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ABSTRACT

This study examines the demographics, qualifications, and turnover of STEM teachers in Kansas and Missouri—two contiguous, 

predominantly rural states in the Midwestern region of the United States. The existing literature lacks detailed insights regarding 

U.S. STEM teachers, especially with recent economic and social changes over the COVID- 19 pandemic, and there is particularly 

limited evidence regarding STEM teachers in the U.S. Midwest. Utilizing large- scale administrative longitudinal data, we filled 

part of this gap by documenting the characteristics and turnover patterns of STEM teachers in Kansas and Missouri over a 13- 

year period, from 2010 through 2023. Our analysis shows declining trends among young and early- career STEM teachers, STEM 

certification, and rising STEM teacher turnover, especially post- COVID- 19. We found particularly high turnover rates in urban 

schools and schools with the highest shares of students of color and poverty. We also found numerous factors of STEM teacher 

turnover, including salary and employment in schools serving high percentages of minoritized and low- income students, as well 

as differential turnover patterns among school geographical circumstances. This work is the first comprehensive examination 

of STEM teachers in Kansas and Missouri. We offer insights into the teacher workforce of the traditionally overlooked U.S. 

Midwest. Our results suggest important policy implications for sustaining a diverse and qualified STEM teacher workforce in 

the U.S. amid post- COVID- 19 social changes, thereby informing decision making at state and national levels that aim to foster 

equitable access to high- quality STEM education among students in diverse contexts, while contributing to the U.S.'s long- term 

economic growth, sustainability, and the world's advancement of STEM education.

1   |   Introduction

A diverse and strong labor force in the fields of science, tech-

nology, engineering, and mathematics (STEM) is pivotal to the 

United States' long- term economic growth, security, and global 

competitiveness (Xie, Fang, and Shauman  2015). However, 

recent statistics indicate women and people of color remain 

underrepresented in the U.S. STEM workforce. Women con-

stitute only 34% of the STEM labor force, compared to 52% in 

non- STEM sectors, while Hispanic and Black workers make up 

18% and 12% of the United States' overall workforce but only 

represent 14% and 9% of STEM workers (National Science Board 

and National Science Foundation 2021b).

Such demographic imbalances in the current U.S. STEM labor 

force likely originate, in part, from inequitable access to STEM 

education in K- 12 schools and, thus, opportunity gaps in STEM 

job markets. In particular, women and students of color exhibit 

consistently lower participation rates in advanced STEM courses, 

lower achievement levels, and are less likely to apply for STEM 

majors in higher education institutions relative to their male and 

White peers (Bruno and Lewis  2021; Yoon and Strobel  2017). 

© 2025 National Association for Research in Science Teaching.
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A significant part of the issue is the lack of diverse backgrounds 

in the STEM teaching force, as U.S. STEM teachers have histori-

cally been more likely to identify as male and White (Ingersoll and 

May 2012). In contrast, having more female teachers and teachers 

of color is positively related to the likelihood of female and minori-

tized students enrolling in advanced STEM courses, and pursuing 

and completing STEM degrees at post- secondary levels (Bottia 

et al. 2015; Dee 2004; Egalite, Kisida, and Winters 2015; Grissom, 

Kabourek, and Kramer  2020; Lim and Meer  2020; Lindsay, 

Monarrez, and Luetmer  2021; Redding  2019). Having more di-

verse teachers can also benefit diverse students in non- academic 

aspects, such as lowering absenteeism, suspensions, and improv-

ing socio- emotional development (Cleveland and Scherer  2021; 

Holt and Gershenson  2019; Lindsay and Hart  2017; Rasheed 

et al. 2020; Redding 2019).

In addition to demographic characteristics, teacher quali-

fications are also crucial to student learning in STEM sub-

jects (Harris and Sass  2011; Heck  2007; Henry, Fortner, and 

Bastian  2012; Hill and Dalton  2013; Mansell  2024; Stewart 

et  al.  2019). However, school administrators consistently re-

port challenges in filling qualified STEM teaching positions 

compared to other areas (Dee and Goldhaber  2017; Ingersoll 

and Perda  2010; Sutcher, Darling- Hammond, and Carver- 

Thomas  2019), especially after the COVID- 19 pandemic out-

break (Goldhaber, Falken, and Theobald  2024; Nguyen, Lam, 

and Bruno  2024). In addition, racially minoritized and socio- 

economically disadvantaged students are consistently less likely 

to have access to high- quality STEM teachers (Gray, Taie, and 

Lewis 2022; Nguyen and Redding 2018; Rodriguez, Nguyen, and 

Springer 2023), leading to significant disparities in educational 

opportunities.

Furthermore, retaining diverse and high- quality STEM teach-

ers in schools is essential for fostering the development of all 

students. High rates of teacher turnover disrupt student learn-

ing and impede schools' long- term progress (Allensworth, 

Ponisciak, and Mazzeo  2009; Carver- Thomas and Darling- 

Hammond  2017; Hanselman et  al.  2016; Ronfeldt, Loeb, and 

Wyckoff 2013; Simon and Johnson 2015). As we entered the post- 

COVID- 19 era, turnover rates across U.S. states reached histori-

cally high levels (Bacher- Hicks, Chi, and Orellana 2023; Bastian 

and Fuller 2023; Camp, Zamarro, and McGee 2023; Goldhaber 

and Theobald 2023; Hopkins, Strunk, and Rogers 2023). These 

higher turnover rates are consistently reported in areas char-

acterized by low- income families and communities of color 

(Goldhaber and Theobald 2023; Malkus, Hoyer, and Sparks 2015; 

Marinell and Coca 2013; Williams, Swain, and Graham 2021).

As issues of teacher characteristics, qualifications, and retention 

become increasingly intertwined, the challenges of enhancing 

STEM learning opportunities for all students grow more com-

plex. Furthermore, there is a lack of comprehensive analysis of 

the demographics, qualifications, and turnover of STEM teach-

ers to inform educational policies and interventions that support 

the advancement of all students in STEM fields. Some studies 

(e.g., Ingersoll and May 2012; Nguyen and Redding 2018) have 

described the U.S. STEM teacher workforce using nationally 

representative survey data, particularly the Schools and Staffing 

Survey (SASS), which were administered every few years from 

1988 to 2012. Such analysis, however, does not encompass the 

past decade, a period marked by increased policy attention and 

investment in STEM education (Johnson et  al.  2020). These 

studies rely on cross- sectional data collected at the national 

level, which lack annual granularity and clarity on how the 

teacher workforce has responded to major social changes like 

the COVID- 19 pandemic. Such data also fail to capture nuances 

at the district or school levels or describe certain characteristics 

that may be unique to individual states or geographical regions, 

including those in the Midwest.

To date, teacher workforce research has predominantly focused 

on states with established research resources and data sys-

tems, such as California, New York, Texas, or Washington (e.g., 

Darling- Hammond et al. 2016; Goldhaber and Theobald 2023; 

Holme et  al.  2018; Ronfeldt, Loeb, and Wyckoff  2013), while 

there is limited knowledge about Midwestern states like Kansas 

and Missouri (Nguyen  2020b). These two states share similar 

socio- economic and demographic backgrounds: both states are 

in general rural and geographically isolated while some of their 

metropolitan areas disproportionately serve and employ stu-

dents and teachers of color (Anglum, Manion, and Varkey 2024; 

Nguyen  2020a, 2020b). In addition, both states contain ap-

proximately four times as many students of color as teachers 

of color, a gap significantly wider than the national average 

(Swisher  2023). The unique contexts of Kansas and Missouri 

may make the characteristics of their teacher workforces and 

turnover patterns distinct from national and regional trends. 

Their specific geographical and socio- economic conditions can 

also add complexity to efforts to recruit and retain a strong and 

diverse STEM teaching force.

Using longitudinal administrative data from Kansas and 

Missouri spanning from 2010 to 2023, we examine the demo-

graphics, qualifications, and turnover of STEM teachers, whom 

we refer to as secondary teachers whose primary teaching dis-

ciplines include mathematics, computer science, and natural 

sciences, such as biology, chemistry, earth and space science, 

and physics. We conducted a comprehensive descriptive anal-

ysis of the demographic and professional characteristics of 

STEM teachers in these two Midwestern states, as well as their 

turnover patterns. Our study also examined how these factors 

vary among STEM teachers across different school settings and 

student body characteristics, as well as the extent to which they 

are associated with STEM teacher turnover. We addressed the 

following research questions:

RQ1. How have the demographic characteristics and qualifi-

cations of public school STEM teachers in Kansas and Missouri 

changed over the past decade? Do these changes vary across 

school's locale settings and student body characteristics, includ-

ing racial/ethnic and socio- economic compositions?

RQ2. To what extent did public school STEM teachers in 

Kansas and Missouri turn over in the past decade? Do their 

turnover patterns differ among school locales and student body 

characteristics, including racial/ethnic and socio- economic 

compositions?

RQ3. To what extent do school characteristics as well as stu-

dent racial/ethnic representations and socio- economic condi-

tions predict STEM teacher turnover in Kansas and Missouri?
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We addressed the first and second research questions using de-

scriptive analysis and conducted regression analysis to tackle the 

third research question. Our results suggest the STEM teacher 

workforce in Kansas and Missouri share similarities with the 

U.S. national teacher workforce, but at the same time differ in 

several important ways, including trends in the teachers' demo-

graphics and working conditions, while providing evidence of 

differential turnover patterns between these two outwardly sim-

ilar states and across school geographical conditions. We con-

tribute significantly to the literature as the first study to provide 

a thorough examination of STEM teachers in two states of the 

U.S. Midwest, a region where teacher labor markets have tradi-

tionally been underexplored. Our findings have important im-

plications for ongoing policy debates regarding the urgent need 

to cultivate a diverse and high- quality STEM teacher workforce 

in the U.S. Midwest. Furthermore, by enhancing the collective 

understanding of STEM teachers, this research lays the ground-

work for future studies and policy initiatives aimed at promoting 

sustainable and equitable STEM education that is accessible to 

diverse students across the United States.

2   |   Conceptual Framework

Decades of research have examined factors influencing teacher 

turnover. To address our investigation into how STEM teacher 

turnover varies by school and student characteristics, we draw 

on Nguyen and Springer's  (2023) conceptual framework for 

teacher turnover. This framework identifies three domains of 

teacher attrition factors: personal factors, school factors, and 

external/policy factors. Teachers' personal factors include de-

mographic characteristics (e.g., age, race, and gender), family 

backgrounds (e.g., marital status), and teacher qualifications 

(e.g., experience, certification, and degree). School factors en-

compass school organizational characteristics (e.g., school size, 

type, and locale), resources (e.g., class size and expenditure), 

and student body characteristics (e.g., achievement, discipline, 

and racial and socio- economic representations). External/pol-

icy factors include teacher salary, accountability policy, school 

improvement interventions, and broad workforce conditions 

(Nguyen and Springer 2023).

We are particularly interested in examining whether STEM 

teacher turnover differs by school and student characteristics, 

with a special focus on locale settings and student racial and 

socio- economic populations. Identifying such differences, if 

they exist, may suggest critical implications for addressing dis-

parities in access to sustained and high- quality STEM teachers. 

