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Abstract 
 
Despite significant interest in Career and Technical Education (CTE), little is known about CTE 
teachers. Using ten years of Maryland administrative data, we find that almost one-fifth of CTE 
teachers enter the profession with a high school diploma or associate’s degree, reflecting state policies 
allowing trade/industry professional experience to substitute for higher degrees. Relatedly, CTE 
teachers are roughly twice as likely as non-CTE teachers to enter through alternative licensure 
pathways that bypass traditional teacher education (68% vs. 36%). In Maryland, there is a larger share 
of Black teachers in versus out of CTE (37% vs. 22%), leading to greater race matching opportunities 
for Black students. This pattern extends across nine out of the eleven total CTE career clusters. We 
hypothesize that these patterns are related: decreased barriers to entry may support more Black 
individuals to become CTE teachers, with potential implications for their Black students’ career 
success. 
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Introduction 

Pathways into the teaching profession for Career and Technical Education (CTE) teachers are 

described by scholars as the “wild west” because licensure policies can differ fairly substantially from 

non-CTE teachers (Goldhaber & Theobald, 2024), there is wide variability across states in CTE 

teacher licensure policies (Bonsu et al., 2013; Kelley et al., 2023; Zirkle et al., 2007), and very little 

academic scholarship exists regarding how policy translates into practice (Anglum et al., 2023). This 

gap in the literature is concerning not only because of demand for CTE courses nationwide (Theobald 

et al., 2022) but also because the limited evidence that does exist suggests that CTE teachers’ training 

and pathways into the profession matter substantially for supporting students’ short- and longer-term 

academic and career success (Chen et al., 2023; Theobald et al., 2024). Following a call by Sims (2010) 

and recent exploratory analyses (Author et al., 2022), we further examine the racial/ethnic 

characteristics of CTE teachers—with a particular focus on Black teachers, given our geographic 

context in the mid-Atlantic region in the U.S.—aligning with broader literatures on the importance of 

having a diverse teacher workforce (Bristol & Martin-Fernandez, 2019) and supporting students across 

racial/ethnic groups to access CTE courses and pathways linked to in-demand, high-paying jobs 

(Ecton & Dougherty, 2023). 

Using 10 years (2013 to 2023) of statewide, administrative data from Maryland’s public-school 

system, we extend the handful of prior studies on CTE teachers (Gottfried et al., 2022; Kistler et al., 

2024; Nguyen et al., 2023; Theobald et al., 2024) by asking three questions: (1) What trends in CTE 

course enrollment exist over the past decade—overall and in and specific CTE clusters, as well as by 

race/ethnicity? (2) How has the makeup of the CTE teacher population changed, as evidenced by 

characteristics (e.g., endorsement area, license, highest degree, race/ethnicity) of CTE versus non-

CTE teachers? (3) To what extent do opportunities for teacher-student race/ethnicity matching differ 

between CTE and non-CTE high school courses? The first question sets the context for our primary 
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research questions focused on teacher characteristics and opportunities for students to work with a 

teacher of the same race/ethnicity.  

More specifically, we start by showing that CTE course enrollments have risen over the past 

decade for all students, with similar trends for Black and White students who comprise roughly three-

quarters of the high school student population in Maryland public schools. The largest share of 

enrollments are in CTE clusters focused on business, information technology, and human resource 

services (e.g., training in early childhood and K12 education), with the largest increases over time in 

technology fields. 

Next, by examining incoming degrees and licenses of CTE and non-CTE teachers, we find 

novel and varied pathways into the profession. CTE teachers are substantially more likely than non-

CTE teachers to enter the profession with a high school diploma or associate’s degree (19% versus 

zero). Similarly, amongst teachers for whom we can observe their first year in the classroom, CTE 

teachers are more likely to enter with a “conditional” or “resident teacher” license that allows them to 

work full time while completing requirements for full licensure (68% versus 36% for non-CTE 

teachers). Following other scholarship on CTE teachers (Bonsu et al., 2013; Jacques & Potemski, 2014; 

Zirkle et al., 2019)—and on teacher licenses more broadly (Walsh & Jacobs, 2007)—we categorize 

conditional and resident teacher licenses as “alternative” pathways because they bypass traditional 

(often undergraduate) teacher education.  

Disaggregating patterns into specific CTE certification endorsement areas, we find that 

Professional and Technical Education (PTE) drives much of the overall trend. In Maryland, this 

endorsement area is distinct because it allows individuals to substitute professional experience in a 

variety of trades and industries (common ones include nursing, culinary arts, cosmetology, automative 

technician, law enforcement, construction, information technology, accounting) for higher degrees. 

Similar policies and pathways exist in other states too (Bonsu et al., 2013; Kelley et al., 2023). Pooling 
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data over a decade, we observe that 40% of newly licensed CTE teachers in Maryland have a PTE 

endorsement, and over 90% of these PTE-endorsed teachers enter the profession through an 

alternative pathway. Alternative certification rates are over 50% in several other CTE endorsement 

areas, including Business Education (66%), Family and Consumer Sciences (63%), and Technology 

Education (59%), as well as Computer Science (81%) which, in Maryland, straddles CTE and non-

CTE high school curricula. Time trends over a decade reveal that licensing through an alternative 

pathway has become increasingly common for all newly hired Maryland high school teachers (from 

18% in 2013 to 46% in 2023) and especially for newly hired CTE teachers (from 57% in 2013 to 86% 

in 2023). Together, this evidence aligns with policy goals that aim to provide unique avenues for CTE 

teachers to enter the profession. 

We next examine racial/ethnic characteristics of CTE teachers, compared to broader pools of 

high school teachers, and whether demographic patterns may be related to patterns on teacher degrees 

and licenses. Despite longstanding exploration of the racial/ethnic background of students in CTE 

programs and pathways (e.g., Ecton & Dougherty, 2023; Oakes, 1983), attention to teacher 

race/ethnicity in CTE is far more limited. Questions we explore in this paper related to teacher and 

student race/ethnicity stems largely from recent exploratory work by an overlapping set of authors 

(Gottfried et al., 2022) showing a larger share of Black teachers in STEM-specific CTE courses in 

Maryland, relative to high school courses more broadly. However, other state contexts show different 

patterns (Theobald et al., 2024). We argue that extending this line of inquiry is important given 

longstanding and growing evidence of the impact that same-race/ethnicity teachers have on the short- 

and long-run academic and school-based outcomes of their students (Blazar, 2024; Bristol & Martin-

Fernandez, 2019; Dee, 2004; Gershenson et al., 2022), as well as on students’ career choices (Kofoed 

& mcGovney, 2019). Jacques and Potemski (2014) describe certification and licensure policies that 

allow for high school equivalence and work experience—including Maryland’s PTE endorsement 



 4 

area—to present “low potential for recruitment challenges” (p. 12). This description is similar to other 

scholarship on pathways into teaching for Black and non-Black individuals of color, which argues that 

policies that decrease barriers to entry (e.g., limiting the financial cost, opportunity cost, and time it 

takes to gain a teaching credential and license) are “promising practices” for diversifying the profession 

(Carver-Thomas, 2018; Gist & Bristol, 2022).  

Our analyses on teacher race/ethnicity and opportunities for teacher-student race/ethnicity 

matching focus primarily on Black individuals, who make up roughly 18% of high school teachers 

(compared to 72% White teachers) and roughly 35% of high school students in the state (compared 

to 38% White students). In several analyses, we focus on teachers we observe entering the CTE 

teaching profession for the first time, which includes sizable numbers of Black (n = 481) and White 

(n = 688) new hires over a decade, but fewer than 50 Asian and 50 Hispanic newly hired CTE teachers 

over the same period. Therefore, we are not able to draw strong inferences about these groups of 

Asian and Hispanic teachers, particularly when further decomposing the sample to examine 

endorsement areas, licenses, and degrees of these first-time CTE teachers.  

Consistent with theory described above about addressing barriers to entry into teaching for 

Black and non-Black individuals of color, we document several key findings. There is a larger share of 

Black teachers in CTE in Maryland compared to other high school teachers (37% versus 22%). Black 

CTE teachers make up an even larger share of individuals with a PTE endorsement (40%), where 

barriers to entry may be particularly low. Aligned to these patterns, roughly one-fifth of Black CTE 

teachers enter the profession with a high school diploma or associate’s degree, which is a distinct 

option and pathway available to the PTE endorsement. On average across time, schools, and districts, 

White CTE teachers have similar rates of entry as Black CTE teachers with a high school diploma or 

associate’s degree. However, we observe a statistically significant difference—with a 5 percentage 

point [pp] increase for Black versus White teachers—when making within-school comparisons, likely 
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reflecting, in part, the availability of specific CTE programs of study and courses within certain 

schools. Furthermore, while White teachers see the largest difference in rates of alternative 

certification between CTE and non-CTE (38 pp), Black CTE teachers have the largest absolute rates 

of alternative certification (83%, compared to 61% for Black non-CTE high school teachers and 65% 

for White CTE teachers).  

CTE courses cover a wide variety of topics and may prepare individuals to enter careers with 

different earning potential. Therefore, we further decompose these analyses to examine the 

racial/ethnic characteristics of teachers and students and race/ethnicity-matching for each of 11 career 

clusters. Combining descriptive statistics with regression analyses that include a variety of controls 

(e.g., year, district, school, and student fixed effects) to account for potential confounders (e.g., which 

districts or schools offer specific CTE clusters, and which students enroll in them), we find that, 

compared to non-CTE courses, Black students are more likely to have a Black teacher in courses 

within nine clusters. The largest differences are in Business Management and Finance (22 pp), 

Information Technology (18 pp), Consumer Services, Hospitality, and Tourism (17 pp), Career 

Research and Development (16 pp), and Health and Biosciences (12 pp).  

Together, our descriptive analyses provide insight into the characteristics of CTE teachers and 

their pathways into the profession, the importance of integrating race/ethnicity in discussion of CTE 

teacher licensure and recruitment, and the potential impact that Black CTE teachers may have on the 

future career opportunities of Black students due to race matching in high-demand and high-pay CTE 

career clusters. 

Motivating Literature 

The Evolving Role of CTE in U.S. High Schools 

Over the past 20 years, significant policy attention (e.g., Carl D. Perkins Act of 2006) to CTE 

pathways and courses as a mechanism for boosting college enrollment and career outcomes has led 
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to growing scholarship on this topic (Dougherty, 2023). While the literature base is new and evolving, 

studies document several key findings. CTE programs today are “not your father’s vocational 

education” (Zinth, 2013), meaning that the target audience has developed to include both college-

aspiring students and high school graduates entering the workforce. Nationally, CTE course 

enrollments have held steady over several decades—while decreasing for some student groups in the 

early 2000s—suggesting that some of the negative stigma about career training (Kreisman & Stange, 

2020) has not fully disappeared. However, enrollments have increased in STEM fields (e.g., 

information technology, health) where there is significant workforce demand and opportunity for 

high-wage jobs (Theobald et al., 2022), a trend we see (and show below) in Maryland as well.  

