New CIPs

(a) New Hires (some college)

(b) Total Employment (some college)
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(a) Earnings of New Hires (some college)

Figure Notes: Comparative interrupted time series (CITS) plots of the relationship between new
hires by time to large program launch for all counties and rural counties. Trends adjusted for
baseline county-characteristics, total population, and unemployment rates. Model speci�cation (C)
largest launch of programs with CIPs never before offered.
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Figure 3.14: CITS Model Estimates: Treatment year Largest Increase with threshold of at
least 20% more programs

(a) New Hires (some college)

(b) Total Employment (some college)
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(a) Earnings of New Hires (some college)

Figure Notes: Comparative interrupted time series (CITS) plots of the relationship between new
hires by time to large program launch for all counties and rural counties. Trends adjusted for
baseline county-characteristics, total population, and unemployment rates. Model speci�cation (D)
largest launch conditional on increase of at least 20% more programs offered.
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Table 3.4: Robustness check: Relationship between number of STCs and labor market
signals lagged up to 5 years

Notes: Estimates of the relationship between one additional STC program offering and natural log of new

hires in manufacturing and health industries. Columns present estimates across new hires lagged by up to

�ve years. Source: QWI and IPEDS
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CHAPTER 4

Can public investment in community colleges draw adult learners away from

for-pro�ts?

4.1 Introduction

Are for-pro�t colleges ”nimble critters” who increase access to higher education, or ”ag-

ile predators” that siphon students away from higher value public options (Deming et al.

2012)? Graduates from for-pro�t colleges tend to earn less after graduation and pay greater

tuition cost compared to similar public-college graduates (Deming et al. 2016; Cellini and

Turner 2019; Tucker 2021) Yet non-traditional learners (adults over 25, parents, and work-

ing students) continue to enroll in for-pro�t colleges at over twice the rate of traditional

students (Deming et al. 2012; Cellini 2020). In response to the staying power of for-pro�t

colleges among non-traditional students, some have called for community colleges to learn

from for-pro�t practices that are attractive to non-traditional learners, like �exible schedul-

ing and online programs (Rosenbaum et al. 2007; Deming et al. 2012). A multi-million

dollar federal grant appeared to address this weakness by funding 2,000 adult-focused, ac-

celerated certi�cate programs distributed across half of all U.S. community colleges (Eyster

et al. 2017). In this study, I leverage the Trade Adjustment Assistance Community Col-

lege and Career Training (TAACCCT) grant to understand competition between public

and for-pro�t colleges for adult learners. I use previously unreleased Free Application

for Federal Student Aid (FAFSA) data from U.S. Department of Education to illuminate

pre-enrollment college preferences and test whether TAACCCT caused more prospective

for-pro�t students to consider and enroll in community colleges.

Community colleges serve the majority of U.S. undergraduates and have multiple broad

missions from academic transfer to workforce development to basic skills training (Rosen-

baum et al. 2007). The wide-ranging missions and vulnerable funding structure of com-
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munity colleges likely create an opening for for-pro�t colleges to serve the adult student

niche whose needs may be overlooked in traditional colleges (Bailey 2001; Rosenbaum

et al. 2007; Deming et al. 2012). For-pro�t colleges target expansion in areas where com-

munity colleges are the predominant postsecondary provider (Eaton et al. 2020). The over-

whelming majority of the over 1 million for-pro�t students enrolled each year are adult and

non-traditional students (National Center for Education Statistics 2020). While for-pro�ts

may offer some useful features for adult learners (Jepsen et al. 2014), they are more ex-

pensive to both individuals and the public (Cellini 2020) securing 25% of all public federal

aid disbursements at their peak in 2011 (Goldstein and Eaton 2021). Efforts to regulate

this sector could therefore be enhanced through policy improving public-sector service to

non-traditional students given evidence that funding matters for enrollment decisions of

this population.

Understanding the intersection between for-pro�t and community colleges sheds light

on access to workforce-aligned education. For-pro�t college students tend to concentrate

in certi�cate programs and applied �elds, and are far less likely to pursue general studies

than community college students (Jepsen et al. 2021). For-pro�t colleges absorbed dispro-

portionate shares of displaced workers in the wake of the Great Recession (Looney and

Yannelis 2015; Airoldi 2016). Post-recession reliance on the for-pro�t sector proved to be

expensive to learners and taxpayers, leading to ballooning student loan debt among vulner-

able borrowers with small-dollar loans (Looney and Yannelis 2015). Beginning in 2011,

however, the TAACCCT grant program distributed $2.1 billion dollars to half of all U.S.

community colleges to establish programs to serve displaced workers. The grant led to

2,000 new or enhanced programs of study that focused on four strategies known to im-

prove outcomes for adults: accelerated learning, focus on retention, industry alignment,

and online programming (ETA, 2011). While prior work has shown that TAACCCT led

to modest gains in enrollments and more considerable improvements in completion rates

(Soliz and Ecton 2023) this study will leverage TAACCCT to understand its effects on the
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market power of community colleges.