Meanwhile, the emphasis on locale settings is especially im-

portant to the context of our study, given Kansas and Missouri's 

unique combinations of remotely rural regions alongside histori-

cally industrialized metropolitan areas. Geographical isolations 

and alternative employment opportunities from nearby indus-

trial hubs may pose challenges to the recruitment and retention 

of STEM teachers in these states.

Based on the conceptual framework and our research context, 

we hypothesize turnover among STEM teachers in Kansas 

and Missouri would differ among school locales and be-

tween schools serving a majority of minoritized and impover-

ished students versus schools serving a majority of White and 

socio- economically advantaged students. As consistently sug-

gested by the literature, teacher characteristics and working 

conditions in these varied school settings tend to differ substan-

tially (Bettini et al. 2016; Nguyen 2021; Rodriguez, Nguyen, and 

Springer  2023) and, thus, could potentially differentiate their 

turnover patterns. Although our primary interest lies in the sec-

ond domain—school factors—of Nguyen and Springer's (2023) 

conceptual framework, we include variables from the other two 

domains in our analysis as control variables. These include ob-

served teachers' demographic and qualification characteristics 

(from the first domain), as well as other working environment 

factors, such as observed school characteristics, teacher salary, 

and unobservable time-  and district- invariant elements (from 

the second and third domains).

3   |   Literature Review

3.1   |   STEM Teacher Demographics

The demographic characteristics of STEM teachers are signifi-

cant to student learning through various mechanisms, such as 

role- modeling effects and students' preferences for instructional 

styles (Dee  2004; Ehrenberg, Goldhaber, and Brewer  1995; 

Foster 1993). Having a teacher of the same gender or race/ethnic-

ity is positively related to student academic achievement and be-

havior outcomes and can shape their choice of college major and 

career aspirations (Bottia et al.  2015; Egalite and Kisida 2018; 

Holt and Gershenson  2019; Lim and Meer  2020; Lindsay and 

Hart 2017; Rasheed et al. 2020; Redding 2019; Sass 2015). For 

example, Lim and Meer (2020) find having a female mathemat-

ics teacher in seventh grade increased the likelihood that female 

students take higher- level mathematics courses, aspire to a 

STEM degree, and attend a STEM- focused high school. A sys-

tematic review shows strong evidence that Black students scored 

higher on achievement tests in various subjects, especially 

mathematics, when assigned to a Black teacher (Redding 2019).

However, STEM teachers have historically been more likely to 

identify as male and White (Bruno and Lewis  2021; Ingersoll 

and May 2012). This disparity suggests that women and students 

of color are less likely to have STEM teachers who share their 

gender or race/ethnicity, reducing their likelihood of benefiting 

from the teacher- student gender or racial/ethnic congruence 

discussed above. Recent research has noted significant improve-

ments: the share of female STEM teachers increased from 43% 

in 1988 to 64% in 2012, and the representation of Hispanic and 

Asian educators rose from 2% to 6% and from 1% to 3%, respec-

tively (Nguyen and Redding 2018). Despite these improvements, 

mismatches between the racial distributions of teachers and stu-

dents persist. For example, in the 2017–2018 school year, about 

80% of U.S. mathematics and science teachers were White, com-

pared to 48% of students (National Science Board and National 

Science Foundation 2021a).

3.2   |   STEM Teacher Qualifications

In addition to their demographics, teacher qualifications, such 

as their years of teaching experience, certifications, and de-

gree levels, are crucial to student STEM learning. Teacher 
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productivity increases with experience (Harris and Sass  2011; 

Stewart et  al.  2019), though significant variation exists in the 

returns by experience on effectiveness among different STEM 

disciplines, including algebra, geometry, biology, chemistry, 

and physics (Henry, Fortner, and Bastian 2012). Mansell (2024) 

highlights students taught by teachers prepared through a 

traditional certification pathway scored higher on their biol-

ogy achievement tests than those taught by teachers who un-

derwent an alternative pathway. Similarly, a higher percent 

of full- time state- licensed teachers correlates with increased 

achievement levels and greater student growth rates in mathe-

matics (Heck 2007). In addition, having high school mathemat-

ics and physics teachers with a mathematics or physics degree, 

respectively, is associated with a higher likelihood of students 

taking STEM courses in their first year of higher education (Key 

and Sass 2019).

Despite the importance of teacher qualifications, persistent dis-

parities exist in access to high- quality STEM teachers among 

different student populations across the United States. STEM 

teachers in high- poverty schools are less likely to hold a grad-

uate degree and more often are novice teachers (Nguyen and 

Redding 2018). In the 2017–2018 school year, approximately 60% 

of U.S. high school mathematics and computer science teachers 

in schools where fewer than 75% of students were eligible for free 

or reduced- price lunch (FRPL) held both a degree and a certifi-

cate in their respective fields. Conversely, in schools with 75% or 

more students eligible for FRPL, only 50% of teachers had such 

qualifications. This gap was similarly observed in schools with 

predominantly racially minoritized student enrollments (Gray, 

Taie, and Lewis  2022). At the state level, racially minoritized 

and economically disadvantaged students in Tennessee were 5 

to 15 percentage points less likely to have access to high- quality 

mathematics and reading teachers, with the most pronounced 

gaps in urban areas (Rodriguez, Nguyen, and Springer  2023). 

In addition, research from Florida and North Carolina indi-

cates that the average effectiveness of teachers in high- poverty 

schools generally falls below that of teachers in other schools 

(Sass et al. 2012).

3.3   |   STEM Teacher Turnover

Persistently high rates of teacher turnover negatively impact 

student learning (Carver- Thomas and Darling- Hammond 2017; 

Ronfeldt, Loeb, and Wyckoff  2013) and can lead to numer-

ous organizational challenges within schools (Allensworth, 

Ponisciak, and Mazzeo 2009; Hanselman et al. 2016; Simon and 

Johnson  2015). Teacher turnover is particularly high in areas 

characterized by lower incomes and higher percent of students 

of color, both historically (Malkus, Hoyer, and Sparks  2015; 

Marinell and Coca 2013; Williams, Swain, and Graham 2021) 

and recently (Goldhaber and Theobald 2023). These challenges 

exacerbate efforts to enhance the diversity and qualifications of 

STEM teachers, thereby limiting educational opportunities for 

historically marginalized students.

The literature presents a nuanced picture of turnover among 

STEM teachers compared to their counterparts in non- STEM 

disciplines. A meta- analysis synthesizing findings from 

40 years of research showed that STEM teachers exhibited 

marginally higher turnover rates relative to non- STEM teach-

ers (Nguyen et  al.  2020). Conversely, more recent empirical 

work suggests that STEM teachers either demonstrate com-

parable or lower turnover rates compared to teachers in 

other subject areas (Bardelli and Ronfeldt 2021; Nguyen and 

Redding 2018; Sullivan et al. 2017; Taie and Lewis 2023). For 

instance, in 2020–2021, public school mathematics and natu-

ral science teachers turned over at 14.3% and 12.8%, respec-

tively, lower than the attrition rate of all teachers (15.9%) (Taie 

and Lewis 2023).

However, research focusing specifically on STEM teacher 

turnover trends over time, including those encompassing 

the period after the COVID- 19 pandemic, remains limited. 

The scant evidence suggests turnover patterns among STEM 

teachers are not different from those observed among all 

teachers in the post- COVID- 19 era (Hopkins, Strunk, and 

Rogers 2023). Meanwhile, recent studies suggest turnover in 

the overall teacher workforce was relatively stable prior to the 

pandemic, while some states even saw a decline in 2019–2020, 

the school year in which the outbreak was first declared in the 

United States; yet, many states observed increases in teacher 

turnover in 2020–2021, and some saw record high turnover 

rates 3 years after the pandemic outbreak (Bacher- Hicks, Chi, 

and Orellana 2023; Bastian and Fuller 2023; Camp, Zamarro, 

and McGee  2023; Goldhaber and Theobald  2023; Hopkins, 

Strunk, and Rogers  2023). For example, Massachusetts' 

teacher turnover rate was 14.8% in 2020–2021, slightly lower 

than the state's pre- pandemic levels, but then surged to 17.5% 

in 2021–2022 (Bacher- Hicks, Chi, and Orellana  2023). Data 

from Washington even show a dip in turnover in 2019–2020 

to slightly over 15%, followed by a sharp increase reaching al-

most 20% in 2022–2023, marking a historic high for the state 

(Goldhaber and Theobald 2023).

3.4   |   Factors of STEM Teacher Turnover

Teacher demographic and qualification characteristics, 

including gender, race/ethnicity, certifications, experi-

ence, and degrees, have been examined with respect to 

teacher turnover in the extensive literature (Borman and 

Dowling 2008; Macdonald 1999; Nguyen et al. 2020; Nguyen 

and Springer 2023). The findings regarding gender and race/

ethnicity are inconclusive; more recent studies and those 

utilizing longitudinal data show no significant differences 

in turnover rates between female and male teachers, or be-

tween teachers of color and their White colleagues (Nguyen 

et  al.  2020; Nguyen and Springer  2023). As for qualification 

factors, early- career teachers are consistently found more 

likely to turn over than more experienced teachers (Fuller and 

Pendola  2019; Papay et  al.  2017; Redding and Henry  2018). 

Some studies note teachers with graduate degrees turned over 

at marginally higher rates than those with bachelor's degrees 

(Marinell and Coca 2013; Rockoff et al. 2011), yet such find-

ings remain inconclusive within the current turnover litera-

ture landscape (Nguyen et al. 2020).

Teacher working conditions, including school organizational 

characteristics, student body characteristics, urbanicity, 

and salary and compensation, have been linked to teacher 
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turnover. Research consistently shows STEM teachers turn 

over at higher rates in schools serving more students of dis-

advantaged backgrounds (Carver- Thomas and Darling- 

Hammond  2017; Ingersoll and May  2012; McConnell, 2017; 

Nguyen and Redding 2018). For instance, national represen-

tative data from 2012 to 2013 showed that mathematics and 

science teachers in Title I schools had a 17.8% turnover rate 

compared to 10.5% in non- Title I schools (Carver- Thomas and 

Darling- Hammond 2017).

While many studies identify challenges in recruiting and re-

taining teachers in rural areas that may stem from the remote-

ness of their surroundings, such as low salaries, professional 

isolation, and restricted access to professional development 

(Boyd et al. 2005; Lazarev et al. 2017; Rhinesmith et al. 2023), 

there is no consistent conclusion regarding whether rural 

school teachers are more or less likely to turn over com-

pared to their colleagues in urban areas (Han and Hur 2022; 

Hodges, Tippins, and Oliver 2013; Imazeki 2005; Ingersoll and 

Tran 2023; Lochmiller, Sugimoto, and Muller 2016; Palermo, 

Kelly, and Krakehl 2021, 2022). This is likely because the ex-

isting literature often concentrates on large urban areas, uti-

lizing limited samples of rural teachers, while rural school 

contexts—such as the social and economic environments they 

operate within and the student populations they serve—can 

vary significantly across regions (Nelson and Nguyen  2023; 

Nguyen 2020a, 2020b).