Further, well-designed quantitative, causal studies document meaningful and often substantial 

impacts for students on both margins: college-aspiring and not (for a review, see Dougherty, 2023). 

For example, Brunner et al. (2023) show that attending a CTE high school boosts male students’ high 

school graduation and average quarterly earnings, with most of the effects attributed to students who 

transitioned to the workforce within one or two years after high school. In Maryland, the context of 

this study, access to a CTE program aimed at preparing future teachers increases high school 

graduation and four-year college-going amongst females, with substantial wage effects for Black 

females (Author et al., 2024). 

Characteristics of CTE Teachers 

Positive impacts on students naturally raise questions about mechanisms and increase 

attention on CTE teachers. Like broader scholarship on the importance of teachers to student 

outcomes (Hanushek & Rivkin, 2010; Jackson, 2018), the characteristics and experiences of CTE 

teachers matter too. Chen et al. (2023) show that, in Massachusetts, CTE teachers who earn higher 

scores on subject-specific licensure tests produce higher longer-run earnings for their students, 

echoing other scholarship linking non-CTE teachers’ subject knowledge to student outcomes (Metzler 
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& Woessmann, 2012). In Washington state, CTE teachers who enter the profession through the state’s 

Business and Industry pathway—rather than a traditional certification program—outperform their 

colleagues in terms of contributions to students’ non-tested outcomes (e.g., absences, suspensions). 

This finding suggests that work experience of CTE teachers may be more important for improving 

some student outcomes than knowledge gained in a traditional teacher education program. Relatedly, 

Kistler et al. (2024) show that teachers in hard-to-staff CTE areas, such as health science, information 

technology, and STEM, are more likely than their colleagues to leave teaching and are difficult to 

replace, leading to gaps in demand for seats in courses and supply of eligible teachers to teach these 

courses. 

Though limited, this evidence provides some empirical justification for CTE-specific teacher 

licensure policies that can differ substantially from policies for non-CTE teachers. Some scholars 

describe the “traditional” teacher licensure process as a method of matching course titles on a 

transcript to a list of state-approved courses, failing to consider that the knowledge and skills needed 

to actually teach a course could be obtained non-academically including through workplace experience 

(Walsh, 2001). Historically, work experience was the main factor in CTE certifications due to a 

stipulation in the Smith-Hughes Act of 1917 that only personnel with practical work experience could 

teach in federally reimbursed programs (Miller, 1982). Unsurprisingly, in 1994, more than 45% of 

secondary trade and industrial education teachers did not have bachelor’s degrees (Lynch, 1996). For 

non-CTE teachers, “alternative” certification pathways still require bachelor’s degrees, just not in 

teacher education, and hands-on work experience comes from teaching full time while pursuing 

necessary requirements for full licensure (e.g., coursework, testing) (Walsh & Jacobs, 2007). 

Today, almost every state allows the alternative credentialing of CTE teachers, primarily 

choosing to substitute years of occupational experience for higher levels of formal education (Bonsu 

et al., 2013). Policy tracking from Education Commission of the States identifies five categories of 
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requirements to become a CTE teacher today (Kelley et al., 2023): 48 states place an emphasis on 

work experience, including specified hours/years of relevant experience; 45 states have degree 

requirements, though not always at or above the bachelor’s level (as traditional teacher education 

programs do); 41 states require teacher or CTE training, including completion of professional 

development or other pedagogical training; 26 states seek certification, including industry-recognized 

licenses; and 17 states require assessments, including completion of testing in CTE subject matter or 

content area expertise. By emphasizing subject-matter expertise through accumulated experience and 

decreasing emphasis on specific types of education, CTE pathways align with some scholars’ concerns 

that would-be qualified teachers are deterred from the career path due to the very restrictions that are 

in place, particularly around testing (Goldhaber & Hansen, 2010; Petchauer & Baker-Doyle, 2019). 

In Maryland, state CTE licensure policies are on the lower end of restrictiveness (Jacques & 

Potemski, 2014). While teacher licenses in Maryland generally require a completed bachelor’s degree 

and passing scores on an accepted standardized exam such as the Praxis I, there is variation in the 

amount of prior professional experience with which candidates enter. However, the PTE endorsement 

area within CTE is the exception to this rule. Prospective teacher candidates can enter with an 

associate’s degree and two years of previous occupational experience in the career area to be taught, 

or with a high school diploma (or equivalent) and official verification of three years of occupational 

experience (13A CMR § 12.02.15). Unsurprisingly, then, we show below that a PTE endorsement 

often is associated with an alternative pathway into the profession that bypasses traditional teacher 

education. Below, we also map the PTE endorsement at the teacher level to different career cluster 

options for students. 

There are two types of alternative licenses in Maryland: conditional and resident teacher. Both 

allow individuals to work full-time for at least two years while completing additional requirements for 

full licensure. The key distinction between the two pathways is that resident teacher licenses are 
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associated with state-approved alternative preparation programs (e.g., Teach for America), while 

conditional licenses generally are not associated with a program. Districts hire conditionally licensed 

teachers, who then must find a pathway to complete required coursework and tests prior to advancing 

to full licensure. In Maryland, conditional licenses are quite common, while resident teacher licenses 

are less common.  

Filling Gaps in the Literature 

Within this literature base, we aim to make two contributions. First, despite documentation 

on the varied ways that CTE teachers can enter the profession, we know very little about how these 

policies play out in practice. Theobald et al. (2024) document patterns in Washington state, where 

roughly 25% of CTE teachers enter with a bachelor’s degree and roughly 15% without any degree. 

Depending on the grade level, 40-50% of CTE teachers enter through the states’ Business and 

Industry pathway, which is similar in spirit to Maryland’s PTE endorsement area. These teachers also 

are more likely to enter without a college degree compared to traditionally licensed CTE teachers 

(roughly 36% versus 5%). Nguyen et al. (2023) also examine characteristics of CTE teachers, with the 

benefit of national data, but focus on broad categories (e.g., graduate degree, CTE qualification) that 

do not align entirely with details from policy tracking. Assessing the state of the CTE teacher literature 

as a whole, Anglum et al. (2023) argue that, “...our understanding of the current workforce and training 

needs of CTE teachers is insufficient to inform necessary action. Failing to build our collective 

knowledge could undermine the overarching objectives of the CTE movement—to ensure students 

are sufficiently prepared to meet their own future workforce needs” (p. 21). Our study aims to address 

this concern, with detailed descriptive analyses on Maryland CTE teachers and how they compare to 

non-CTE high school teachers. 

Second, as discussion on CTE teachers grows, we argue that one piece of the story is largely 

missing: race/ethnicity. Sims (2010) makes a similar argument in a short commentary, but without 
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companion empirical analyses. In the broader literature on teachers, alternative pathways and 

certification processes are described amongst the “promising practices” for diversifying the teacher 

workforce (Carver-Thomas, 2018; Gist & Bristol, 2022), and may be important for prospective Black 

and non-Black teachers of color for several reasons. Many first-generation Black and non-Black 

college students of color face acute economic challenges that make it unfeasible to major in teaching, 

which requires up-front capital (Harper & Griffin, 2010). Traditional licensure and testing processes 

also are shown to be a deterrent for Black and other teacher candidates of color who may otherwise 

be successful in the classroom (Goldhaber & Hansen, 2010; Petchauer & Baker-Doyle, 2019), not to 

mention broader systemic racial biases and barriers in traditional teacher education programs (Chávez-

Moreno et al., 2022). Conversely, alternative routes to teacher certification and licensure can provide 

re-entry points to the pathway from K12 to college and career, fast-track licensure earning time, and, 

thus, more readily support Black and non-Black individuals of color to balance employment with 

course obligations and other opportunity costs of teacher education programs (Bergey et al., 2019; 

Dinkins & Thomas, 2016). Indeed, descriptive analyses show that in Maryland (Author et al., 2024), 

Massachusetts (Bacher-Hicks et al., 2023), and Washington state (Backes & Goldhaber, 2023), there 

is substantially more diversity in recruitment pathways where barriers to entry are low.  

While the literature on decreasing barriers to entry for prospective Black and non-Black 

teachers of color generally has focused on teaching as a whole, there are some hints in existing 

scholarship that CTE licensure and certification pathways may be particularly fertile ground. Theobald 

et al. (2024) show that Black individuals comprise a larger share of CTE teachers certified in the 

Business and Industry pathway compared to traditional teacher education programs (1.9% versus 

0.7%), though the share of Black teachers in Washington state as a whole and in their CTE program 

is quite low. In Maryland, the share of Black teachers overall is much higher (18% in public high 

schools), and Author et al. (2022) show that there is a larger share of Black individuals who teach in 
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STEM-focused CTE areas (23% to 30%, depending on teachers’ course load and specific CTE subject 

area). However, this study does not examine the entering pathways, licenses, and degrees of teachers 

and how these differed by CTE status and race/ethnicity. Our study builds on this work to examine 

characteristics of CTE teachers, how these differ from non-CTE teachers, and how they also vary 

across race/ethnicity groups. 

Data and Methods 

 Our analyses draw on statewide, administrative public-school data from Maryland, which we 

access through the Maryland Longitudinal Data System Center (MLDS). The data system includes 

records for all teachers and students in Maryland beginning in the 2008-09 school year. We limit the 

broader population data by first focusing on high schools, the context in which CTE courses are 

offered. To define CTE teachers, we leverage course roster data, which is available statewide starting 

in 2012-13. We include data through the 2022-23 school year, which (at the time of writing) is the 

most recent year of available data to link teachers to course records and to students.1  

 We define CTE teachers as those whose course load in any given year is at least 50% CTE.2 

In the data, courses are flagged by the State Department of Education as associated with one of the 

11 career clusters, and we count all of these within our definition of CTE courses. The career clusters 

include: (1) Arts, Media, and Communications; (2) Business Management and Finance; (3) Career 

Research and Development; (4) Construction and Development; (5) Consumer Services, Hospitality, 

and Tourism; (6) Environmental, Agriculture, and Natural Resources; (7) Health and Biosciences; (8) 

Human Resource Services; (9) Information Technology; (10) Manufacturing, Engineering, and 

Technology; and (11) Transportation Technologies. Our approach is similar to Nguyen et al.  (2023), 

who identify CTE teachers as those whose main teaching assignments include classes in a federally 

 
1 We are not aware of any formal policy changes to CTE pathways due to the COVID-19 pandemic. 
2 Broadening the definition to include individuals who teach at least one CTE course or narrowing to those who teach 
100% CTE courses does not change our results. 
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defined CTE career cluster (which are similar to Maryland’s). We also narrow the group of CTE 

teachers to those who have a specific “teacher” code in human resources data. Although a small subset 

(6%) of non-teachers (e.g., school counselors, administrators) teach CTE courses, this restriction 

ensures that we have consistent information about entering pathways and licenses, which differ 

between teachers and other school-based staff. 