A few studies show that public sector college quality and availability can impact for-

pro�t enrollments (Cellini 2009; Goodman and Volz 2020; Acton 2021a). Most recently,

Acton 2021a �nds that students who live within a community college district with signi�-

cant tuition subsidies are less likely to enroll in a for-pro�t college than those who live just

outside of this boundary. In the wake of for-pro�t sanctions, 60-70% of previously enrolled

for-pro�t students enrolled in community colleges (Cellini et al. 2020), showing that for-

pro�t students were able to �nd reasonable substitute programs in community colleges, at

least when facing college closure. These studies highlight the presence of a group of stu-

dents who view community and for-pro�t colleges as viable substitutes, whose enrollment

decisions could be effected by an investment like TAACCCT.

TAACCCT's focus on creating accelerated occupational programs at community col-

leges creates a unique opportunity to test its impact on students considering for-pro�t and

community colleges. TAACCCT led to 2,000 new programs of study likely to be competi-

tive with the adult-focused, occupationally aligned, and short-term credentialing programs

traditionally offered at for-pro�t colleges (Eyster et al. 2017). In this study, I show that

community and for-pro�t colleges compete for a signi�cant overlapping population of stu-

dents, dispelling the idea that for-pro�t colleges serve an entirely separate student niche.

Second, I add to the literature showing that for-pro�t enrollments are sensitive to public

sector funding. Third, I test the impact of a federal institutional investment on community

college market power by measuring selection away from competitor options.

I �nd that 250-400 thousand �rst-time FAFSA applicants were �led to both a public

2-year and for-pro�t college each year from 2008-2020. Community and for-pro�t college

joint-listing FAFSA �lers account for an average of 25% of all entering for-pro�t FAFSA

applicants and 10% of all public 2-year applicants. For-pro�t colleges once enrolled 60%

of co-listing applicants, but in more recent years this proportion is closer to 50%, or equal

with public 2-year colleges. Co-listing applicants are younger than the average for-pro�t
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college student, but lower income and more likely to be female and �rst-generation than

the average community college student.

Funding ranging from $3-5 million per institution targeted toward services for non-

traditional learners raised community college enrollments and shifted students away from

competitor for-pro�t colleges, TAACCCT grants supported community colleges in strate-

gies traditionally adopted by the for-pro�t sector: online, accelerated learning, and supports

for adult and displaced workers. Funding decreased odds that a FAFSA �ler to a commu-

nity college listed a for-pro�t by 4-7 percentage points. Applicants who still took steps to

enroll in public and for-pro�t colleges were up to 4 percentage points more likely to enroll

in a funded community college and equally less likely to enroll in a for-pro�t college.

4.2 Background on the substitution between community colleges and for-pro�ts

The decision to enroll in a for-pro�t is consequential. First, the cost of attendance at a

for-pro�t college is �ve times higher than at a community college (Ma and Pender 2022),

meaning that even while for-pro�t colleges can be adept at securing �nancial aid for stu-

dents, their graduates have twice the amount of debt, or an extra $10,000 than demograph-

ically similar community college entrants (Tucker 2021). Employers also do not favor

for-pro�t degrees over open-access public college degrees or even a high school diploma

(Deming et al. 2012; Darolia et al. 2015; Deming et al. 2016; Bennett 2023). Deming et al.

2016 found much lower employer callback rates for �ctitious resume applicants who had

for-pro�t degrees compared with those listing non-selective public schools. Conditional

on employment, the estimated return to a for-pro�t associate's degree is 4% (Cellini and

Chaudhary 2014), but newer evidence from Missouri suggests earnings returns conditional

on employment could be higher (Jepsen et al. 2021). While for-pro�t students may see

some earnings premia from completion, scholars question whether returns are enough to

offset the additional cost of for-pro�t education to individuals and the public (Cellini and

Koedel 2017).
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Graduates from community colleges generally see higher labor market returns at lower

cost than for-pro�t graduates. Earning a short-term certi�cate, especially those in health

and STEM disciplines, can lead to earnings increases near 20 percent (Xu and Trimble