It is also notable that STEM teachers, in particular, have 

been found to be responsive to salary differences (Bueno and 

Sass 2018; Clotfelter et al. 2008; Feng and Sass 2018; Ingersoll 

and May 2012; Nguyen and Redding 2018). In North Carolina 

school districts, a modest bonus of $1800 given to certified 

mathematics and science teachers was sufficient to reduce the 

mean turnover rates of the targeted teachers by 17% (Clotfelter 

et al. 2008). Similarly, a study in Georgia found a statewide pro-

gram that provided bonuses to mathematics and science teach-

ers reduced the probability of teacher turning over by 18%–28% 

(Bueno and Sass 2018). This responsiveness may be partly due 

to the significant salary gap between STEM professionals and 

STEM educators (Hansen, Breazeale, and Blankenship  2019). 

In fact, STEM teachers typically have more opportunities out-

side of education and can command slightly higher salaries than 

non- STEM teachers when they leave public schools (Brummet 

et al. 2024).

In addition, supportive work environments, such as greater 

classroom autonomy, improved administrative support, 

and targeted professional development, are important fac-

tors impacting STEM teacher turnover (Han and Hur  2022; 

Ingersoll and May  2012; Nguyen and Redding  2018; Suárez 

and Wright 2019).

3.5   |   Kansas and Missouri Contexts

Kansas and Missouri, two contiguous states in the U.S. 

Midwest, share similar socio- economic landscapes, with fewer 

than 20% of schools classified as urban, with much of its geog-

raphy some of the most geographically isolated in the country 

(Nguyen 2020a). Despite their rural predominance, both states 

also have major metropolitan areas where students and teachers 

of color are disproportionately served and employed (Anglum, 

Manion, and Varkey 2024; Nguyen 2020b). For example, more 

than 70% of Missouri's traditional public school districts are in 

rural areas, yet these districts serve fewer than a quarter of the 

state's total student and teacher populations (Anglum, Manion, 

and Varkey 2024).

In addition, the demographic distributions of the teacher work-

force in both Kansas and Missouri are predominantly White, 

prompting discussions on the need for greater diversity to bet-

ter reflect their student populations. In Kansas and Missouri, 

only 10% and 7% of public school teachers are people of color, 

compared to 37% and 31% of public K- 12 students, respectively. 

Consequently, both states have approximately four times as 

many students of color as they have teachers of color, a gap sig-

nificantly wider than the national averages, where 20% of public 

school teachers and 50% of public K- 12 students are people of 

color (Swisher 2023).

The salaries for teachers in both states are well below the 

national average. For the 2022–2023 school year, the aver-

age salary for K- 12 teachers in Missouri was $53,999, placing 

the state 46th nationally, while Kansas had a slightly higher 

average salary of $56,481, ranking 39th (National Education 

Association  2024b). Starting salaries are even lower, with 

Missouri ranked 50th at $36,829 and Kansas 35th at $41,200 

(National Education Association  2024a). Although many 

school districts nationwide claim to offer additional pay for 

teachers in high- need subjects such as STEM (Putman and 

Nittler  2019), neither state has implemented differential pay 

policies to support higher salaries for STEM teachers (National 

Council on Teacher Quality 2021).

Teachers in Kansas and Missouri generally exhibit turnover 

rates that fall within the middle to higher ranges compared to 

other states (Carver- Thomas and Darling- Hammond 2017). The 

distinct contexts of these two states suggest that their teacher 

turnover patterns may not align with national trends. For in-

stance, while teachers with graduate degrees in the Great Plains 

area are generally more likely to leave their positions, those in 

Kansas with similar qualifications are substantially less likely to 

experience turnover (Nguyen 2020b).

Mathematics and science are subject areas experienc-

ing significant teacher shortages in both states (Educate 

Kansas 2024; Katnik 2023). To address this issue, both states 

have implemented policies and programs aimed at recruiting 

more teachers in hard- to- fill areas. A range of these policies 

supports potential teachers in acquiring degrees or endorse-

ments in STEM fields through loan cancellation, scholar-

ships, and financial aid (The Kansas Board of Regents 2024b; 

Missouri Department of Higher Education and Workforce 

Development 2024a, 2024b). For instance, the Kansas Teacher 

Service Scholarship offers financial assistance of up to $6504 

per academic year for the 2024–2025 cohort to students in 

bachelor's degree programs and licensed teachers pursuing 

endorsements or master's degrees in high- need disciplines, 

as well as those planning to teach in underserved areas (The 

Kansas Board of Regents  2024a). In addition, both states 

have implemented general teacher recruitment and retention 
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policies, such as “Grow- your- own” programs aimed at recruit-

ing and diversifying the workforce (Kansas State Department 

of Education 2024; The Hunt Institute 2024).

3.6   |   Contributions

Our study highlights notable demographic trends among Kansas 

and Missouri STEM teachers throughout the past decade, noting 

changes in annual shares of early- career teachers, STEM certi-

fication, along with rising turnover rates overall and especially 

in urban schools, schools serving more racially diverse students, 

and schools serving higher percent of socio- economically disad-

vantaged students.

Our research contributes to the field in three important ways. 

First, it is the first study to use longitudinal data spanning 

over a decade to analyze changes in the characteristics and 

working conditions of all STEM teachers. In 2011, President 

Barack Obama emphasized the importance of advancing the 

national STEM agenda in his State of the Union address, a 

focus that continues under President Joe Biden's promotion 

of STEM education initiatives (The White House  2022; U.S. 

Department of Education  2022). As policymakers priori-

tize the development of the STEM teaching workforce, our 

study provides detailed evidence on how the characteristics 

and working conditions of STEM teachers have evolved over 

the past decade amid these policy and economic changes. 

Second, our research deepens the understanding of the STEM 

teacher workforce by focusing on Kansas and Missouri, two 

Midwestern states whose teacher labor markets have tradi-

tionally been underexplored. By examining variations within 

these states across different school contexts, we offer holistic 

insights into their STEM teacher workforce. Third, we inves-

tigate factors that may influence STEM teacher turnover, lay-

ing the groundwork for policy discussions and future research 

aimed at retaining teachers and supporting equitable student 

development in STEM fields.

4   |   Data and Methods

This study employed data from the Kansas Educator Data 

Collection and the Missouri Core Data System from 2010–2011 

to 2022–2023, including demographic characteristics, qualifi-

cations, and employment information (e.g., district and school 

information, employment hours, and course assignments) on all 

public school teachers in Kansas and Missouri.

We curated data for the teachers' primary teaching assignment, 

by highest full- time or equivalent status (FTE), in elementary 

and secondary schools, excluding central offices and/or special-

ized programs to attain consistency between the two states and 

across years. We then matched the state data with the National 

Center for Education Statistics (NCES)'s  school- level Common 

Core Data (CCD) to obtain information on the teachers' working 

conditions, such as school locale and student body characteris-

tics, since these school factors are crucial for research on teacher 

workforces and understanding teacher mobility (e.g., Nguyen 

and Springer 2023). We provide the details of all data points and 

curation processes in Appendices S1 and S2.

4.1   |   Identifying STEM Teachers and STEM 
Certification

We identified STEM teachers as non- elementary teachers whose 

primary/highest- FTE teaching assignment is in the areas of math-

ematics, computer science, and natural sciences that include biol-

ogy, chemistry, earth and space science, and physics. We included 

only computer science subject matters that directly stemmed 

from mathematics, such as algorithm development or program-

ming methodology, while excluding those that generally cov-

ered computer applications. We did not include technology and 

engineering, as they could not be consistently identified from 

our data. We also excluded elementary- school teachers, as gen-

eral and subject- matter specific teachers in elementary school 

were not clearly distinguished in our data, especially in the early 

half of the panel. Besides, from the certification perspectives of 

Kansas and Missouri, there are no STEM teachers in elementary 

grades. Kansas, for example, offers STEM certification pathways 

only for middle-  and secondary- level teachers (grades 5–8 and 

grades 7–12), while the elementary certification (grades K- 6) 

allows teachers to teach both general and STEM subjects. The 

STEM subject areas are identified using a computer algorithm 

that we developed, and the school levels are based on the 2016–

2017 school level logic by the NCES (2023) (see Appendix S2 for 

more details).

In addition to identifying STEM teachers based on what they 

taught, we also identified teachers who were certified in STEM 

areas, specifically in mathematics, computer science, and natu-

ral sciences, as defined above. The certification areas were also 

systematically classified by our algorithm. Due to the lack of 

effective and expiration dates in our data, we identified STEM- 

certified teachers as those who were ever certified in a STEM 

subject area over any year of our panel. This approach has lim-

itations, as it may include a small subset of STEM teachers who 

obtained certification in a later year instead of the current year, 

or those whose certification were earned in a prior year but have 

since expired.

4.2   |   Identifying Teacher Mobility

We identified five different forms of teacher mobility, includ-

ing stayer, school switcher, district switcher, leaver, and closure 

mover. Given a school year and conditioning on its continu-

ing operation status, a stayer, or returning teacher, is one who 

would remain employed in the same position through the 

immediate next school year. In this vein, a school switcher 

is identified if the teacher switched to another school but re-

mained in the same district. A district switcher is identified 

if they switched to a different district in the same state. A 

leaver is identified if the teacher was no longer observed in the 

state's public elementary and secondary schools. Finally, if the 

school was closed and the teacher was forced to move (either 

to another school or out of the system), they were classified 

as a closure mover. Our research does not focus on the mobil-

ity of closure movers, but they must be identified to be sepa-

rated from the analysis of other turnovers. The (non- closure) 

switchers and leavers comprised the group of turned over 

teachers, henceforth the measure “overall turnover,” which is 

the focus of our study.
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It is important to note that teacher mobility could only be ob-

served within each state separately. Our data did not allow us to 

observe teachers who moved between Kansas and Missouri, or 

those who left the states' public school systems.

4.3   |   Analytic Approaches

For this study, we employed both descriptive and regression 

analyses. The descriptive analysis addresses the first and second 

research questions, while the regression analysis focuses on the 

third research question. We describe the details of our method-

ology below.

First, we used descriptive statistics to examine the characteris-

tics of the STEM teachers who served in Kansas and Missouri 

public elementary and secondary schools in the past 13 years. 

We analyzed annual changes in the teachers' demographics, 

including age, race, and gender, as well as qualifications, in-

cluding teaching experience, STEM certification, and graduate 

degree. As there has been substantial interest in the literature 

regarding differences among teachers across school and stu-

dent contexts (e.g., Goldhaber, Quince, and Theobald 2019), we 

disaggregated and examined the teachers' data by school locale 

(urban, suburban, and rural/town) and student body character-

istics, including annual quartiles by the school's percent of stu-

dents of color and annual quartiles based on the school's percent 

of FRPL- eligible students.