 In our analytic sample, we start with the full population of Maryland high school students (n 

= 3,123,738 student-years) and their teachers from 2012-13 through 2022-23. When examining 

characteristics of CTE teachers, we are primarily interested in new teachers who enter the profession 

sometime between the 2013 and 2023 school year (n = 11,031 unique high school teachers and 1,302 

unique CTE teachers), for whom we can observe CTE teaching status at time of entry as well as their 

entering certification endorsement area, license, and degree. In some analyses focused on 

race/ethnicity—which we have for all teachers—we also make comparisons between all high school 

teachers (n = 180,318 teacher-years and 34,716 unique teachers) and all CTE teachers (n = 17,724 

teacher-years and 4,390 unique CTE teachers).  

 Our analyses are descriptive. Following the research questions described in the Introduction, 

the first set of analyses examine trends in enrollment for CTE courses—overall and in specific career 

clusters—amongst high school students and evolution over a decade, as well as variation by 

race/ethnicity. Next, we turn our attention to the primary purpose of our analyses: the population of 

CTE teachers. We start by examining characteristics (e.g., endorsement area, license, degree, 

race/ethnicity) of CTE teachers for whom we can observe their first year in the classroom. We 

examine trends over time and pooled across a decade of data.  

We extend these analyses to examine differences between CTE and non-CTE, supplementing 

basic summary statistics with regression analyses that control for factors that may serve as 

confounders. For example:  
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𝐸𝑛𝑡𝑟𝑦𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐!"# = 𝛽𝐶𝑇𝐸! + 𝛿𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐! + 𝛾" + 𝜋# + 𝜀!"# 

Here, 𝛽 provides an estimate of the difference in the share of teachers with a given entry characteristic 

(e.g., alternatively certified) between CTE and non-CTE teachers, similar to what we estimate with 

basic tabulations. However, in the regression framework, the between-group difference accounts for 

background teacher characteristics (i.e., gender, age); year fixed effects, 𝛾" , help account for labor 

market conditions and hiring in a specific year; district fixed effects, 𝜋#, serve a similar purpose and 

further help account for the possibility that CTE programs may operate in larger school systems that 

also tend to have large shares of Black teachers. In some models, we include school fixed effects 

instead of district fixed effects to account for non-random sorting of teachers across schools that also 

likely vary in the availability of certain CTE programs of study. In all models, the dependent variable 

is dichotomous. Our linear probability models have empirical justification (Woolridge, 2013) and 

provide estimates of between-group differences in percentage point units that are easy to interpret 

(and align with our descriptive analyses). 

Finally, we examine opportunities for student-teacher race/ethnicity matching in/out of CTE, 

overall and by career cluster, applying the same sensitivity tests as with the teacher-level analyses. To 

do so, we restrict the sample by student race/ethnicity, focusing most prominently on Black students, 

and adapt the equation above so that the dependent variable is an indicator for whether the teacher is 

the same race/ethnicity as the student. Here, 𝛽 captures the differences in the likelihood that a student 

of a particular race/ethnicity has a teacher of the same race/ethnicity in versus out of CTE. We 

preference models with school fixed effects, to account for sorting of students and teachers across 

schools. We also examine the sensitivity of our estimates to inclusion of student fixed effects, which 

make within-student comparisons. In these analyses, we cluster standard errors at the student level, as 

each student shows up more than once in our dataset. 

Results 
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Student Enrollment in CTE Courses Over Time 

 In Figure 1, we show trends in CTE course enrollments over a decade. In the top panel, we 

show the proportion of all public-school students enrolled in any CTE course over their high school 

career, disaggregated by race/ethnicity. For all groups, the share of students taking a CTE course has 

increased over time, from 40% in the 2012-13 school year to 53% in 2022-23. The slight decline in 

2016 largely reflects shifts the state’s course management system, with a slight reclassification to CTE 

courses in that year. Enrollments are similar between Black and White students, slightly higher for 

Asian students in the most recent years, and roughly 10 pp lower for Hispanic students. 

 In the bottom panel of Figure 1, we examine the share of CTE enrollments within each of the 

11 career clusters in the state. We observe the largest increase over time for the Information 

Technology cluster, with just over 15% of CTE takers enrolled in a course in this cluster in the 2022-

23 school year. In 2017, Information Technology surpassed Business Management and Finance, 

which, before that, accounted for the largest share of enrollments (roughly 9%). Enrollments in this 

cluster also have increased over time (to roughly 11% in 2013). Human Resource Services (which 

primarily includes training in early childhood and K12 education and other areas) and Manufacturing, 

Engineering, and Technology are the third and fourth largest clusters, holding steady over a decade at 

roughly 8% of CTE course takers. The largest decrease over time can be seen in Consumer Services, 

Hospitality, and Tourism. Time trends are similar when disaggregated by race/ethnicity (see Appendix 

Figure 1), particularly for Black and White students who make up roughly three-quarters of students 

in the state. 

 In Figure 2, we pool data across the ten-year period to examine the share of CTE students 

within each cluster who are Black versus White. Figures for Asian and Hispanic students, who make 

much a much smaller share of high school students in Maryland, are in Appendix Figure 2. The 

horizontal dashed line identifies the share of students of a particular race/ethnicity in the broader high 
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school population. We observe that, relative to their share in non-CTE courses (34%; shown with the 

horizontal dashed line), Black students are overrepresented in Business Management and Finance 

(39%); Career Research and Development (48%); Consumer Services, Hospitality, and Tourism 

(44%); Health and Biosciences (39%); and Information Technology (37%). Patterns for White 

students are reversed, reflecting the fact that Black and White students make up over 70% of the 

Maryland student population in and out of CTE. 

 Student enrollment in CTE courses is a function of interest and personal preferences, as well 

as availability of CTE courses across schools and districts. (In some districts in Maryland, students 

can take CTE courses outside of their home/neighborhood school, generally at a centralized CTE 

center, while in others they can only take a course provided by their home school.) We cannot separate 

interest from availability, as we only can track enrollments in CTE courses. Nonetheless, descriptives 

on enrollments in CTE overall and by cluster across districts and schools—and schools with different 

racial/ethnic characteristics—provide insight into the distribution of CTE across the state. 

All 24 local education agencies in the state have enrollments in (almost) all CTE clusters at 

least some point in the time frame of our analyses. One small and rural district did not enroll students 

in four out of 11 career clusters, while three more do not enroll students in one each. Out of the 410 

unique schools that enrolled high school students, 71% enrolled students in at least one CTE 

course/cluster over the 10-year panel. Transportation technologies is the least commonly enrolled at 

13% of high schools—followed by Construction and Development at 22%—while Information 

Technology is the most common, at 64% of schools—followed by Manufacturing, Human Resource 

Services, Business, and Career Development each at 52% to 54% of schools.  

In Appendix Table 1, we further examine whether enrollments at the school-year level are 

related to the racial/ethnic characteristics of the student (and teacher) bodies, which we find they are. 

Schools with larger shares of Black students are less likely to have any enrollments in CTE, driven by 
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Environmental, Agriculture, and Natural Resources; Human Resource Services; Information 

Technology; and Manufacturing, Engineering, and Technology. These findings suggest that the 

overrepresentation of Black students in several CTE clusters (Figure 2) is potentially in spite of 

decreased availability. Characteristics of teachers may be a possible mechanism or explanation. 

CTE Teacher Population: Characteristics of Newly Hired Teachers 

 In our primary analyses, we examine the characteristics of new teachers who teach these CTE 

courses. We start these analyses by looking at trends pooled across the 10-year period, given that our 

interest is to examine relationships between characteristics (i.e., how teacher certification endorsement 

areas map to the career clusters they teach, how certification endorsement areas align with entry 

degrees and licenses) that are more easily observed in pooled data. Afterward, we turn to time trends 

in teacher characteristics. 

Certification Endorsement Areas, Licenses, and Degrees. In Table 1, we examine CTE 

teachers’ certification endorsement areas, license/certificate type, and highest degree. The most 

common certification area amongst Maryland’s CTE teachers is Professional and Technical Education 

(PTE; 40%), which equips individuals to teach in all 11 career clusters in the state (depending on a 

teacher’s specific professional experience and alignment to a career cluster’s content); we map PTE 

and all other endorsement areas to career clusters below. Other CTE-specific certification areas 

include Business Education (14%), Technology Education (6%), Family and Consumer Sciences (6%), 

and Agriculture (3%).3  

 In Maryland, teachers also can teach CTE classes with CTE-adjacent certification areas that 

align with a specific cluster. For example, to teach courses in the Health and Biosciences cluster, 

teachers can receive certification in Biology or Chemistry, in addition to PTE or Technology 

 
3 In Maryland, there are two additional CTE-specific endorsement areas, which we pool with others to avoid small cell 
sizes that require suppression: we include Marketing with Business Education and Environmental Science with Agriculture. 



 17 

Education. The Computer Science endorsement area also allows teachers to teach CTE classes, in 

addition to computer science courses not classified under CTE. Together, 18% of entering CTE 

teachers hold CTE-adjacent certification endorsements: Computer Science (6%), Life and Physical 

Sciences (combined into one group; 3%), Mathematics (3%), Art (3%), and Health and Physical 

Education (2%).  

 We also observe that some teachers teach 50% or more CTE courses in their first year as a 

teacher but enter the profession with a certification not associated with CTE. These areas include: 

Social Studies (3%), Special Education (3%), Elementary Education (1%), English, Reading, and 

ESOL (combined into one group; 1%). There also are a small share of individuals missing certification 

area (5%) and a smattering of other non-teaching certificates (less than 1%). It is possible that teachers 

may have multiple unobservable endorsement areas; the data system only tracks primary 

endorsements. That said, these patterns are similar to national data showing that, in the same time 

period, 12% to 16% of teachers teaching CTE did not have a CTE qualification (Nguyen et al., 2023). 

 In Appendix Table 2, we map endorsement areas of CTE teachers to the specific career 

clusters they teach, which provides more detail on what a specific endorsement equips them to teach. 