2014; Carruthers and Sanford 2018; Stevens et al. 2019). Associate's degrees from com-

munity college generally see substantial returns, with individual-level �xed effects models

identifying 14 to 45 percentage point increases in earnings conditional on employment

(Jepsen et al. 2014; Dadgar and Trimble 2015; Minaya and Scott-Clayton 2022b). Asso-

ciate's degrees raised the probability of earning a family sustaining wage by 25 percentage

points for women (Minaya and Scott-Clayton 2022b). Returns to associate's degrees ap-

pear to be driven by human capital accumulation, as evidence shows that the signaling

value of an associate's may be minimal (Odle and Russell 2023). However, completion

and transfer rates at community colleges remain very low, and there is longstanding criti-

cism that navigating pathways to enrollment completion can be cumbersome (Jepsen et al.

2014; Bettinger and Evans 2019; Baker et al. 2021). Part of the staying power of for-pro�t

colleges among adult learners could be driven by the broad, complex offerings from com-

munity colleges compared with the targeted and low barrier to entry programs at for-pro�ts

(Deming et al. 2012).

Given the high cost of for-pro�t colleges with few gains in educational value, why

do students continue to enroll in for-pro�t colleges? Imperfect information about public

sector options or the quality of for-pro�t programs is likely a key driver (Chung 2012;

Goldstein and Eaton 2021). For-pro�t colleges are known to adopt strategies to obfuscate

their reputations, in some cases taking steps to obscure their for-pro�t status altogether (i.e.

American Public University) (Goldstein and Eaton 2021). For-pro�ts have been known for

aggressive recruitment targeted especially at vulnerable students (Cottom 2017). For-pro�t

college students are much more likely to be over 25 years old, working, or raising chil-

dren than students in any other sector (Deming et al. 2013). Understanding interventions

that could impact the enrollment decisions of this demographic could complement policy
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strategies that have traditionally focused on for-pro�t college regulation.

No prior studies have directly measured overlap in community and for-pro�t college

marketplaces, but some substitution between the sectors has been documented in aggre-

gate. After mass closures of for-pro�t colleges resulting from federal sanctions, for-pro�t

students are absorbed into community colleges (Cellini et al. 2020). Using enrollment

patterns of Pell recipients before and after federal sanctions against for-pro�t Title IV eligi-

bility, the authors found that 60-70 percent of enrollment losses in the for-pro�t sector were

offset by increased enrollment at nearby community colleges, and lead to lower rates of de-

fault. Chung 2012 models enrollments decisions across for-pro�t, 2-year, and 4-year, or

no college among 18–26-year-olds in the National Education Longitudinal Study (NELS)

of 1988. Findings suggest that a $400 increase in community college tuition was associ-

ated with a 1 percentage point increase in probability of enrollment in a for-pro�t college.

Unemployment rates were found to have an inverse relationship with for-pro�t enrollment,

though not necessarily substitution between the sectors.

Three studies most similar to my own �nd that investment or disinvestment in higher

education can in�uence whether students enroll in public or for-pro�t colleges. Good-

man and Volz 2020 �nds that a reduction in state appropriations to public colleges resulted

in declines in public enrollment and increases in for-pro�t enrollment that translated to a

marginal rate of substitution between the two sectors of .75. Authors �nd that the decline

in state appropriations was associated with immediate community college spending reduc-

tions on student services and academic support, likely part of the mechanism that induced

students to attend for-pro�ts. Cellini 2009 �nds comparable results in a study of California

increases in appropriations to community colleges. A narrowly passed bond measure of

$100 million was associated with about 700 additional public sector enrollees per county.

For-pro�t colleges closed after bond passage at a rate that suggested they were crowded

out by public-sector funding. Similarly, Acton 2021a �nds that a $1,000 decrease in com-

munity college tuition led to 3 percentage point increase in community college enrollment
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and a 1.9 percentage point decrease in for-pro�t colleges. This evidence would suggest that

there are signi�cant numbers of prospective students at the margins of public and for-pro�t

sectors who are sensitive to public funding, but no prior studies have measured individual-

level preferences for both sectors, which would add more speci�c and nuanced context to

how students trade-off between for-pro�t and public 2-year sectors.

Taken together, the evidence for competition between community and for-pro�t col-

leges suggests that the sectors are likely to share a considerable population prospective

students. Public appropriations (Cellini 2009; Goodman and Volz 2020), tuition subsidies

(Acton 2021a), and for-pro�t sanctions (Cellini et al. 2020) all cause remarkable enroll-

ment reactions between for-pro�t and community college sectors. However, the most com-

pelling causal literature has relied on measuring the impact of shocks on aggregate changes

in enrollments, lacking an individual-level understanding of the margins of for-pro�t and

community college enrollment. I use novel Federal Student Aid data to describe trends in

the demographics of this population, and test whether a federal investment in over 2,000

new community college programs for adult and working learners impacted their enrollment

decisions.