We note that while some prior work relied on fixed percentage- 

point benchmarks (e.g., 25%, 50%, or 75%) to categorize 

schools (e.g., Ingersoll and May  2012; Nguyen, Anglum, 

and Crouch  2023; Nguyen and Redding  2018; Simon and 

Johnson  2015), we used annual school quartiles to account 

for the heavily skewed and changing distributions of student 

characteristics in Kansas and Missouri, especially race/eth-

nicity and to obtain comparable numbers of schools per cat-

egory across years (Appendix S3: Table C1). We report these 

annual quartiles in Appendix S3: Table C1 of the Supporting 

Information. In addition, the school quartiles are based on the 

whole sample of Kansas and Missouri teachers, as opposed 

to STEM teachers only, thus the findings could be contextu-

alized in terms of the overall Kansas and Missouri teacher 

workforce.

Regarding the second question, we began by examining 

the annual rates of overall turnover among STEM teachers 

in Kansas and Missouri. We also compared turnover rates 

among school locales and quartiles based on student racial/

ethnic and socio- economic backgrounds because some prior 

work suggested mobility differences among teachers serving 

in these school settings (e.g., Ingersoll and May 2012), as well 

as examined whether the patterns had changed over time by 

observing the year- to- year statistics. In the same vein, we ex-

amined the teachers' turnover rates in specific forms (school 

switchers, district switchers, and leavers) among schools 

across locale settings and student racial and socio- economic 

quartiles. Examining these form- specific turnovers is im-

portant as they may suggest different policy implications at 

the school, district, and state levels, and earlier research 

has found differentiated associations between these specific 

career movements and school and student contexts (Clotfelter, 

Ladd, and Vigdor 2011; Elfers, Plecki, and Knapp 2006; Kukla- 

Acevedo 2009; Larkin et al. 2022).

As for the third research question, we conducted regression 

analysis to further examine the extents to which turnover 

among STEM teachers in Kansas and Missouri related to their 

characteristics and the conditions in which they worked. We 

conducted the main analysis by estimating the following lin-

ear probability model (LPM) on the turnover outcomes1:

where Yist is the turnover outcome of teacher i from school s 

in year t , which equals one if the teacher turned over and zero 

if they stayed. On the right- hand side, Tcherist is a vector of 

teacher factors of interest, including demographic characteris-

tics (female, teacher of color), and qualifications (novice/ hav-

ing up to 3 years of teaching experience, STEM- certified, and 

having obtained a graduate degree). WorkCondist is a vector 

of working conditions of interest, including inflation- adjusted 

base salary, school- level locale setting (urban, suburban), and 

school- level student racial quartiles, and school- level FRPL- 

based quartiles. Controlsist is a vector of control variables, 

including whether the teacher was certified and/or taught in 

the areas of career and technical education (CTE), and/or in 

special education or English for speakers of second languages 

(SPED/ESOL), as it would be natural for a teacher to have addi-

tional CTE assignment(s) due to their specialty in STEM, and 

such assignments might relate to their turnover; by the same 

token, SPED/ESOL assignments should also be controlled for 

as teachers in general might be assigned SPED/ESOL- related 

tasks depending on the school's needs, especially when fac-

ing challenges finding SPED/ESOL teachers (Nguyen, Lam, 

and Bruno 2024), and SPED/ESOL teaching would likely cor-

respond to teacher turnover (Billingsley and Bettini  2019). 

Moreover, Controlsist consists of working condition factors 

that the literature suggested associated with teacher turnover 

(Nguyen et al. 2020), including employment status (less than 

full- time), school level (high school, other level), school type 

(charter, magnet), school size (student enrollment), and per-

centages of female students, also controlling for student body 

demographic characteristics. Furthermore, Controlsist includes 

flags of outliers and/or abnormally recorded data in terms of 

FTE and salary (details in Appendix S1). In addition, we in-

cluded year and district fixed effects to control for the time-  

and district- invariant factors that were unobservable from our 

data. Finally, �ist represents the error term. The models were 

estimated with heteroskedasticity- robust standard errors clus-

tered at the district level.

In addition, we examined the factors of STEM teacher turn-

over specific to each locale setting. This was because we ob-

served significantly skewed and vastly different distributions 

of student characteristics among school locales, particularly 

in terms of racial/ethnic and socio- economic compositions 

(Appendix  S3: Tables C2–C4). For instance, urban schools 

tended to enroll student populations that were heavily skewed 

with FRPL eligibility, while student bodies in rural/town 

schools were predominantly populated by White students. 

Yist= �0+Tcher
�

ist
�1+WorkCond�

ist
�2

+Controls�
ist
�3+Yeart+Districts+�ist,
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Meanwhile, suburban schools enrolled skewed student distri-

butions in both terms, by having much fewer FRPL- eligible 

students than urban schools, while serving higher shares of 

students of color than rural/town schools. Different student 

contexts among school locales could relate to disparities 

among teacher characteristics and their working conditions, 

thus might differentiate turnover outcomes (Rodriguez, 

Nguyen, and Springer 2023). We therefore estimated the turn-

over regressions separately for subsamples of STEM teachers 

in each locale. The school quartiles in this secondary analysis 

were locale- specific, while all other specifications remained 

the same.

5   |   Results

5.1   |   RQ1—The Kansas and Missouri STEM 
Teaching Force

Table  1 highlights results from the descriptive analysis of 

STEM teachers. The full set of descriptive statistics is provided 

in Appendices S4 and S5. Overall, about 66% of STEM teach-

ers in Kansas and Missouri were women, 16% were under 

30 years old, and only 6% were teachers of color, per the pooled 

statistics. Noticeably, the rate of teachers under 30 years old 

rose from 16% in 2012–2013 to 17% between 2014 and 2019, 

then dropped to 15% in 2022–2023. Taking a closer look, while 

Kansas had a lower share of under- 30 STEM teachers com-

pared to Missouri (14% vs. 17% overall), the downtrend in 

Missouri was more salient than in Kansas, from 18% in 2012–

2013 to 16% in 2022–2023 (Appendix  S5 Tables E1 and E2), 

suggesting differences exist between these two states despites 

their many similarities.

As for qualifications, the share of novices among Kansas and 

Missouri STEM teachers has been on a decline from 20% in 

2010–2011 to 17% in 2022–2023. The STEM certification rate also 

decreased, from 72% in 2010–2011 to around 65% in 2022–2023. 

As this measure did not account for certification dates, such a 

downtrend could be more dramatic if counting exclusively ac-

tive STEM certification. Relatedly, the share of graduate degree 

holders in the states' STEM teacher workforce has slightly in-

creased, from 54% in 2010–2011 to 55% in 2022–2023. Notably, 

Missouri employed a substantially larger share of STEM teach-

ers with graduate degrees compared to Kansas (62% vs. 39%, per 

the pooled statistics).

Regarding working conditions, we first notice contrasting pat-

terns between the unadjusted and inflation- adjusted salary fig-

ures. The teachers' unadjusted salary, on average, increased from 

$44,000 in 2010–2011 to about $54,000 in 2022–2023. However, 

the inflation- adjusted salary (in 2023 dollars) was almost $60,000 

in 2010–2011, gradually dropped to about $58,000 in 2020–2021, 

and dramatically fell to around $55,000 beginning in 2021–2022. 

In terms of school locales and student characteristics, about 18% 

STEM teachers in Kansas and Missouri were employed in urban 

schools, 24% in suburban schools, and 57% in rural or town 

schools. Across the panel, about 47% of students were eligible 

for FRPL, while the average rate of students of color has sub-

stantially increased, from 25% in 2010–2011 to 31% in 2022–2023.

Examining teacher characteristics by school locale and student 

body quartile, we find substantial and persisting racial and qual-

ification gaps among STEM teachers across these settings. To 

better contextualize the findings, we note schools in the first 

quartiles of students of color enrolled less than 5% to less than 9% 

students of color a year, while schools in the fourth quartiles en-

rolled over 32% to over 41% minoritized students (Appendix S3: 

Table C1). Meanwhile, schools in the first FRPL eligibility quar-

tiles enrolled from under 30% to under 39% FRPL- eligible stu-

dents, and the fourth quartiles had from over 63% to over 70% 

FRPL eligibility.

Kansas and Missouri seemed to employ similar portions of 

teachers of color for their STEM instruction, yet a close look 

indicated some upward trending among Kansas STEM teach-

ers but not in Missouri (Figure 1). Across school locales, we 

find high concentrations of STEM teachers of color in urban 

schools, where the annual shares of teachers of color were 

nearly twice as much as those in suburban and six to nine 

times higher than in rural/town schools. Meanwhile, huge 

teacher racial gaps exist across student body quartiles. The 

annual shares of teachers of color among STEM teachers in 

fourth- quartile schools, either by percent of minoritized or 

FRPL- eligible students, are from 10 to 20 times higher than 

in other quartiles.

In terms of qualifications, urban schools and schools serving 

the fourth quartiles of students of color and FRPL eligibility 

consistently employed the least experienced STEM teaching 

force, by annual shares of novice STEM teachers, compared 

to schools in other locale settings and schools serving lower 

shares of minoritized and FRPL- eligible students (Figure 2). 

Meanwhile, STEM certification rates were the highest among 

STEM teachers in suburban schools and schools serving the 

lowest quartiles of FRPL- eligible students. The shares of 

graduate degree holders were also the highest among subur-

ban STEM teachers, with about 20 percentage points higher 

compared to the shares among their urban and rural/town 

counterparts, as well as the highest among STEM teachers 

serving the lowest quartiles of FRPL- eligible students, with 

10 to 15 percentage points higher than among STEM teachers 

serving a higher percent of socio- economically disadvantaged 

students.

In summary, our analysis for RQ1 shows STEM teachers in 

Kansas and Missouri are majority women and predominantly 

White. In contrast, the rate of students of color they serve has 

substantially increased, underscoring stagnated teacher di-

versity relative to the growing diversity among students. We 

also observe declines in the rates of young and early- career 

STEM teachers, STEM certification, and stagnated STEM 

teacher salary, especially after the pandemic outbreak. Most 

importantly, we observe huge and persistent gaps in racial 

representation and qualifications of STEM teachers across 

school locales and quartiles of minoritized and impoverished 

students. Urban schools and those serving the highest quar-

tiles of marginalized students employed the least experienced 

and credentialed STEM teacher workforces, while students 

in rural school settings had the least access to diverse STEM 

teachers.
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5.2   |   RQ2—STEM Teacher Turnover in Kansas 
and Missouri

Overall, turnover among Kansas and Missouri STEM teachers 

has increased over the past 13 years. About 13%–15% of STEM 

teachers turned over a year from 2010 through 2021 (Figure 3). 

In 2021–2022, the overall turnover rate surged to almost 20%, 

reflecting turnover trends elsewhere in the post- COVID- 19 era 

(e.g., Goldhaber and Theobald 2023).

There were some differences in STEM teacher turnover between 

Kansas and Missouri. In 2016–2017, Kansas' STEM teacher 

turnover peaked at a rate of 19%, while Missouri's was 14%. 

Both states experienced post- COVID- 19 turnover surges, but 

the increase in Missouri was substantially higher, rising to over 

20% compared to Kansas' 17%. Noticeably, immediately after the 

pandemic outbreak (2019–2020), while STEM teacher turnover 

in Kansas dropped from 15% to 14%, Missouri experienced an 

increase from under 14% to over 15%.