Intuitively, Business Education is the most common endorsement area amongst CTE teachers who 

teach in the Business Management and Finance cluster (59%), while the Agriculture endorsement is 

the most common in the Environmental, Agriculture, and Natural Resources cluster (58%). PTE is 

the most common endorsement in the Construction and Development (81%) Consumer Services, 

Hospitality, and Tourism (60%), Health and Biosciences (71%), Human Resource Services (36%), and 

Transportation Technologies (94%) clusters, highlighting the different trades and industries that this 

endorsement area pulls from. Both career clusters with a focus on technology—Information 

Technology and Manufacturing, Engineering, and Technology—draw CTE teachers with 

endorsement areas in PTE, Technology Education, and Computer Science.  
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 Table 1 also tracks teachers’ entering license and highest degree, by endorsement area. To 

start, we include three license types: traditional, conditional, and resident teacher, where the latter two 

both fall under the category of “alternative”. Conditional certificates are very common amongst PTE-

certified teachers (91%), but also are common in several other CTE-specific endorsement areas (e.g., 

66% in Business Education, 54% in Technology Education, 59% in Family and Computer Sciences) 

as well as in Computer Science (78%) which overlaps with CTE and non-CTE. Resident teacher 

certificates are not observed at all for PTE-certified teachers. This finding indicates that none of the 

state-approved alternative certification programs in Maryland train and certify PTE teachers, 

consistent with PTE’s emphasis on work experience outside of a teacher education program. 

Conversely, resident teacher certificates are more common in some CTE-adjacent certification 

endorsement areas (e.g., 5% for Mathematics), while conditional certificates are slightly less common 

(e.g., 27% for Mathematics and 19% for Life and Physical Sciences). Closely aligned to state policy, 

PTE-certified teachers can and do enter with a high school diploma or associate’s degree (47%). 

Bachelor’s degrees are the most common entry point for other certification endorsement areas. 

 We visualize these patterns in Figure 3. For parsimony, we categorize the 16 endorsement 

areas into four groups: (1) PTE, which is unique from other CTE areas because of the ability to 

substitute professional experience for higher degrees; (2) other CTE-specific endorsement areas, 

excluding PTE (e.g., Business Education, Technology Education); (3) CTE-adjacent endorsement 

areas meant to support individuals to teach both CTE and non-CTE classes (e.g., Computer Science, 

Life and Physical Sciences, Mathematics); and (4) non-CTE endorsement areas. We also group 

conditional and resident teacher certificates into one “alternative” certification category. We observe 

that high school diplomas and associate’s degrees are observed almost exclusively amongst PTE-

certified teachers, and master’s degrees become increasingly common across the next three groups of 
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teachers. Similarly, traditional certification is rare amongst PTE-certified teachers and increasingly 

common across the next three groups of teachers. 

 Teacher Race/Ethnicity. We extend these initial findings by disaggregating patterns by 

teacher race/ethnicity. Here, we focus on Black and White teachers for whom we have large numbers 

of new hires. We group Asian, Hispanic, and other race/ethnicity teachers into one category given 

limited sample sizes for each, recognizing that the very coarse nature of this category does not support 

inferences about any individual group.  

In Table 2, we show that 37% of newly hired CTE teachers are Black and 53% are White, 

compared to 21% Black and 63% White of new high school teachers in other content areas. Figure 2 

disaggregates these trends by career cluster—matching the analyses for student demographic 

representation in/out of CTE—and extends the sample to include all high school CTE teachers 

(rather than newly hired teachers). Compared to the broad population of all high school teachers 

(horizontal dashed line) where 17% of teachers are Black, Black CTE teachers are overrepresented in 

Business Management and Finance (33%); Career Research and Development (31%); Consumer 

Services, Hospitality, and Tourism (33%); Health and Biosciences (22%); Human Resource Services 

(18%); and Information Technology (25%). These are largely the same career clusters where Black 

students are overrepresented, foreshadowing analyses that examine teacher-student race/ethnicity 

matching (see below). 

In Table 2 and the bottom panels of Figure 3, we observe that PTE certifications are the most 

common amongst both Black and White CTE teachers (44% and 40%, respectively). However, Black 

CTE teachers are more likely than White CTE teachers to have a CTE-specific endorsement area that 

includes PTE and other areas (74% versus 69%). Black and White CTE teachers have similar rates of 

entering the profession with a high school diploma or associate’s degree (roughly 20%), while Black 
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CTE teachers have much larger rates of entering the profession through an alternative pathway and 

with a conditional or resident teacher license (83% compared to 65% for White teachers).  

Time Trends. In Figure 4, we examine time trends in CTE teacher characteristics. The top 

left panel shows counts of all new high school teachers per year (average of 1,100, except for the 2020-

21 school year during the COVID-19 pandemic)4 and counts of new CTE teachers (average of 118, 

or roughly 10% of all new hires). The share of new hires that are White decreased from 74% to 54%, 

while the share of Black new hires increased from 17% to 28%. However, in the top right panel, we 

show that the race/ethnicity of newly hired CTE teachers has been steadier over time, compared to 

all high school teachers. In the bottom left panel, we show time trends for the endorsement areas of 

new CTE teachers. Here, we include all five endorsement areas that are unique to CTE, as well as 

Computer Science, which is the most common endorsement area amongst those that overlap between 

CTE and non-CTE. In every year, PTE comprises the largest share of endorsement areas, though has 

declined over time (from roughly 50% in 2013 to roughly 35% in 2023) as Business Education has 

grown (from roughly 8% to roughly 20%). The share of CTE teachers with a Computer Science 

endorsement also has grown substantially over time (from close to zero to roughly 10%). Finally, the 

bottom right panel of Figure 4 shows times trends in licenses and degrees. Conditional licenses make 

up over 50% of new CTE teachers in every year, but over 80% in the most recent years. Following 

the downward trend in PTE endorsements over time, we also see are slight downward trend in the 

share of CTE teachers entering with a high school diploma or associate’s degree. 

Accounting for Potential Confounders. While our descriptive analyses do not attempt to 

support causal claims, between-group differences may lead to incorrect conclusions if there are factors 

related to CTE program rollout and teacher hiring. For example, the time trends shown above indicate 

 
4 The top-left panel of Figure 4 indicates an interesting pattern: the number of new teachers in the state dropped 
immediately after the start of the COVID-19 pandemic. However, this pattern did not hold true for CTE but rather held 
steady. We are not aware of a state policy that explains this pattern and, as such, bears some fruit for future research.  
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that time may serve as a potential confounder. Further, the availability of certain CTE programs likely 

depends on common industries and businesses in the surrounding area of a district or school, as well 

as the presence of colleges and universities that train students for these industries. It also is possible 

that CTE programs operate in larger school systems that have larger shares of Black teachers. Indeed, 

in Appendix Table 1, we show that the share of teachers from different racial/ethnic backgrounds in 

a given school and year—above and beyond the share of students from different racial/ethnic 

backgrounds—is correlated with student enrollments (and potential offerings) of specific CTE 

clusters. However, these patterns are driven, in pattern, by districts. 

Therefore, in the next set of analyses, we formalize between-group differences in teacher 

characteristics—across race/ethnicity groups and in/out of CTE—in a regression framework that 

controls for other observable background characteristics of teachers (i.e., gender, age, and experience), 

year fixed effects, and either district or school fixed effects. In Table 3, we first examine differences 

in teacher race/ethnicity in CTE—pooling across all clusters—versus the broader population of high 

school teachers. The top panel focuses on newly hired teachers that are a focus of most of our analyses, 

while the bottom panel includes all high school teachers. In the first, naïve model that excludes all 

controls, we estimate a statistically significant difference of 16 pp in the share of Black teachers in 

CTE versus non-CTE for newly hired teachers (the same as in Table 2) and 8 pp for all high school 

teachers (the same as Figure 2). Accounting for background teacher characteristics shrinks the 

between-group difference slightly, while adding district or school fixed effects increase the difference 

slightly. In contrast, White teachers are slightly underrepresented in CTE, at least when pooling across 

clusters. In the top panel, we present results for a third pooled group of Asian, Hispanic, and other 

race teachers (given small sample sizes for each group amongst newly hired CTE teachers). In the 

bottom panel that includes all high school teachers, we have sufficient sample sizes to disaggregate by 

group.  
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Table 4 provides estimates of between-group differences in entry characteristics (i.e., 

endorsement area, license, degree) that are only observed for newly hired teachers. We include 

interactions between teacher race/ethnicity and CTE to simultaneously estimate differences in entry 

characteristics across these two dimensions. We focus on models that include district or school fixed 

effects, as well as year fixed effects and background teacher characteristics. Overall, results substantiate 

patterns shown in the descriptive analyses. There is a large difference between CTE and non-CTE in 

the share of teachers with a PTE endorsement, which is mechanical, since PTE does not equip 

teachers to teach non-CTE courses. Similarly, there is a large increase of roughly 30 pp to 38 pp in the 

share of teachers who enter the profession through an alternative pathway (largely with a conditional 

license), as well as a large difference of 12 pp to 22 pp in the share of teachers who enter with a high 

school diploma or associate’s degree (aligned to the patterns on PTE).  

Examining differences by race/ethnicity requires attention to the coefficients on 

race/ethnicity and the interaction between race/ethnicity and CTE. For the likelihood of having a 

PTE endorsement, in the model with district fixed effects, the coefficient on the interaction term is 

small and not statistically significant while the coefficient on a dummy indicator for whether teachers 

are Black (versus White) is positive and statistically significant but small, at roughly 1 pp to 1.5 pp. 

The sum of these two coefficients provides an estimate of the difference in PTE endorsements 

between Black versus White CTE teachers, which is not statistically significant in the first model (see 

p-values on the bottom of Table 4). However, when we swap in school fixed effects to replace district 

fixed effects, we find a statistically significant difference between Black and White CTE teachers. 

These patterns likely reflect the availability of certain CTE programs, as well as the sorting of teachers 

from different backgrounds across schools. Accounting for school fixed effects limits these potential 

confounders. Patterns for between-group differences in the likelihood of entering the profession with 

a high school diploma or associate’s degree are similar, given that this option is only available for the 
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PTE endorsement. More specifically, when we include school fixed effects, we observe a roughly 5 

pp difference between Black and White CTE teachers in the likelihood of entering the profession with 

a high school diploma or associate’s degree.  