4.2.1 TAACCCT Background

The TAACCCT grant program, a $2.1 billion investment made by the Department of Labor

(DOL) in four competitive rounds from 2011-2014, was the single largest federal institu-

tional investment in community colleges (Cohen et al. 2017). The goals of TAACCCT were

to serve displaced workers through academic training programs that could be completed in

2-years or less. TAACCCT prioritized displaced workers, but as an institutional-level grant,

the funding reached much broader populations. TAACCCT was a notable accompaniment

to other workforce programs led by DOL at the time, which focused on career resources and

vocational rehabilitation (McConnell et al. 2021; Yin et al. 2023). While career resource

interventions generally increase participant employment and earnings, those focused on
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building skills and human capital tend to be most effective (Heinrich et al. 2013; Card et al.

2018), and may work best for those who have some post-secondary education (McConnell

et al. 2021). By investing directly in community college programs, TAACCCT could ben-

e�t a broad group of students including displaced workers (Eyster et al. 2017) and better

enter a market historically served by for-pro�t colleges.

Half of all U.S. community colleges were awarded TAACCCT grant funding to estab-

lish or enhance accelerated educational programs that served displaced workers. Table 4.1

describes the characteristics of colleges treated in each of the four funding rounds, as well

as never funded colleges. Appendix Figure 4.1 lists the four priority areas of TAACCCT:

accelerated programs that can be completed in under 2 years, improving retention through

guidance counseling and career coaches, engaging industry partners to align curriculum,

and adapt coursework to online learning or hybrid options. Preference was given to appli-

cants who could meet the priority areas and who could demonstrate awareness of the needs

of displaced workers through use of labor market data (ETA, 2016). Legislation mandated

0.5% of funds to be distributed to eligible institutions in each state. All grant rounds were

competitive, with a 30% application success rate on average (ETA, 2016). While grantees

were guaranteed in each state, there were varying degrees of buy-in with some states se-

curing TAACCCT funding for every community college over multiple rounds, and others

earning far fewer. Appendix Figure 4.2 maps the location of TAACCCT awarded col-

leges and unfunded comparison colleges, highlighting how buy-in varied across and within

states.
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Table 4.1: Sample Summary Statistics: Institutional characteristics of TAACCCT treated
and untreated public AA-predominant colleges (AY 2010)

Notes: Characteristics of FAFSA applicants and aided enrollees in 2010 by year of �rst TAACCCT award.
Analytic sample of institutions includes all public predominantly AA-degree granting institutions active from
2008-2019. FP = For-pro�t college. Marginal = FAFSA applicant listing for-pro�t and community college.
Source: Federal student aid administrative data.
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Figure 4.1: The four TAACCCT grant priorities with examples for implementation

Notes: TAACCCT Annual Report, 2011. In the �rst grant wave, half of successful proposals emphasized all
four priority areas, and three-quarters included priority one (ETA, 2011).
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Figure 4.2: TAACCCT within-state treatment variation: Geography of TAACCCT
awardees and other public institutions

Notes: Gradient represents the proportion of all 2015 FAFSA sends going to TAACCCT funded institutions
within 5-digit ZIP codes. Point size indicates within-state share of enrollments. Institutional location & sector
data from IPEDS 2015. ZIP codes with under 50 FAFSA sends omitted. Hawaii, Puerto Rico, and Alaska
omitted from this �gure, but present in analyses.

The timeline of TAACCCT grant awards is key to understand how prospective student

application behavior could be in�uenced by funding. For institutions treated in the 2011

grant round of TAACCCT, applications opened in 2010 and were due by January 1 of

2011. In September of 2011, grant winners were announced, which were followed by press

releases in local news sources. FAFSA forms then opened in January of 2012 and were

due by June 30th, 2012 for fall enrollments. During this time, students could apply for new

programs established by TAACCCT. Third party evaluations of TAACCCT funding found

that a considerable proportion of colleges were able to launch new programs of study within

the �rst year (Eyster et al. 2020). I hypothesize that new programs developed as a result

of TAACCCT funding were likely to compete with for-pro�t college programs, as this

sector traditionally specializes in accelerated and labor market aligned programs. Because

community college programs are lower cost, I expect there to be a substitution away from

for-pro�t colleges and toward community colleges which I will measue using FAFSA send
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