We also observe turnover differences among school locales and 

student body quartiles. Throughout the panel, urban schools 

exhibited the highest annual rates of STEM teacher turnover: 

2 to 7 percentage points higher than rural/town schools, and 5 

to 9 percentage  points higher than suburban schools. Among 

school quartiles by percent of students of color, STEM teachers 

of the fourth quartiles turned over at the highest rates, from 3 to 

7 percentage points higher than those of the first three quartiles. 

The differences were even more pronounced among schools by 

FRPL eligibility quartiles, where STEM teachers in the fourth 

quartiles turned over at rates that were 4 to 8 percentage points 

higher than in the third and second quartiles, and 7 to 10 per-

centage points higher than in the first quartiles.

In terms of turnover in specific forms, STEM teachers in Kansas 

and Missouri left their states' public secondary schools more 

often than switching, with 8% teacher- year observations re-

corded as leavers, compared to only 6.7% switchers, including 

2.5% and 4.2% at the school and district levels, respectively 

(Table 2).

Diving deeper, Kansas STEM teachers left school systems more 

frequently, with 9.8% recorded as leavers compared to Missouri's 

7.2%, while Missouri STEM teachers switched schools more 

often, 7.2% compared to 5.5% in Kansas. Urban STEM teachers 

FIGURE 1    |    STEM teachers of color by state, school locale, and student body quartiles.
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switched schools at the highest rates, compared to those in sub-

urban and rural/town schools, while rural/town STEM teach-

ers exhibited the highest frequencies of moving across districts, 

highlighting the geographical distinction between these locales. 

Concerningly, STEM teachers in urban schools and schools with 

the fourth quartiles of students of color and FRPL- eligible stu-

dents exhibited the highest leaver- year frequencies relative to 

their colleagues in other locales and quartiles, respectively. Even 

more concerning is such gaps in leaver rates among these school 

and student contexts are substantial and have persisted through-

out the entire 13 years, per the year- to- year specific turnover 

statistics (Figure 4). In particular, leaver rates were 2 to 4 per-

centage points higher in urban schools than in rural/town and 

suburban schools, as well as 3 to 8 percentage points higher in 

fourth- quartile schools by percent of students of color and FRPL 

eligibility than schools in the first three quartiles.

In brief, our analysis for RQ2 shows STEM teacher turnover 

in Kansas and Missouri has been increasing, especially in 

the most recent school year (2021–2022). Despites the over-

all trend, we observe large and persistent gaps in turnover 

rates across school locales and varied student racial and 

socio- economic populations, with urban schools and schools 

serving the highest quartiles of marginalized students expe-

riencing the least- frequently retained STEM teaching force. 

This consistently reflects the findings of RQ1. Relatedly, we 

notice STEM teacher turnover differs between Kansas and 

Missouri, especially in turnover forms.

5.3   |   RQ3—Factors of STEM Teacher Turnover in 
Kansas and Missouri

Table 3 below highlights the results of the primary regression 

analysis. The full set of results and robustness checks are given 

in Appendices S6 and S7.

First, we notice women STEM teachers in Kansas and 

Missouri were slightly less likely to turn over compared to 

men, while STEM teachers of color were not more or less 

likely to turn over relative to White STEM teachers (Table 3). 

Novice STEM teachers were significantly more likely to turn 

over compared to their more experienced counterparts, partic-

ularly as district switchers and leavers, while graduate degree 

FIGURE 2    |    STEM teacher qualifications by school locale and student body quartiles.
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holders were significantly more likely to turn over in all forms 

relative to their colleagues without a graduate degree. STEM 

teachers with STEM certification were not more or less likely 

to turn over overall compared to non- STEM- certified teach-

ers. This estimate, however, obscured the nuances in turnover 

among STEM- certified STEM teachers, as the form- specific 

turnover regression showed they were more likely to switch 

districts but less likely to depart as leavers. We also replicated 

the estimates separately for each state as robustness checks 

(Appendix  S7: Table  G3). While most estimates were sim-

ilar between the states, in Kansas, STEM- certified teachers 

were significantly less likely to turn over compared to their 

non- STEM- certified colleagues, whereas in Missouri, STEM- 

certified teachers were significantly more likely to turn over 

compared to non- STEM- certified teachers.

As for working conditions, teacher salary was significantly 

related to turnover among STEM teachers in Kansas and 

Missouri: a $10,000 increase in the inflation- adjusted base 

salary was associated with a 1.3 percentage point decrease in 

probability of overall turnover. Notably, the association be-

tween salary and district switching is substantially larger in 

magnitude compared to that between salary and leaving among 

STEM teachers (1.0 vs. 0.3 percentage points). Meanwhile, 

school locales and school quartiles by percent of students of 

color were not significantly associated with turnover among 

STEM teachers, which appeared inconsistent with the descrip-

tive analysis results. This seems to relate to the regression con-

trols, however. Relaxing the district fixed effects (Appendix S6: 

Table  F1), locale settings and students of color quartiles 

were significantly associated with STEM teacher turnover. 

Controlling for district- invariant factors could have absorbed 

variation in turnover outcomes that were related to school lo-

cales and/or student of color quartiles. Nevertheless, STEM 

teachers serving in schools in the third and fourth FRPL eligi-

bility quartiles were 1.2 and 2.0 percentage points significantly 

more likely to turn over compared to STEM teachers employed 

in first- quartile schools, even with the district fixed effects in-

cluded. More importantly, these high FRPL- eligibility quartile 

STEM teachers were particularly more likely to depart as leav-

ers, especially the fourth- quartile STEM teachers, as shown by 

the descriptive analysis, who were 1.2 percentage points more 

likely to resign from school systems relative to their colleagues 

in the first FRPL- eligibility quartiles.

FIGURE 3    |    STEM teachers' annual turnover rates by state, school locale, and student body quartiles.
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5.3.1   |   Factors of STEM Teacher Turnover Across 

Locale Settings

Estimating the regression separately for each locale (Table 4), we 

not only find nuances in the relationship between student body 

characteristics and STEM teacher turnover that were obscured 

in the main analysis but also distinctive patterns with respect to 

other factors.

In particular, female STEM teachers were significantly less 

likely to turn over relative to men in rural/town areas but not in 

urban and suburban regions. Novice STEM teachers were sig-

nificantly more likely to turn over relative to veteran teachers 

across locales, with a particularly higher risk of turning over in 

rural/town areas than in urban or suburban contexts. Notably, 

a $10,000 increase in the inflation- adjusted base salary was sig-

nificantly associated with a 2.1 percentage point decrease in the 

probability of urban STEM teacher turnover, but only 1.4 and 0.7 

percentage point decreases in the likelihood of turnover among 

rural/town and suburban STEM teachers, respectively.

As for student characteristics, student of color quartiles were sig-

nificantly related to STEM teacher turnover in urban areas, FRPL 

eligibility quartiles were significantly related to turnover among 

rural/town STEM teachers, and no significance was found as to 

STEM teachers in suburban schools. Remarkably, STEM teachers 

serving the third and fourth quartiles of students of color in urban 

areas were more likely to turn over with staggering 7.1 and 12.8 

percentage point higher likelihoods than their colleagues serving 

the first quartile. Diving deeper, STEM teachers serving high quar-

tiles of students of color in urban areas were particularly more 

likely to depart as leavers: third-  and fourth- quartile teachers were 

4.6 and 8.2 percentage points more likely to leave school systems 

compared to first- quartile teachers (Appendix S6: Table F6).

TABLE 2    |    Pooled statistics of STEM teacher turnover across school and student contexts.

School switcher District switcher Leaver

Total (overall 

turnover)

Teacher- year 

observations

Kansas 0.020 0.035 0.098 0.153 68,062

Missouri 0.027 0.045 0.072 0.144 159,318

Urban 0.042 0.037 0.109 0.188 41,922

Suburban 0.025 0.029 0.066 0.120 55,327

Rural/town 0.019 0.049 0.077 0.145 130,131

Q1 students of color 0.018 0.055 0.068 0.140 47,970

Q2 students of color 0.019 0.043 0.071 0.134 52,033

Q3 students of color 0.026 0.030 0.072 0.129 70,371

Q4 students of color 0.034 0.044 0.107 0.186 57,006

Q1 FRPL eligibility 0.021 0.027 0.065 0.114 78,828

Q2 FRPL eligibility 0.019 0.046 0.076 0.142 59,441

Q3 FRPL eligibility 0.025 0.051 0.080 0.156 49,539

Q4 FRPL eligibility 0.039 0.054 0.116 0.209 39,572

All STEM teachers 0.025 0.042 0.080 0.147 227,380

Note: Q1 through Q4 indicators represent school- level quartiles based on percent student of color and FRPL eligibility. Q1 represents the first quartile (below the 25th 
percentile), including schools with the lowest percentages of student of color or FRPL- eligible students. Q4 represents the fourth quartile (above the 75th percentile), 
indicating schools with the highest shares of students of color or FRPL- eligible students. The specific benchmarks for these quartiles are detailed in Appendix S3: 
Table C1.

FIGURE 4    |    STEM teachers' annual leaver rates by school locale and student body quartiles.
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To summarize, our analysis for RQ3 suggests turnover among 

STEM teachers in Kansas and Missouri reflects, to some extent, 

patterns observed in the general teacher workforce (Nguyen 

et al. 2020), with predictive factors including being in an early 

career stage, holding a graduate degree, and teacher salary. 

However, we uncovered additional nuances in the turnover 

of these teachers, such as certified STEM teachers being more 

likely to switch districts but less likely to leave, salary explaining 

greater variation in district switching than in leaving, and, most 

importantly, teachers serving the most impoverished students 

being significantly more likely to depart compared to those 

working in more advantageous conditions, as hypothesized in 

the Conceptual framework section. Equally important are the 

differential associations of salary and turnover in urban versus 

rural/town school settings, and that urban STEM teachers were 

significantly more likely to turn over from working in schools 

TABLE 3    |    The associations of teacher and school characteristics with various forms of STEM teacher turnover.