Lastly, we observe a large and statistically significant difference of 30 pp to 38 pp between 

CTE and non-CTE in rates of entry into the profession through an alternative pathway (namely, with 

a conditional license). On average across CTE and non-CTE, Black teachers are more likely than 

White teachers to enter the profession through an alternative pathway. The coefficients on the 

interaction between Black teachers and CTE are consistently negative, reflecting the fact that White 

teachers see the largest increase in alternative certification rates between CTE and non-CTE. 

However, summing the interaction term with the coefficients on Black teacher indicates that Black 

CTE teachers have higher rates of alternative certification than White CTE teachers, and these 

differences are large and statistically significant no matter the control set. 

Student-Teacher Race/Ethnicity Matching 

 In our third set of analyses, we examine opportunities for student-teacher race/ethnicity 

matching. Table 5 shows estimates from regression models that estimate mean differences in 

race/ethnicity matching between CTE and non-CTE courses, for CTE overall and by cluster. We 

conduct these analyses in a student-course-year dataset. Because our focus here is on students’ 

experiences, we include all teachers rather than focusing solely on newly hired teachers. (These 

analyses do not require information on endorsements, licenses, and degrees from teachers’ entry year.) 

As such, we show estimates for Black and White students, as well as for Asian and Hispanic students. 

Estimates can be interpreted as the percentage point difference in the share of CTE versus non-CTE 

courses that have a race/ethnicity match between students and teachers. To account for the correlation 

between schools’ racial/ethnic makeup and overall CTE enrollments (Appendix Table 1) and, more 

broadly, the non-random sorting of students, teachers, and CTE programs across schools, we show 
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estimates from models that control for year fixed effects and school fixed effects. We also show 

estimates from models that add student fixed effects and thus make within-student comparisons, 

though these estimates are fairly similar to the models that exclude student fixed effects. 

 We find that Black students are more likely to have a Black teacher in CTE than outside of 

CTE, with an absolute difference of 15 percentage points. In other words, for Black students, roughly 

one out of four non-CTE courses are taught by a Black teacher. In CTE, this likelihood increases to 

roughly one out of two. As another benchmark for interpretation, we consider the share of Black 

students who only encounter a race-matched teacher in CTE. On average, 81% of Black high school 

students have a race-matched teacher in any of their classes, across all years of high school, compared 

to 99% of White students. Race-matching is common for Black students in Maryland, given its unique 

demographic makeup in the mid-Atlantic region; however, it is much less common than for White 

students. On average, Black students have a total of 5.5 courses with a race-matched teacher, 10% of 

which come from CTE. White students have twice as many courses with a race-matched teacher over 

the course of high school, compared to Black students, also with roughly 10% coming from CTE. 

However, 3% of Black students only have a race-matched teacher in CTE, compared to less than 1% 

of White students. In other words, access to Black teachers for Black students vis-à-vis CTE operates 

both on the extensive margin (having any Black teachers) and the intensive margin (how many Black 

teachers), but with larger increases in the latter. 

These patterns in increased access to Black teachers for Black students in CTE hold across 

models with/without student fixed effects, and for nine out of 11 career clusters. The largest 

differences are in Business Management and Finance (22 pp, relative to non-CTE courses), 

Information Technology (18 pp), Consumer Services, Hospitality, and Tourism (17 pp), Career 

Research and Development (16 pp), and Health and Biosciences (12 pp). For Transportation 

Technologies, we find no difference in race-matching rates for Black students relative to non-CTE 
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courses. In Environmental, Agriculture, and Natural Resources, we observe a decreased likelihood of 

race-matching for Black students (11 pp). Conversely, White students have an increased likelihood of 

race-matching in this cluster (5 pp), even though they are less likely to have a race-matched teacher in 

CTE versus non-CTE pooling across clusters (2 pp).  

Like White students, differences in race/ethnicity-matching rates between CTE and non-CTE 

are similarly small for Asian and Hispanic students. The fact that race/ethnicity matching rates for 

Asian and Hispanic students are often lower in CTE is partially a function of who teaches CTE, but 

also a function of students who take CTE courses. Across our analyses, we find that Hispanic students 

are underrepresented in CTE, overall and across clusters (see Figure 1 and Appendix Figure 2); the 

same is true for Hispanic teachers (see Appendix Figure 2). There may be a “chicken and egg” problem 

here, or the patterns may be mutually reinforcing.  

Discussion and Conclusion 

 Our analyses, which draw on statewide data from Maryland, identify several important 

patterns. CTE teachers are certified in several endorsement areas, with the plurality of individuals 

(40%) entering under the PTE area that has unique requirements under state law. Indeed, a large share 

(47%) of PTE-certified teachers enter with a high school diploma or associate’s degree, and a large 

majority (91%) have a conditional license that implies an alternative avenue into the profession that 

bypasses traditional teacher education. Because PTE is the most common certification endorsement 

area, it drives patterns across all CTE teachers. These patterns are fairly similar to those found by 

Theobald et al. (2024) in Washington state, whose Business and Industry pathway provides similar 

affordances as the PTE pathway in Maryland. 

 We also document that PTE endorsements are particularly common amongst Black (43%) 

CTE teachers. When comparing Black versus White teachers in the same school, we estimate a 

statistically significant 11 pp difference in the rate of entry to the profession with a PTE endorsement, 
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as well as a 5 pp difference in rates of entry with a high school diploma or associate’s degree. Again, 

Theobald et al. (2024) document similar patterns in their study, though the overall share of Black and 

non-Black teachers of color is quite small in Washington state. Thus, our study provides a deeper dive 

into teacher licensure and degrees by race, relative to just a handful of other studies that examine the 

characteristics of CTE teachers. In national data, Nguyen et al. (2023) document a slight uptick over 

time in the share of CTE teachers who are Black, but do not probe potential mechanisms such as 

certification pathway, degree, license, or endorsement area. 

 We further extend prior studies by examining representation of Black teachers across specific 

career clusters. We find that, relative to high school teachers as a whole, Black CTE teachers are 

overrepresented in several clusters, including Business Management and Finance; Career Research and 

Development; Consumer Services, Hospitality, and Tourism; Health and Biosciences; Human 

Resource Services; and Information Technology. The PTE endorsement is a pathway into the 

profession for all these clusters.  

 Though the main focus of our analyses is on teachers, we document an important trend for 

students: Because of the larger share of Black teachers in CTE versus high school teachers more 

broadly, Black students are substantially more likely to have a race-matched teacher in their CTE 

classes compared to other classes. This is true despite the fact that larger shares of Black students (and 

teachers) in a school is negatively associated with the likelihood of a specific school enrolling students 

in (and potentially offering) CTE courses. Similar trends across many career clusters is important, as 

training in information technology, health, business, etc. can all prepare Black students for in-demand, 

high-paying jobs. Together, these findings situate race/ethnicity as a central component to discussion 

on the CTE teachers’ characteristics. Like Anglum et al. (2023), we argue that we need to know a lot 

more about the characteristics of CTE teachers, but we clarify this directive and urge other scholars 
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to explore not just characteristics associated with certification and entry but also to consider the extent 

to which patterns differ by race/ethnicity. 

 Aligned with this perspective, we use our analyses and findings to make links between 

longstanding discussion on unique features of the CTE licensure process (Bonsu et al., 2013; Jacques 

& Potemski, 2014; Lynch, 1996; Miller, 1982; Zirkle et al., 2007) and parallel literature on the 

importance of decreasing barriers to entry for prospective Black and non-Black teachers of color 

(Carver-Thomas, 2018; Gist & Bristol, 2022). CTE scholars argue that substituting years of 

professional experience for higher degrees is fundamental to the nature of teaching CTE courses, 

which requires direct application to real-world work. In this sense, state policies that provide these 

pathways may not be “alternative” at all, even though scholars often use this language because of the 

ways in which these pathways bypass traditional teacher education (Bonsu et al., 2013; Jacques & 

Potemski, 2014; Lynch, 1996; Zirkle et al., 2007). Either way, alternative pathways to become a CTE 

teacher that allow one to enter the profession without a bachelor’s degree, for example, generally are 

thought to afford novel recruitment opportunities (Jacques & Potemski, 2014). This is the same 

argument for relying on alternative certification pathways—and other strategies that can decrease 

barriers to entry—when recruiting Black and non-Black individuals of color into teaching and aiming 

to diversify the teacher workforce. 

While our analyses are descriptive and not causal, patterns support the idea that decreased 

barriers to entry through alternative pathways—and their unique presence in the CTE licensure 

process—may be responsible for the larger share of Black teachers in CTE compared to high school 

courses more generally. We find that alternative certification rates are incredibly high amongst entering 

CTE teachers, driven primarily by PTE, and they are highest amongst Black CTE teachers. Future 

research should look for causal identification strategies to expand our findings, potentially exploiting 

differences in or changes to CTE certification laws and requirements across states and over time. This 
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sort of work also would help consider whether Maryland is an outlier in the patterns we observe (and 

whether this drives the results).  

Similarly, when looking at student-teacher race/ethnicity-matching in versus out of CTE, we 

hypothesize that students may be selecting CTE pathways within their schools where they feel a 

connection with same-race/ethnicity teachers. However, causal analyses are needed to determine if 

the selection mechanism goes in this direction or the reverse (i.e., teachers being placed in CTE 

pathways where students from the same demographic background tend to enroll), or if there are other 

confounders we are not accounting for in our analyses. Future causal research may also link access to 

same-race/ethnicity teachers in CTE to student outcomes (e.g., completion of a CTE pathway, high 

school graduation or equivalent, employment post high school, college enrollment), as well as to 

explore whether increased access on the extensive versus intensive margin matter more. Our analyses 

show that increased access to Black teachers for Black students in CTE primarily increases the number 

of race/ethnicity-matched courses (i.e., intensive margin) with smaller differences in whether students 

ever have a same-race/ethnicity teacher (i.e., extensive margin). Research on the test-score impacts of 

Black teachers on Black students suggest that both margins matter (Gershenson et al., 2022). 

It is also important to explore and understand underlying mechanisms. We descriptively 

observe a higher proportion of Black teachers in CTE positions, but we do not know about their 

motivation to become a CTE educator and if they viewed these requirements as a barrier to entering 

the teaching profession. For example, previous literature has suggested that the use of high-stakes 

standardized testing for prospective teachers adversely impacts Black and non-Black teachers of color 

generally who are more likely to not retake a licensure test if they do not pass (Cowan et al., 2023) and 

the trajectory of Black teachers into the profession specifically (Petchauer & Baker-Doyle, 2019). In 

Maryland, individuals pursuing PTE certification who do not hold a bachelor’s degree do not need to 

complete a basic skills assessment. Alternative certification and CTE certification also decrease 
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barriers to entry along additional dimensions, including financial and opportunity costs. These 

dimensions may work in tandem, or one may be a key driver.  

We also recognize the cautions of some Black scholars that decreasing barriers to entry may 

not always be beneficial, if these programs provide less rigorous or comprehensive training (White et 

al., 2020). CTE scholars raise similar concerns, noting that CTE often has a stigma of decreased rigor 

compared to core academic courses (Kreisman & Stange, 2020). Additional lines of inquiry may 

explore the specific programmatic features and rigor of alternative route CTE teacher credentialing 

processes, as well as the perceptions of CTE teacher training and quality. That said, at least in 

Maryland, the primary ways that CTE programs—particularly in PTE—decrease barriers to entry are 

by eliminating testing and allowing candidates to substitute work experience for degrees. In most 

instances, candidates still need to complete professional education courses to learn the skills needed 

to translate industry work experience to the K12 classroom.  

Finally, we situate our findings within broader policy conversations about teacher diversity and 

teacher shortages. While there is greater representation of Black teachers in CTE, we also know that 

there is a shortage of CTE teachers in the profession overall (Sims, 2010; Zirkle et al., 2019). In fact, 

PTE, Business Education, and other endorsement areas within CTE are high-needs subject areas for 

Maryland, along with Special Education, STEM (science, technology, engineering, and mathematics), 

and English. Also drawing on Maryland data, Author et al. (2022) point out that many teachers who 

teach CTE also teach in non-CTE areas too, potentially reflecting teacher shortages across content 

areas and, thus, teachers wearing several different hats. As such, we cannot argue that expanding CTE 

certification pathways—potentially with the simultaneous goal of increasing diversity—is necessarily 

easy or straightforward. Decreasing barriers to entry appears to be a good idea with respect to 

increasing participation in the teaching profession for Black individuals. Policy efforts also need to 
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consider multiple recruitment pools of prospective teachers, including industry and potentially also 

from current CTE students. 
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Figures and Tables 
 
Figure 1. Student Enrollment in CTE, Over Time and by Career Cluster 

 

 
Notes: In both panels, the sample includes high school students between the 2012-13 and 2022-23 school years (n = 3,123,738 student-years). 
The top panel shows time trends in the share of all high school students taking at least one CTE course in their high school career, overall and 
by race/ethnicity. The bottom panel shows time trends in the share of students who take at least one CTE course in their high school career, by 
career cluster. Trends disaggregated by race/ethnicity aree shown in Appendix Figure 1.  
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Figure 2. Student and Teacher Race/Ethnicity, In and Out of CTE 

  

  

 
Notes: The sample includes all Black and White students (n = 3,123,738 student-years) and teachers (n = 161,584 teacher-years) between the 2012-13 and 2022-23 school years. The figure 
shows the share of Black (top panels) and White (bottom panels) students (left panels) and teachers (right panels) in CTE, overall and by career cluster, relative to their share in the high school 
population outside of CTE (dashed horizontal line). Trends for Asian and Hispanic students and teachers are shown in Appendix Figure 2. 
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Figure 3. Endorsement Areas, Licenses, and Degrees of CTE Teachers, Overall and by Race/Ethnicity 

 

 

 
Notes: In all panels, the sample includes newly hired CTE teachers between the 2012-13 and 2022-23 school years (n = 1,302 unique 
teachers). The top left panel shows variation in license type (i.e., traditional, conditional, resident teacher) by four categories of CTE endorsement 
areas: (1) Professional and Technical Education (PTE), which is the most common; (2) other CTE-specific endorsement areas (e.g., Business 
Education, Technology Education), excluding PTE; (3) endorsement areas that overlap between CTE and non-CTE (e.g., Computer Sciences, 
Life and Physical Sciences, Mathematics); and (4) non-CTE endorsement areas. The top right panel shows variation in highest degree by the 
same four endorsement area categories. The middle two panels show variation in license type and degree by race/ethnicity rather than endorsement 
area. Asiam, Hispanic, and other race teachers are grouped into one category to avoid small sample sizes. The bottom panel shows variation in 
the four endorsement areas by teacher race/ethnicity. 
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Figure 4. Characteristics of Newly Hired Teachers, Over Time 

  

  
Notes: The top left panel shows the count of new teachers, by year, as well as the count of new CTE teachers, and new teachers who are Black or White, in a sample of all newly hired teachers between 
the 2012-13 and 2022-23 school years (n = 11,031 unique teacher). The remaining three panels focus on the sample of newly hired CTE teachers (n = 1,302). The top right panel shows the share 
of new CTE teachers by race/ethnicity. Asian, Hispanic, and other race teachers are in one group to avoid small cell sizes. The bottom left panel shows the share new CTE teachers by endorsement 
area, focusing on all five endorsement areas specific to CTE plus Computer Science, which is the most common endorsement area overlapping with CTE and non-CTE. The bottom right panel shows 
the share of new CTE teachers with a given license or degree. 
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Table 1. License and Highest Degree of Newly Hired CTE Teachers, by Certification Endorsement Area 

Endorsement Areas Column 
Proportion 

Row Proportion 
Certificate Type (Row Prop.)   Highest Degree (Row Prop.) 

Traditional Conditional Resident 
Teacher   HS or AA BA MA + 

Non-CTE -- 0.638 0.289 0.073   0.010 0.575 0.415 
All CTE -- 0.321 0.668 0.011   0.194 0.489 0.317 

Panel A: CTE-Specific Endorsement Areas 
Professional and Technical Education 0.404 0.085 0.915 0.000   0.473 0.357 0.169 
Business Education and Marketing^ 0.138 0.339 0.656 0.006   0.011 0.561 0.428 
Technology Education 0.061 0.405 0.544 0.051   0.000 0.675 0.325 
Family and Consumer Sciences 0.058 0.368 0.592 0.039   0.000 0.697 0.303 
Agriculture and Environmental Science^ 0.029 0.737 0.263 0.000   0.000 0.842 0.158 

Panel B: Endorsement Areas Overlapping between CTE and non-CTE 
Computer Science 0.059 0.195 0.779 0.026   0.013 0.571 0.416 
Life and Physical Sciences^ 0.034 0.791 0.186 0.023   0.000 0.364 0.636 
Mathematics 0.034 0.682 0.273 0.045   0.000 0.568 0.432 
Art^ 0.025 0.594 0.406 0.000   0.000 0.656 0.344 
Health and Physical Education 0.024 0.677 0.323 0.000   0.000 0.677 0.323 

Panel C: Non-CTE Endorsement Areas 
Missing 0.046 -- -- --   0.00 0.550 0.450 
Social Studies 0.028 0.730 0.270 0.00   0.00 0.405 0.595 
Special Education 0.026 0.529 0.471 0.00   0.00 0.412 0.588 
Elementary Education 0.014 0.722 0.278 0.00   0.00 0.611 0.389 
English, Reading, and ESOL^ 0.011 0.571 0.429 0.00   0.00 0.643 0.357 
Administration 0.008 1.000 0.000 0.00   0.00 0.000 1.000 
Teachers 1,302 
Notes: Except for the first row, the sample includes newly hired CTE teachers, between 2012-13 and 2022-23 school years, for whom we can observe 
their certification endorsement area, license, and highest degree at time of entry (n = 1,302 unique teachers). The first row includes newly hired teachers 
not in CTE (n = 11,031 unique teachers). The first column shows the proportion of all newly hired CTE teachers with a given endorsement area at the 
time of entry. Endorsement areas are grouped into those that are specific to CTE (Panel A), endorsements that overlap with CTE and non-CTE (Panel 
B), and endorsements not aligned to CTE (Panel C). Endorsement areas are sorted within category based on their column proportion. In the first two 
rows, -- indicates that the column proportion is not relevant. The remaining columns show row proportions of licenses or degrees for observed 
endorsement area of CTE teachers. ^ indicates that certification areas are combined to avoid small cell sizes of fewer than 10 teachers. 
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Table 2. Endorsement Areas and Degrees of Newly Hired CTE Teachers, by Race/Ethnicity   

Endorsement Areas/Degrees 

Row Proportion   Column Proportion  

Black White 

Asian/ 
Hispanic/ 

Other 
Race 

  Black White 

Asian/ 
Hispanic/ 

Other 
Race 

 

Non-CTE 0.215 0.632 0.153   -- -- --  

All CTE 0.369 0.528 0.102   -- -- --  

Panel A: CTE-Specific Endorsement Areas  

Professional and Technical Education 0.395 0.525 0.080   0.432 0.401 0.316  

Business Education and Marketing^ 0.517 0.383 0.100   0.193 0.100 0.135  

Technology Education 0.175 0.763 0.063   0.029 0.089 0.038  

Family and Consumer Sciences 0.539 0.395 0.066   0.085 0.044 0.038  

Agriculture and Environ. Science^ 0.000 1.000 0.000   0.000 0.055 0.000  

Panel B: Endorsement Areas Overlapping between CTE and non-CTE  

Computer Science 0.377 0.377 0.247   0.060 0.042 0.143  

Life and Physical Sciences^ 0.159 0.591 0.250   0.015 0.038 0.083  

Mathematics 0.182 0.659 0.159   0.017 0.042 0.053  

Art^ 0.188 0.688 0.125   0.012 0.032 0.030  

Health and Physical Education 0.290 0.677 0.032   0.019 0.031 0.008  

Panel C: Non-CTE Endorsement Areas  

Missing 0.517 0.350 0.133   0.064 0.031 0.060  

Social Studies 0.243 0.676 0.081   0.019 0.036 0.023  

Special Education 0.471 0.471 0.059   0.033 0.023 0.015  

Elementary Education 0.111 0.611 0.278   0.004 0.016 0.038  

English, Reading, and ESOL^ 0.286 0.643 0.071   0.008 0.013 0.008  

Administration 0.364 0.455 0.182   0.008 0.007 0.015  

Panel D: License  

Traditional 0.217 0.659 0.124   0.175 0.371 0.361  

Conditional 0.423 0.488 0.089   0.709 0.571 0.541  

Resident Teacher 0.231 0.462 0.308   0.006 0.009 0.010  

Panel E: Degree  

HS/AA 0.377 0.587 0.036   0.198 0.215 0.068  

BA 0.369 0.526 0.105   0.489 0.487 0.504  

MA+ 0.366 0.496 0.138   0.314 0.298 0.429  

Teachers 1,302   481 688 133  

Notes: Except for the first row, the sample includes newly hired CTE teachers, between 2012-13 and 2022-
23 school years, for whom we can observe their certification endorsement area, license, and highest degree at 
time of entry (n = 1,302 unique teachers). The first row includes newly hired teachers not in CTE (n = 11,031 
unique teachers). The first three columns show the row proportion or the share of teachers with a given 
endorsement who are Black, White, or Asian/Hispanic/Other Race. Asian, Hispanic, and other race teachers 
are in one group to avoid small cell sizes. Endorsement areas are grouped into those that are specific to CTE 
(Panel A), endorsements that overlap with CTE and non-CTE (Panel B), and endorsements not aligned to 
CTE (Panel C). Endorsement areas are sorted within category based on their column proportion in the full 
sample (see Table 1). The next three columns show the column proportion, or the share of newly hired CTE 
teachers from a given race/ethnicity group with each endorsement (Panels A through C), entering license 
(Panel D), or entering degree (Panel E). In the first two rows, -- indicates that the column proportion is not 
relevant. ^ indicates that certification areas are combined to avoid small cell sizes of fewer than 10 teachers. 
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Table 3. Differences in Teacher Race/Ethnicity in and out of CTE 