Overall turnover School switcher District switcher Leaver

Female −0.007** −0.001 −0.009** 0.001

(0.002) (0.001) (0.001) (0.002)

Teacher of color 0.006 0.011* −0.006+ 0.002

(0.005) (0.005) (0.003) (0.003)

Novice 0.055** 0.004+ 0.037** 0.027**

(0.004) (0.002) (0.003) (0.003)

STEM certified −0.003 −0.005** 0.014** −0.011**

(0.003) (0.002) (0.002) (0.002)

Grad degree 0.021** 0.004** 0.009** 0.013**

(0.003) (0.001) (0.001) (0.002)

Adj base salary/$10 K −0.013** −0.004** −0.010** −0.003+

(0.002) (0.001) (0.001) (0.002)

Urban area 0.004 0.008 0.001 −0.002

(0.006) (0.006) (0.003) (0.003)

Suburban area 0.005 −0.001 0.003 0.005

(0.005) (0.003) (0.002) (0.003)

Q2 students of color 0.000 −0.000 −0.001 0.001

(0.004) (0.002) (0.003) (0.003)

Q3 students of color 0.003 0.004 0.001 −0.003

(0.006) (0.003) (0.003) (0.005)

Q4 students of color 0.006 0.007+ 0.004 −0.003

(0.007) (0.004) (0.004) (0.006)

Q2 FRPL eligibility 0.006 0.000 0.001 0.006*

(0.004) (0.003) (0.002) (0.003)

Q3 FRPL eligibility 0.012** 0.004 0.004 0.007*

(0.005) (0.003) (0.003) (0.003)

Q4 FRPL eligibility 0.020** 0.008 0.005 0.012*

(0.008) (0.005) (0.004) (0.005)

Observations 208,817 183,314 186,877 194,867

Note: District and year fixed effects are employed. Standard errors clustered at the district level are in parentheses. The reference group includes STEM teachers 
who are male, white, have over 3 years of teaching experience, possess a graduate degree, and work in schools that are in rural/town area, first quartile based 
on percentages of students of color, and first quartile based on percentages of FRPL- eligible students. The full set of results, including controls, are provided in 
Appendix S6: Table F2.
+p < 0.10.
*p < 0.05. 
**p < 0.01.
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with the highest quartiles of students of color, while rural/town 

STEM teachers were significantly more likely to depart from 

serving in schools with the highest quartiles of FRPL- eligible 

students.

6   |   Discussion and Conclusion

In this paper, we examine changes in STEM teacher character-

istics and mobility patterns in Kansas and Missouri over the 

most recent 13 years. Our results indicate that the STEM teacher 

workforce in Kansas and Missouri reflects the national teacher 

workforce in many ways but also differs substantially in various 

aspects. We also find evidence of differential turnover patterns 

between two outwardly similar states, as well as school geo-

graphical contexts, thereby emphasizing the necessity of consid-

ering local conditions in fostering a diverse and qualified STEM 

teacher workforce across the United States' diverse contexts.

First, unlike evidence at the national level (e.g., Redding and 

Nguyen 2021), STEM teachers in Kansas and Missouri are not 

“greening” in the same way. In particular, since the pandemic, 

we observe the shares of teachers under 30 years old as well as 

the shares of teachers in their first 3 years of teaching have been 

declining. This is especially true in Missouri. Such declines 

in young and new STEM teachers dovetail with increases in 

teacher vacancy and underqualification in these two states (e.g., 

Nguyen, Lam, and Bruno 2024). Relatedly, we also observe that 

TABLE 4    |    The associations of teacher and school characteristics and STEM teacher turnover by school locale.

Urban turnover Suburban turnover Rural/town turnover

Female −0.004 −0.003 −0.011**

(0.005) (0.003) (0.003)

Teacher of color 0.002 0.001 0.008

(0.007) (0.008) (0.008)

Novice 0.031** 0.047** 0.065**

(0.010) (0.008) (0.004)

STEM certified −0.016+
−0.005 −0.000

(0.008) (0.005) (0.003)

Grad degree 0.025** 0.011* 0.024**

(0.007) (0.005) (0.003)

Adj base salary/$10 K −0.021** −0.007* −0.014**

(0.004) (0.003) (0.002)

Locale- specific Q2 students of color 0.015* −0.002 −0.000

(0.007) (0.006) (0.005)

Locale- specific Q3 students of color 0.071** 0.012 0.017*

(0.010) (0.008) (0.006)

Locale- specific Q4 students of color 0.128** 0.016 0.013

(0.021) (0.016) (0.009)

Locale- specific Q2 FRPL eligibility −0.002 −0.001 0.004

(0.011) (0.006) (0.004)

Locale- specific Q3 FRPL eligibility 0.002 −0.007 0.012*

(0.011) (0.012) (0.006)

Locale- specific Q4 FRPL eligibility −0.011 0.011 0.020**

(0.016) (0.021) (0.007)

Observations 38,210 50,792 119,815

Note: District and year fixed effects are employed. Standard errors clustered at the district level are in parentheses. The reference group includes STEM teachers 
who are male, white, have over 3 years of teaching experience, possess a graduate degree, and work in schools that are in the first locale- specific quartile based on 
percentages of students of color, and the first locale- specific quartile based on percentages of FRPL- eligible students. The full set of results, including controls, are 
provided in Appendix S6: Table F3.
+p < 0.10.
*p < 0.05. 
**p < 0.01.
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the inflation- adjusted salary for STEM teachers in Kansas and 

Missouri has stagnated over the last several years. These find-

ings suggest teacher staffing difficulties in some states, specifi-

cally in STEM fields, may be related to the decline of young and 

new teachers coming into the profession, perhaps in part due to 

salary compensation (Baker, Farrie, and Sciarra 2016; Sutcher, 

Darling- Hammond, and Carver- Thomas 2019).

Along this line, there is also evidence that STEM teacher certi-

fication is declining in these two states. Specifically, we observe 

the shares of STEM- certified teachers have decreased across 

a number of contexts. This is disconcerting because prior re-

search has shown STEM- related qualification is positively as-

sociated with student learning (Heck 2007; Key and Sass 2019; 

Mansell  2024). Moreover, this decline is more pronounced in 

traditionally disadvantaged schools and settings, specifically 

highly urban and rural areas, as well as high poverty schools 

and racially minoritized schools. Relatedly, our results show 

only 6% of STEM teachers in Kansas and Missouri are teachers 

of color while nearly 30% of students in their school are racially 

minoritized students. In fact, the exposure to STEM teachers 

of color is well below 5% for the first three quartiles by percent 

of students of color and FRPL eligibility. As exposure to high- 

quality STEM education is associated with future aspiration and 

exposure to same- race teachers is associated with improved stu-

dent outcomes (Bruno and Lewis 2021; Ingersoll and May 2012; 

Redding 2019), there is a strong need for schools and districts to 

provide more high- quality STEM teachers, and to diversify their 

STEM teacher workforces, especially for their most marginal-

ized students.

Beyond STEM teacher demographics and qualifications, we also 

explore changes to their turnover over the 13- year time span. 

First, to contextualize our findings, the national teacher turnover 

rate over the last few decades has been around 15%, with about 

half of the mobile teachers switching schools and half leaving the 

profession (Nguyen 2021). In contrast, after the onset of the pan-

demic, STEM teacher turnover rates surged, reaching over 20% in 

Missouri and 17% in Kansas. While turnover was elevated in all 

contexts in the 2021–2022 school year, the STEM teacher turnover 

rate was most pronounced in urban schools and schools with the 

highest quartiles of students of color and poverty. These findings 

suggest variations in STEM teacher turnover contribute to how 

teacher staffing difficulty has increased recently and how staffing 

challenges can vary substantially by context (Goldhaber, Falken, 

and Theobald 2024; Nguyen, Lam, and Bruno 2024).

Beyond describing these changes over time and their implica-

tions for a stable STEM teacher workforce as well as aspiring 

future generation of STEM students, we also examine the fac-

tors associated with the various forms of turnover. We con-

sistently find, reflecting the descriptive statistics, that STEM 

teachers in traditionally disadvantaged schools tend to turn 

over substantially more often than their counterparts even 

after accounting for a host of teacher and school character-

istics. This reflects prior works, which have strongly sug-

gested that teacher working conditions, including resources 

and supports for teachers, for these disadvantaged schools 

serving marginalized students are worse than working con-

ditions at more advantageous schools, and that they matter 

greatly for teacher retention (Bettini et al. 2016; Nguyen 2021). 

Furthermore, we find evidence consistent with the existing 

literature (Nguyen and Springer  2023) that teacher compen-

sation, specifically salary, matters greatly for STEM teachers, 

which is now critically important given the stagnated teacher 

salary amid post- COVID- 19 inflation surges.

6.1   |   Implications for Policy and Practice

Across the country, the post- pandemic education policy land-

scape features active teacher- focused policy debates and legis-

lation as teacher turnover has spiked amid changing teacher 

working conditions. As states and local school districts initiate 

reforms to combat teacher staffing challenges, new evidence 

should guide them to be more sensitive to local conditions. To 

be most applicable, this evidence cannot be populated through 

research examining a traditionally narrow set of states and 

regions. Inquiries into understudied states, like our study of 

Kansas and Missouri, can help provide a fuller picture of the 

continually evolving teacher policy landscape and its efficacy 

in addressing contemporary challenges, especially for the most 

marginalized populations of students. Even between these two 

outwardly similar states, and within this group of teachers of the 

same subject area category, STEM, we observe substantially dif-

ferent patterns in demographic representation, qualifications, 

and especially, turnover across school and student contexts. Our 

findings provide critical insights for on- going policy consider-

ations aimed at recruiting and retaining diverse and qualified 

STEM teachers in these understudied settings.

In recent years, both Kansas and Missouri have implemented 

a range of policies to address teacher recruitment and reten-

tion challenges. These include the Kansas Registered Teacher 

Apprenticeship program, aiming to provide an alternative 

pathway for school districts to recruit teachers (Kansas State 

Department of Education  2024), the Kansas Teacher Service 

Scholarship, targeting hard- to- staff subject areas (elementary 

education, English Language Arts, mathematics, science, and 

special education) and school districts (e.g., USD #259, USD 

#501, USD #500, etc.) (The Kansas Board of Regents  2024a). 

Similarly, Missouri has introduced the Urban Flight and Rural 

Needs Scholarship, also aiming to recruit teacher candidates 

to staff similarly high- need schools and disciplines (Missouri 

Department of Higher Education and Workforce Development 

2024a, 2024b). In fact, Missouri has planned to triple the scope 

of this scholarship program: by 2030, up to 600 candidates can 

receive a total of $3.4 million in tuition scholarships, though 

the program's grants are forgiven over an 8- year teaching pe-

riod, and 25% of which must be furnished by the local school 

district. Relatedly, such targeted teacher incentive policies have 

gained increasing support in the public, per a recent national 

survey (Anglum, Manion, and Varkey 2023). The aims of these 

policy considerations and initiatives are largely reinforced by 

on our study's findings, especially concerning the high levels of 

turnover among early- career STEM teachers, as well as the sub-

stantial differences among STEM teachers working across these 

high- need settings relative to more advantageous conditions.

The most active recent teacher policy debates in these con-

texts center Missouri's teacher compensation reform efforts. 

Missouri pursued a series of bills and budgetary appropriations 
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over the pandemic to increase teacher pay, culminating in S.B. 

727, which takes effect in the 2024–2025 school year. S.B. 727 

will raise statutory minimum teacher salaries from $25,000 to 

$40,000, and create district pathways for differentiated teacher 

pay for hard- to- staff subjects (S.B. 727, 3329S.03I 2024). As of 

yet, the bulk of attention to within- district differentiated teacher 

pay has focused on pay- for- performance (e.g., Pham, Nguyen, 

and Springer 2021; Podgursky and Springer 2007), while fewer 

policies and related studies pertain to reform with differen-

tiated teacher pay for hard- to- staff subjects and schools, in-

cluding Missouri's S.B. 727. To date, scant evidence indicates 

such policies improve teacher retention. Clotfelter, Ladd, and 

Vigdor  (2011) found lower- quality teachers more sensitive to 

differentiated salary incentives to serve in schools with high- 

minority student populations than their higher- quality peers, 

while Strunk and Zeehandelaar  (2011) found the policy much 

less effective in attracting math and science teachers than 

SPED/ESOL teachers. As these studies took place in the oft- 

studied North Carolina and California contexts, as well as in 

pre- pandemic working conditions, they may not offer universal 

guidance across geography and time (e.g., the unique pandemic 

circumstances). Future evaluations of the Missouri teacher pay 

reform could certainly build upon our study's findings to explore 

how local circumstances and workforce dynamics contribute to 

the effectiveness of their policy intervention.