  Teacher/ 
Teacher-

Years 

Non-
CTE 
Mean 

Difference for CTE 

  (1) (2) (3) (4) 

Panel A: New CTE Teachers 
Black 2,848  0.215 0.155*** 0.118*** 0.137*** 0.155*** 
      (0.014) (0.014) (0.012) (0.014) 
White 7,663  0.576 -0.104*** -0.065*** -0.093*** -0.117*** 
      (0.015) (0.015) (0.012) (0.014) 
Asian/Hispanic/ 1,822  0.153 -0.051*** -0.053*** -0.044*** -0.039*** 
     Other Race     (0.009) (0.009) (0.009) (0.011) 

Panel B: All CTE Teachers 
Black 31,977 0.170 0.078*** 0.058*** 0.082*** 0.087*** 
      (0.008) (0.008) (0.007) (0.007) 
White 129,607 0.721 -0.026** -0.003 -0.039*** -0.041*** 
      (0.009) (0.009) (0.007) (0.008) 
Asian 8,990 0.053 -0.031*** -0.035*** -0.027*** -0.030*** 
      (0.003) (0.003) (0.003) (0.003) 
Hispanic 6,539 0.039 -0.025*** -0.024*** -0.021*** -0.021*** 
      (0.002) (0.002) (0.002) (0.003) 
Other Race 3,205 0.017 0.004 0.005~ 0.005* 0.005~ 
      (0.003) (0.003) (0.003) (0.003) 
Teacher Background X X X 
Year Fixed Effects X X X 
District Fixed Effects   X   
School Fixed Effects     X 
Notes: Estimates in each cell come from separate linear probability regression models where the 
dependent variable is a dummy indicator for the race/ethnicity group listed in each row and the key 
independent variable is a dummy indicator for whether a teacher teaches in CTE. Some models 
include additional covariates. Teacher background characteristics include years of teaching experience 
(Panel B only, where there is variation in experience), age, and sex. The non-CTE mean is estimated 
from the model with no controls. The sample in Panel A includes all newly hired high school teachers, 
while the sample in Panel B includes all high school teachers. In Panel A, Asian, Hispanic, and other 
race teachers are in one group to avoid small cell sizes. Robust standard errors (clustered at the teacher 
level in Panel B) are in parentheses. *** p<0.001, ** p<0.01, * p<0.05, ~ p<0.1 
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Table 4. Differences in Endorsement Area, License, and Degree, In and Out of CTE and by Teacher Race/Ethnicity 

Variables 
Professional and 

Technical Education   Alternative 
License/Certification   Highest Degree: High 

School or Associate's 
(1) (2)   (1) (2)   (1) (2) 

CTE 0.427*** 0.251***   0.386*** 0.298***   0.224*** 0.116*** 
  (0.020) (0.019)   (0.021) (0.024)   (0.017) (0.015) 
Black 0.007~ 0.003   0.226*** 0.209***   0.002 0.000 
  (0.004) (0.004)   (0.013) (0.013)   (0.003) (0.003) 
Black*CTE -0.004 0.117***   -0.186*** -0.130***   -0.026 0.048* 
  (0.031) (0.029)   (0.030) (0.032)   (0.026) (0.024) 
Asian/Hispanic/Other Race -0.001 -0.005~   0.103*** 0.100***   0.007* 0.006~ 
  (0.003) (0.003)   (0.013) (0.014)   (0.003) (0.004) 
Asian/Hispanic/Other Race*CTE -0.110* 0.009   -0.203*** -0.161**   -0.181*** -0.110*** 
  (0.046) (0.043)   (0.049) (0.051)   (0.028) (0.026) 
Constant 0.022*** 0.031***   0.309*** 0.318***   0.017*** 0.023*** 
  (0.002) (0.002)   (0.007) (0.007)   (0.002) (0.002) 
P-values on linear combinations                 
Black CTE v. non-CTE <0.000 <0.000   <0.000 <0.000   <0.000 <0.000 
Black v. White CTE 0.920 <0.000   0.163 0.010   0.351 0.043 
Teacher Background X X   X X   X X 
Year Fixed Effects X X   X X   X X 
District Fixed Effects X     X     X   
School Fixed Effects   X     X     X 
Teachers 12,320 12,094   11,660 11,452   12,320 12,094 
Notes: Estimates in each column come from separate linear probability regression models where the dependent variable is a 
dummy indicator for the entry characteristic listed in each column header. The key independent variables include a dummy 
indicator for whether a teacher teaches in CTE, dummy indicators for race/ethnicity (with White as the omitted category), and 
their interactions. Asian, Hispanic, and other race teachers are in one group to avoid small cell sizes. Some models include 
additional covariates. Teacher background characteristics include age and sex, both mean centered so that the constant can be 
interpreted as the mean value of the outcome for White non-CTE teachers. Robust standard errors are in parentheses. The 
sample includes all newly hired high school teachers. Sample sizes change slightly across models as singletons with sets of fixed 
effects are dropped. *** p<0.001, ** p<0.01, * p<0.05, ~ p<0.1 
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Table 5. Student-Teacher Race/Ethnicity Matching In versus Out of CTE, Overall and by Cluster 

CTE Cluster Black   White   Asian   Hispanic 
(1) (2)   (1) (2)   (1) (2)   (1) (2) 

All Clusters 0.138*** 0.140***   -0.024*** -0.026***   -0.004*** -0.004***   -0.042*** -0.030*** 
  (0.001) (0.001)   (0.001) (0.001)   (0.001) (0.001)   (0.001) (0.001) 
Arts, Media, and Comm. 0.058*** 0.063***   -0.005* -0.007**   -0.024*** -0.021***   -0.046*** -0.027*** 
  (0.003) (0.003)   (0.003) (0.003)   (0.004) (0.004)   (0.002) (0.002) 
Business Manage. and Finance 0.219*** 0.218***   -0.074*** -0.077***   -0.027*** -0.025***   -0.054*** -0.042*** 
  (0.001) (0.001)   (0.001) (0.001)   (0.002) (0.001)   (0.001) (0.001) 
Career Research and Develop. 0.168*** 0.162***   -0.071*** -0.070***   -0.026*** -0.023***   -0.035*** -0.011*** 
  (0.002) (0.002)   (0.002) (0.002)   (0.004) (0.003)   (0.002) (0.002) 
Construction and Develop. 0.026*** 0.009*   0.027*** 0.024***   -0.016* -0.001   -0.069*** -0.053*** 
  (0.004) (0.004)   (0.002) (0.002)   (0.006) (0.006)   (0.001) (0.002) 
Consumer Services, Hosp., and Tourism 0.178*** 0.174***   -0.045*** -0.045***   -0.030*** -0.029***   -0.054*** -0.042*** 
  (0.002) (0.002)   (0.002) (0.002)   (0.004) (0.003)   (0.001) (0.001) 
Environ., Agr., and Natural Resources -0.111*** -0.112***   0.049*** 0.045***   -0.015** -0.010   -0.014*** -0.014*** 
  (0.004) (0.004)   (0.001) (0.001)   (0.006) (0.006)   (0.003) (0.003) 
Health and Biosciences 0.116*** 0.124***   -0.008*** -0.014***   -0.020*** -0.007**   -0.013*** 0.016*** 
  (0.003) (0.003)   (0.002) (0.002)   (0.002) (0.002)   (0.003) (0.003) 
Human Resources Services 0.075*** 0.074***   0.004*** 0.002   -0.004 0.003   -0.063*** -0.050*** 
  (0.002) (0.002)   (0.001) (0.001)   (0.003) (0.003)   (0.001) (0.001) 
Information Technology 0.177*** 0.181***   -0.072*** -0.071***   0.021*** 0.018***   -0.041*** -0.027*** 
  (0.002) (0.001)   (0.001) (0.001)   (0.002) (0.002)   (0.001) (0.001) 
Manuf., Engineering, and Technology 0.050*** 0.063***   0.014*** 0.012***   -0.019*** -0.019***   -0.048*** -0.031*** 
  (0.002) (0.002)   (0.001) (0.001)   (0.001) (0.001)   (0.001) (0.001) 
Transport. Technologies -0.042*** -0.001   0.017*** 0.006~   -0.054*** -0.052***   -0.037*** -0.005 
  (0.011) (0.009)   (0.004) (0.004)   (0.002) (0.004)   (0.003) (0.005) 
Year Fixed Effects X X   X X   X X   X X 
School Fixed Effects X X   X X   X X   X X 
Student Fixed Effects   X     X     X     X 
Student-Courses 9,702,068   10,612,716   2,009,637   5,221,226 
Notes: Estimates in each cell come from separate linear probability regression models where the dependent variable is a dummy indicator for the race/ethnicity of 
the teacher of a course and the key independent variable is a dummy indicator for whether the course is CTE (or a specific CTE cluster). Unlike prior analyses, 
Asian and Hispanic are in separate groups given large sample sizes in the student-course dataset; other race is excluded because it has little meaning in an analysis of 
race/ethnicity-matching. Some models include additional covariates. The sample sizes presented are for all student-course combinations. For analyses by CTE 
cluster, the sample sizes are slightly smaller as the sample is limited to all non-CTE courses and CTE courses in that specific cluster (excluding CTE courses in other 
clusters). Robust standard errors clustered at the student level are in parentheses. *** p<0.001, ** p<0.01, * p<0.05, ~ p<0.1 
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Supplemental Appendix: Figures and Tables 
 

Appendix Figure 1. Student Enrollment in CTE Career Clusters, Over Time and by Race/Ethnicity 

 

 

 
Notes: The sample for all panels includes high school students who took at least one CTE course in their high school career between the 2012-13 and 2022-23 school years. Each panel shows the 
share of CTE course takers enrolled in each career cluster, for Asian (top left), Black (top right), Hispanic (bottom left), and White (bottom right) students.
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Appendix Figure 2. Share of Asian and Hispanic Students and Teachers in CTE, Overall and by Career Cluster 

 

 

 
Notes: The figure shows the share of Asian (top panels) and Hispanic (bottom panels) students (left panels) and teachers (right panels) in CTE, overall and by career cluster, relative to their share in 
the high school population outside of CTE (dashed horizontal line). 
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Appendix Table 1. Race/Ethnicity Differences in Availability of CTE Offerings Across Schools 

Race/Ethnicity All 
Clusters 

Arts, 
Media, 
Comm. 