Furthermore, it remains to be seen if these policy shifts may be 

effective tools to mitigate post- pandemic teacher turnover in the 

most challenged school settings, in part due to cross- state dis-

parities. At the state level, many of Missouri and Kansas' most 

populous regions are located within commuting distance of state 

borders, rendering adjacent state teacher policies highly relevant 

to local education labor markets. To this point, Missouri's sal-

ary reforms have occurred concurrently to other regional pol-

icy shifts, perhaps most notably the Arkansas LEARNS Act 

(Zamarro et al. 2024). Arkansas now boasts a $50,000 minimum 

teacher salary and a flattened salary scale, which has created a 

more equitable distribution of teacher pay across district types 

but has not (at least yet) proven effective in reducing teacher 

turnover. In this vein, our study offers important implications 

for Kansas, as they may consider similar reform approaches 

to Missouri's, given their teacher starting salaries often are 

not competitive (National Education Association  2024b), 

and teacher vacancies have continued to increase in the state 

(Nguyen, Lam, and Bruno 2024). We have to keep in mind that 

our results show the Kansas and Missouri contexts differ in sev-

eral important ways, especially pertaining to the forms of their 

teacher turnover, necessitating careful consideration if extrapo-

lating Missouri's policy reforms to Kansas.

It is also important to note that legislating the possibility of dif-

ferentiated pay across subject matters, or broadly instituting 

financial incentives to attract and retain teachers, does not auto-

matically create new state funding streams to fund local school 

district efforts to staff and retain teachers in hard- to- staff subject 

areas, including STEM. Thus far, Missouri's increasing mini-

mum salary requirements and related state grants overwhelm-

ingly served to increase the salaries of rural, White teachers. 

This has occurred largely due to large regional compensation 

differences between the state's rural areas, comprised largely of 

White teachers (98%), and its urban metropolitan areas, which 

contain the vast majority of the state's teachers of color. In fact, 

less than 3% of the state's teachers of color received a salary 

boost through the program in 2022–2023, the first year the state 

began to increase minimum salaries (Anglum, Manion, and 

Varkey 2024). Many of these teachers work in the state's hard-

est to staff schools, serving the largest shares of low- income 

and minoritized students. As we emphasized, these tend to be 

schools with the most acute teacher turnover. This underscores 

the need to further tailor reform efforts to account for regional 

differences, ensuring that resources are allocated where they 

are most needed, and that the existing access and opportunity 

gaps among diverse students are not perpetuated.

Finally, teachers in Missouri and Kansas' urbanized regions, 

like the St. Louis, Kansas City, or Wichita metropolitan areas, 

often encounter wider ranges of alternative employment op-

portunities in local STEM industries, including life sciences, 

geospatial technology, healthcare, agricultural technology, and 

aviation. School districts, therefore, must significantly exceed 

state minimum salaries to attract and retain a high- quality 

workforce amid this employment competition. This is evident 

from our findings, as salary accounted for a great extent of the 

variation in district switching but relatively little of the variation 

among STEM teachers who exited the states' public schools. Our 

analysis also indicated sharp imbalances in the representation 

of teachers of color and students of color across school settings, 

gaps that may reinforce disruptions to the pipeline of students 

in STEM. In summary, salary and other teacher workforce- 

oriented reforms at the state and national levels are unlikely to 

encourage the recruitment and retention of diverse and quali-

fied STEM teachers if they fail to compete with the working con-

ditions offered by nearby industrial workplaces and/or address 

the aforementioned geographically and societally diverse school 

and student contexts.

6.2   |   Limitations and Future Research

Our research provides evidence that specific working condi-

tions are related to STEM teacher turnover. However, we are 

unable to draw causal conclusions about how these factors 

impact teacher turnover. Given STEM teachers appear partic-

ularly responsive to salary changes and may be more affected 

by broader economic shifts, further studies using causal designs 

are needed to examine how economic and societal events, such 

as the Great Recession in the U.S. or social changes following 

the COVID- 19 pandemic, influence STEM teacher turnover. 

Moreover, although we observe different turnover patterns 

across schools in urban, suburban, and rural areas, this simple 

categorization of school locales may have obscured the nuances 

of varying developmental conditions within the states (Nelson 

and Nguyen 2023). Future research should explore these varia-

tions with more granular measures of rurality.

From a broader perspective, while promoting diversifying the 

STEM teacher workforce and urging careful consideration of 

local contexts for the advancement of STEM education that is 

accessible to diverse students in Kansas and Missouri, our study 

provides a solid foundation for future research and policy con-

siderations aimed at promoting equitable student development 

in STEM fields on regional and national stages.
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Data Availability Statement

The datasets analyzed during the current study are not publicly avail-
able. We have data- use agreements with the Kansas Department of 
Education (KSDE) and the Missouri Department of Elementary and 
Secondary Education (MDSE). We are not able to share the data pub-
licly. Researchers can make requests to obtain these same sets of data 
from KSDE and MSDE.

Endnotes

 1 We conducted logistic regression as robustness checks and provide the 
results in Appendix S7: Tables G1-G3.

References

Allensworth, E., S. Ponisciak, and C. Mazzeo. 2009. “Consortium on 
Chicago School Research.” In The Schools Teachers Leave: Teacher 
Mobility in Chicago Public Schools. (Chicago, Illinois, US: University of 
Chicago Consortium on School Research)

Anglum, J. C., A. Manion, and S. Varkey. 2023. “Partisan Policy 
Preferences to Improve Teacher Recruitment and Retention.” https:// 
www. brook ings. edu/ artic les/ parti san-  polic y-  prefe rence s-  to-  impro ve-  
teach er-  recru itmen t-  and-  reten tion/ .

Anglum, J. C., A. Manion, and S. Varkey. 2024. “Increasing Minimum 
Teacher Salaries: Opportunities and Drawbacks Across Geography and 
Race.” Urban Affairs Review: 10780874241237412. https:// doi. org/ 10. 
1177/ 10780 87424 1237412.

Bacher- Hicks, A., O. L. Chi, and A. Orellana. 2023. “Two Years Later: How 
COVID- 19 has Shaped the Teacher Workforce.” Educational Researcher 
52, no. 4: 219–229. https:// doi. org/ 10. 3102/ 00131 89X23 1153659.

Baker, B. D., D. Farrie, and D. G. Sciarra. 2016. “Mind the Gap: 20 Years 
of Progress and Retrenchment in School Funding and Achievement 
Gaps.” ETS Research Report Series 2016, no. 1: 1–37. https:// doi. org/ 10. 
1002/ ets2. 12098 .

Bardelli, E., and M. Ronfeldt. 2021. “Workforce Outcomes of Program 
Completers in High- Needs Endorsement Areas.” American Journal of 
Education 128, no. 1: 59–93. https:// doi. org/ 10. 1086/ 716486.

Bastian, K. C., and S. C. Fuller. 2023. “Educator Attrition and Mobility 
During the COVID- 19 Pandemic.” Educational Researcher 52, no. 8: 
516–520. https:// doi. org/ 10. 3102/ 00131 89X23 1187890.

Bettini, E. A., J. B. Crockett, M. T. Brownell, and K. L. Merrill. 2016. 
“Relationships Between Working Conditions and Special Educators' 
Instruction.” Journal of Special Education 50, no. 3: 178–190. https:// doi. 
org/ 10. 1177/ 00224 66916 644425.

Billingsley, B. S., and E. Bettini. 2019. “Special Education Teacher 
Attrition and Retention: A Review of the Literature.” Review of 
Educational Research 89, no. 5: 697–744. https:// doi. org/ 10. 3102/ 00346 
54319 862495.

Borman, G. D., and N. M. Dowling. 2008. “Teacher Attrition and 
Retention: A Meta- Analytic and Narrative Review of the Research.” 
Review of Educational Research 78, no. 3: 367–409. https:// doi. org/ 10. 
3102/ 00346 54308 321455.

Bottia, M. C., E. Stearns, R. A. Mickelson, S. Moller, and L. Valentino. 
2015. “Growing the Roots of STEM Majors: Female Math and Science 
High School Faculty and the Participation of Students in STEM.” 
Economics of Education Review 45: 14–27. https:// doi. org/ 10. 1016/j. 
econe durev. 2015. 01. 002.

Boyd, D., H. Lankford, S. Loeb, and J. Wyckoff. 2005. “The Draw of 
Home: How Teachers' Preferences for Proximity Disadvantage Urban 
Schools.” Journal of Policy Analysis and Management 24, no. 1: 113–132. 
https:// doi. org/ 10. 1002/ pam. 20072 .

Brummet, Q., E. K. Penner, N. Pharris- Ciurej, and S. R. Porter. 2024. 
“After School: An Examination of the Career Paths and Earnings 
of Former Teachers.” Educational Evaluation and Policy Analysis: 
01623737241227906. https:// doi. org/ 10. 3102/ 01623 73724 1227906.

Bruno, P., and C. M. Lewis. 2021. “Equity in High School 
Computer Science: Beyond Access.” Policy Futures in Education: 
14782103211063002. https:// doi. org/ 10. 1177/ 14782 10321 1063002.

Bueno, C., and T. R. Sass. 2018. “The Effects of Differential Pay on 
Teacher Recruitment and Retention (SSRN Scholarly Paper 3296427).” 
https:// doi. org/ 10. 2139/ ssrn. 3296427.

Camp, A., G. Zamarro, and J. B. McGee. 2023. “Movers, Switchers, and 
Exiters: Teacher Turnover During COVID- 19.” https:// schol arwor ks. 
uark. edu/ edrep ub/ 142/ .

Carver- Thomas, D., and L. Darling- Hammond. 2017. “Teacher 
Turnover: Why It Matters and What We Can Do About It.” Learning 
Policy Institute, 1–50.

Cleveland, C., and E. Scherer. 2021. “The Effects of Teacher- Student 
Demographic Matching on Social- Emotional Learning.” https:// doi. 
org/ 10. 26300/  3xq6-  4k05.Annenberg Institute at Brown University.

Clotfelter, C. T., E. Glennie, H. Ladd, and J. Vigdor. 2008. “Would Higher 
Salaries Keep Teachers in High- Poverty Schools? Evidence From a 
Policy Intervention in North Carolina.” Journal of Public Economics 92, 
no. 5: 1352–1370. https:// doi. org/ 10. 1016/j. jpube co. 2007. 07. 003.

Clotfelter, C. T., H. F. Ladd, and J. L. Vigdor. 2011. “Teacher Mobility, 
School Segregation, and Pay- Based Policies to Level the Playing Field.” 
Education Finance and Policy 6, no. 3: 399–438. https:// doi. org/ 10. 1162/ 
EDFP_a_ 00040 .