Business 
Manage. 
Finance 

Career 
Research 
Develop. 

Const. 
and 

Develop. 

Cons., 
Hosp., 

Tourism 

Environ., 
Agr., Nat. 
Resources 

Health and 
Biosciences 

Human 
Resources 
Services 

Info. 
Tech. 

Manuf., 
Eng., 
Tech. 

Transport. 
Tech. 

  Panel A: Without District Fixed Effects 
Students                         
Asian -0.082 0.035 -0.016 0.538* -0.486** 0.266 -0.415* -0.385~ 0.405 0.549* 0.656* -0.337* 
  (0.174) (0.224) (0.239) (0.237) (0.177) (0.248) (0.205) (0.204) (0.256) (0.243) (0.254) (0.147) 
Black -0.266*** -0.072 -0.480*** -0.252** -0.162 -0.430*** -0.467*** 0.049 -0.330** -0.271** -0.248* -0.083 
  (0.080) (0.098) (0.101) (0.094) (0.099) (0.108) (0.094) (0.109) (0.103) (0.092) (0.099) (0.080) 
Hispanic -0.089 0.208 -0.128 0.177 -0.195 0.033 -0.061 0.161 0.053 0.020 0.073 -0.058 
  (0.097) (0.134) (0.141) (0.129) (0.123) (0.154) (0.135) (0.152) (0.142) (0.115) (0.136) (0.108) 
Other Race -0.340 -0.153 -0.151 0.236 -0.598** -0.085 -0.828*** -0.176 -0.309 -0.214 0.165 -0.286* 
  (0.267) (0.191) (0.266) (0.277) (0.190) (0.260) (0.201) (0.192) (0.225) (0.257) (0.295) (0.142) 
Teachers                         
Asian 0.171 -0.256 -0.569** -0.078 -0.392** -0.337~ -0.004 -0.638*** -0.463* -0.165 -0.278 -0.178 
  (0.313) (0.178) (0.214) (0.243) (0.147) (0.202) (0.132) (0.179) (0.220) (0.236) (0.208) (0.119) 
Black 0.010 -0.289** 0.291* 0.190 -0.049 0.260~ -0.002 -0.025 0.007 0.034 -0.165 -0.018 
  (0.116) (0.103) (0.146) (0.127) (0.113) (0.135) (0.089) (0.118) (0.133) (0.120) (0.110) (0.091) 
Hispanic 0.171 0.042 -0.221 0.089 -0.180 -0.146 0.341 -0.363 0.234 0.079 -0.062 -0.231 
  (0.337) (0.259) (0.277) (0.275) (0.185) (0.261) (0.265) (0.240) (0.347) (0.321) (0.285) (0.169) 
  Panel B: With District Fixed Effects 
Students                         
Asian -0.389~ -0.166 0.050 -0.246 0.049 0.006 -0.300 0.180 0.004 0.044 0.150 -0.223 
  (0.216) (0.223) (0.250) (0.198) (0.181) (0.252) (0.221) (0.201) (0.277) (0.290) (0.258) (0.161) 
Black -0.190~ -0.098 -0.161 -0.163 -0.104 -0.173 -0.249* 0.181 -0.302* -0.275* -0.204~ -0.050 
  (0.101) (0.102) (0.120) (0.103) (0.098) (0.126) (0.111) (0.112) (0.121) (0.111) (0.108) (0.082) 
Hispanic -0.233* 0.022 -0.063 -0.018 -0.093 0.100 -0.156 0.235 -0.057 -0.223~ -0.081 -0.067 
  (0.111) (0.122) (0.162) (0.134) (0.127) (0.173) (0.140) (0.154) (0.159) (0.128) (0.146) (0.100) 
Other Race -0.640** -0.244 -0.649*** -0.292 -0.462** -0.317 -0.442** -0.311* -0.549** -0.626*** -0.522** -0.305** 
  (0.207) (0.156) (0.189) (0.193) (0.153) (0.208) (0.149) (0.138) (0.192) (0.187) (0.158) (0.098) 
Teachers                         
Asian 0.144 -0.211 0.056 0.349 -0.277 -0.002 -0.040 -0.063 -0.092 -0.114 0.008 -0.062 
  (0.340) (0.187) (0.256) (0.248) (0.172) (0.234) (0.148) (0.192) (0.245) (0.259) (0.232) (0.140) 
Black -0.046 -0.134 0.215 0.011 0.004 0.252~ 0.015 0.075 0.139 0.054 -0.022 0.068 
  (0.135) (0.114) (0.148) (0.130) (0.117) (0.144) (0.081) (0.133) (0.151) (0.135) (0.131) (0.098) 
Hispanic 0.107 -0.288 0.323 0.355 -0.060 0.090 0.315 -0.162 0.324 -0.041 -0.047 -0.143 
  (0.301) (0.243) (0.289) (0.278) (0.185) (0.265) (0.224) (0.245) (0.348) (0.285) (0.273) (0.168) 
School-Years 3,147 3,147 3,147 3,147 3,147 3,147 3,147 3,147 3,147 3,147 3,147 3,147 
Notes: Estimates in each panel and column come from separate linear probability regression models where the dependent variable is a dummy indicator for CTE (or a specific 
cluster) having student enrollments in a given school and year. Independent variables include the share of students and teachers of each race/ethnicity group in that school and 
year, with White as the left-out category. “Other race/ethnicity” also is included in the model but not shown in the output. All models include year fixed effects and estimates 
in Panel B include district fixed effects. Robust standard errors (clustered at the teacher level in Panel B) are in parentheses. *** p<0.001, ** p<0.01, * p<0.05, ~ p<0.1 
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Appendix Table 2a. Share of Newly Hired CTE Teachers in Each Career Cluster (Columns) with a Specific Endorsement (Rows) 

Endorsement Areas All Clusters 
Arts, 

Media, and 
Comm. 

Business 
Manage. 

and Finance 

Career 
Research 

and 
Develop. 

Construction 
and Develop. 

Consumer 
Services, 

Hospitality, 
and Tourism 

Panel A: CTE-Specific Endorsement Areas 
Professional and Technical Education 0.404 0.383 0.071 0.225 0.807 0.601 
Business Education and Marketing^ 0.138 0.033 0.594 0.271 0.000 0.034 
Technology Education 0.061 0.083 0.035 0.031 0.064 0.000 
Family and Consumer Sciences 0.058 0.017 0.071 0.047 0.000 0.258 
Agriculture and Environmental Science^ 0.029 0.000 0.004 0.016 0.009 0.000 

Panel B: Endorsement Areas Overlapping between CTE and non-CTE 
Computer Science 0.059 0.000 0.047 0.023 0.009 0.000 
Life and Physical Sciences^ 0.034 0.000 0.008 0.016 0.009 0.000 
Mathematics 0.034 0.017 0.031 0.016 0.000 0.000 
Art^ 0.025 0.367 0.024 0.023 0.000 0.017 
Health and Physical Education 0.024 0.000 0.012 0.047 0.000 0.034 

Panel C: Non-CTE Endorsement Areas 
Missing 0.046 0.017 0.031 0.023 0.073 0.011 
Social Studies 0.028 0.033 0.016 0.062 0.009 0.022 
Special Education 0.026 0.000 0.016 0.124 0.009 0.006 
Elementary Education 0.014 0.017 0.016 0.023 0.009 0.011 
English, Reading, and ESOL^ 0.011 0.000 0.008 0.031 0.000 0.006 
Administration 0.008 0.033 0.016 0.023 0.000 0.000 
Teachers 1302 60 254 129 109 178 
Notes: The sample includes newly hired CTE teachers, between 2012-13 and 2022-23 school years, for whom we can observe their 
certification endorsement area, license, and highest degree at time of entry. Proportions in each column sum to 1. However, sample 
sizes across columns do not sum to the total number of newly hired CTE teachers (n = 1,302) because some teachers teach in more 
than one career clusters in their first year. Endorsement areas are grouped into those that are specific to CTE (Panel A), endorsements 
that overlap with CTE and non-CTE (Panel B), and endorsements not aligned to CTE (Panel C). Endorsement areas are sorted 
within category based on their proportion across all clusters (Column 1). ^ indicates that certification areas are combined to avoid 
small cell sizes of fewer than 10 teachers. 
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Appendix Table 2b. Share of Newly Hired CTE Teachers in Each Career Cluster (Columns) with a Specific Endorsement (Rows) 

Endorsement Areas Health and 
Biosciences 

Human 
Resources 
Services 

Information 
Technology 

Manuf., 
Engineering, 

and 
Technology 

Transport. 
Technologies 

Panel A: CTE-Specific Endorsement Areas 
Professional and Technical Education 0.713 0.358 0.201 0.240 0.938 
Business Education and Marketing^ 0.007 0.041 0.190 0.122 0.000 
Technology Education 0.000 0.000 0.109 0.240 0.047 
Family and Consumer Sciences 0.000 0.209 0.009 0.000 0.000 
Agriculture and Environmental 
Science^ 0.013 0.007 0.000 0.005 0.000 

Panel B: Endorsement Areas Overlapping between CTE and non-CTE 
Computer Science 0.000 0.007 0.207 0.112 0.000 
Life and Physical Sciences^ 0.073 0.088 0.017 0.066 0.000 
Mathematics 0.000 0.020 0.092 0.082 0.000 
Art^ 0.000 0.007 0.014 0.010 0.000 
Health and Physical Education 0.087 0.027 0.009 0.005 0.000 

Panel C: Non-CTE Endorsement Areas 
Missing 0.080 0.047 0.069 0.051 0.000 
Social Studies 0.000 0.101 0.020 0.020 0.000 
Special Education 0.013 0.027 0.029 0.020 0.000 
Elementary Education 0.007 0.027 0.014 0.010 0.000 
English, Reading, and ESOL^ 0.007 0.020 0.011 0.010 0.000 
Administration 0.000 0.014 0.009 0.005 0.016 
Teachers 150 148 348 196 64 
Notes: See note for Appendix Table 1a. 

 
 
 
 
 
 
 
 