Darling- Hammond, L., R. Furger, P. M. Shields, and L. Sutcher. 2016. 
“Addressing California's Emerging Teacher Shortage: An Analysis of 
Sources and Solutions. Learning Policy Institute.” https:// learn ingpo licyi 
nstit ute. org/ produ ct/ addre ssing -  calif ornia s-  emerg ing-  teach er-  shortage.

Dee, T. S. 2004. “Teachers, Race, and Student Achievement in a 
Randomized Experiment.” Review of Economics and Statistics 86, no. 1: 
195–210. https:// doi. org/ 10. 1162/ 00346 53043 23023750.

Dee, T. S., and D. Goldhaber. 2017. “Understanding and Addressing 
Teacher Shortages in the United States. The Brookings Institution.” 
https:// www. brook ings. edu/ resea rch/ under stand ing-  and-  addre ssing 
-  teach er-  short ages-  in-  the-  unite d-  states/ .

Educate Kansas. 2024. “Areas of High Need.” https:// educa tekan sas. 
org/ profe ssion al-  devel opment/ areas -  of-  high-  need/ .

Egalite, A. J., and B. Kisida. 2018. “The Effects of Teacher Match on 
Students' Academic Perceptions and Attitudes.” Educational Evaluation 
and Policy Analysis 40, no. 1: 59–81. https:// doi. org/ 10. 3102/ 01623 73717 
714056.

Egalite, A. J., B. Kisida, and M. A. Winters. 2015. “Representation in the 
Classroom: The Effect of Own- Race Teachers on Student Achievement.” 
Economics of Education Review 45: 44–52. https:// doi. org/ 10. 1016/j. 
econe durev. 2015. 01. 007.

Ehrenberg, R. G., D. D. Goldhaber, and D. J. Brewer. 1995. “Do Teachers' 
Race, Gender, and Ethnicity Matter? Evidence From the National 
Educational Longitudinal Study of 1988.” ILR Review 48, no. 3: 547–561. 
https:// doi. org/ 10. 1177/ 00197 93995 04800312.

Elfers, A. M., M. L. Plecki, and M. S. Knapp. 2006. “Teacher Mobility: 
Looking More Closely at “the Movers” Within a State System.” Peabody 
Journal of Education 81, no. 3: 94–127. https:// doi. org/ 10. 1207/ S1532 
7930p je8103_ 4.

Feng, L., and T. R. Sass. 2018. “The Impact of Incentives to Recruit and 
Retain Teachers in “Hard- To- Staff” Subjects.” Journal of Policy Analysis 
and Management 37, no. 1: 112–135. https:// doi. org/ 10. 1002/ pam. 22037 .

Foster, M. 1993. “Educating for Competence in Community and Culture: 
Exploring the Views of Exemplary African- American Teachers.” Urban 

 1
0

9
8

2
7

3
6

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/tea.2

2
0

2
4

 b
y

 U
n

iv
ersity

 O
f M

isso
u

ri C
o

lu
m

b
ia, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [0

2
/0

5
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



19 of 21

Education 27, no. 4: 370–394. https:// doi. org/ 10. 1177/ 00420 85993 
02700 4004.

Fuller, E. J., and A. Pendola. 2019. “Teacher Preparation and Teacher 
Retention: Examining the Relationship for Beginning STEM Teachers.” 
American Association for the Advancement of Science. https:// aaas-  
arise. org/ wp-  conte nt/ uploa ds/ 2020/ 01/ Fulle r-  Pendo la-  Teach er-  Prepa 
ratio n-  and-  Teach er-  Reten tion-  Exami ning-  the-  Relat ionsh ip-  for-  Begin 
ning-  STEM-  Teach ers. pdf.

Goldhaber, D., G. T. Falken, and R. Theobald. 2024. “What Do 
Teacher Job Postings Tell Us About School Hiring Needs and Equity?” 
Educational Evaluation and Policy Analysis: 01623737241246548. 
https:// doi. org/ 10. 3102/ 01623 73724 1246548.

Goldhaber, D., V. Quince, and R. Theobald. 2019. “Teacher Quality Gaps 
in U.S. Public Schools: Trends, Sources, and Implications.” Phi Delta 
Kappan 100, no. 8: 14–19. https:// doi. org/ 10. 1177/ 00317 21719 846883.

Goldhaber, D., and R. Theobald. 2023. “Teacher Attrition and Mobility 
in the Pandemic.” Educational Evaluation and Policy Analysis 45, no. 4: 
682–687. https:// doi. org/ 10. 3102/ 01623 73722 1139285.

Gray, L., S. Taie, and L. Lewis. 2022. “Qualifications of Public School 
Mathematics and Computer Science Teachers in 2017- 18. Data Point. 
NCES 2022–026.” National Center for Education Statistics. https:// nces. 
ed. gov/ pubs2 022// 20220 26. pdf.

Grissom, J. A., S. E. Kabourek, and J. W. Kramer. 2020. “Exposure to 
Same- Race or Same- Ethnicity Teachers and Advanced Math Course- 
Taking in High School: Evidence From a Diverse Urban District.” 
Teachers College Record 122, no. 7: 1–42. https:// doi. org/ 10. 1177/ 01614 
68120 12200709.

Han, D., and H. Hur. 2022. “Managing Turnover of STEM Teacher 
Workforce.” Education and Urban Society 54, no. 2: 205–222. https:// 
doi. org/ 10. 1177/ 00131 24521 1053562.

Hanselman, P., J. K. Grigg, S. Bruch, and A. Gamoran. 2016. 
“The Consequences of Principal and Teacher Turnover for School 
Social Resources.” In Family Environments, School Resources, and 
Educational Outcomes, vol. 19, 49–89. Leeds, England, UK: Emerald 
Group Publishing Limited. https:// doi. org/ 10. 1108/ S1479 -  35392 01500 
00019004.

Hansen, M., G. Breazeale, and M. Blankenship. 2019. “STEM Teachers 
Are Most in Need of Additional Pay. Brookings.” https:// www. brook 
ings. edu/ artic les/ stem-  teach ers-  are-  most-  in-  need-  of-  addit ional -  pay/ .

Harris, D. N., and T. R. Sass. 2011. “Teacher Training, Teacher Quality 
and Student Achievement.” Journal of Public Economics 95, no. 7: 798–
812. https:// doi. org/ 10. 1016/j. jpube co. 2010. 11. 009.

Heck, R. H. 2007. “Examining the Relationship Between Teacher Quality 
as an Organizational Property of Schools and Students' Achievement 
and Growth Rates.” Educational Administration Quarterly 43, no. 4: 
399–432. https:// doi. org/ 10. 1177/ 00131 61X07 306452.

Henry, G. T., C. K. Fortner, and K. C. Bastian. 2012. “The Effects 
of Experience and Attrition for Novice High- School Science and 
Mathematics Teachers.” Science 335, no. 6072: 1118–1121. https:// doi. 
org/ 10. 1126/ scien ce. 1215343.

Hill, J. G., and B. Dalton. 2013. “Student Math Achievement and Out- of- 
Field Teaching.” Educational Researcher 42, no. 7: 403–405. https:// doi. 
org/ 10. 3102/ 00131 89X13 505682.

Hodges, G. W., D. Tippins, and J. S. Oliver. 2013. “A Study of Highly 
Qualified Science Teachers' Career Trajectory in the Deep, Rural 
South: Examining a Link Between Deprofessionalization and Teacher 
Dissatisfaction.” School Science and Mathematics 113, no. 6: 263–274. 
https:// doi. org/ 10. 1111/ ssm. 12026 .

Holme, J. J., H. Jabbar, E. Germain, and J. Dinning. 2018. “Rethinking 
Teacher Turnover: Longitudinal Measures of Instability in Schools.” 
Educational Researcher 47, no. 1: 62–75. https:// doi. org/ 10. 3102/ 00131 
89X17 735813.

Holt, S. B., and S. Gershenson. 2019. “The Impact of Demographic 
Representation on Absences and Suspensions.” Policy Studies Journal 
47, no. 4: 1069–1099. https:// doi. org/ 10. 1111/ psj. 12229 .

Hopkins, B. G., K. O. Strunk, and S. Rogers. 2023. “Viral Change: 
Trends in Michigan Teacher Attrition and Mobility Before and During 
the COVID- 19 Pandemic.” National Center for Research on Education 
Access and Choice.

Imazeki, J. 2005. “Teacher Salaries and Teacher Attrition.” Economics 
of Education Review 24, no. 4: 431–449. https:// doi. org/ 10. 1016/j. econe 
durev. 2004. 07. 014.

Ingersoll, R. M., and H. May. 2012. “The Magnitude, Destinations, 
and Determinants of Mathematics and Science Teacher Turnover.” 
Educational Evaluation and Policy Analysis 34, no. 4: 435–464. https:// 
doi. org/ 10. 3102/ 01623 73712 454326.

Ingersoll, R. M., and D. Perda. 2010. “Is the Supply of Mathematics and 
Science Teachers Sufficient?” American Educational Research Journal 
47, no. 3: 563–594. https:// doi. org/ 10. 3102/ 00028 31210 370711.

Ingersoll, R. M., and H. Tran. 2023. “Teacher Shortages and Turnover 
in Rural Schools in the US: An Organizational Analysis.” Educational 
Administration Quarterly 59, no. 2: 396–431. https:// doi. org/ 10. 1177/ 
00131 61X23 1159922.

Johnson, C. C., M. J. Mohr- Schroeder, T. J. Moore, and L. D. English, 
eds. 2020. Handbook of Research on STEM Education. New York, US 
and Oxford, UK: Routledge.

Kansas State Department of Education. 2024. “Kansas Registered 
Teacher Apprenticeship Model.” https:// www. ksde. org/ Agency/ Divis 
ion-  of-  Learn ing-  Servi ces/ Teach er-  Licen sure-  TL/ Regis tered -  Teach er-  
Appre ntice ship.

Katnik, P. 2023. “Report on Teacher Workforce. Missouri Department 
of Elementary and Secondary Education.” https:// dese. mo. gov/ media/  
pdf/ janua ry-  2023-  repor t-  teach er-  workf orce.

Key, K. A., and T. R. Sass. 2019. “Explaining the Gender Gap in STEM 
Attainment: Factors From Primary School to STEM Degree Completion 
(EdWorkingPaper No.19–42).” Annenberg Institute at Brown 
University. http:// edwor kingp apers. com/ ai19-  42.

Kukla- Acevedo, S. 2009. “Leavers, Movers, and Stayers: The Role 
of Workplace Conditions in Teacher Mobility Decisions.” Journal of 
Educational Research 102, no. 6: 443–452. https:// doi. org/ 10. 3200/ 
JOER. 102.6. 443-  452.

Larkin, D. B., S. P. Patzelt, K. M. Ahmed, L. Carletta, and C. R. Gaynor. 
2022. “Portraying Secondary Science Teacher Retention With the 
Person- Position Framework: An Analysis of a State Cohort of First- Year 
Science Teachers.” Journal of Research in Science Teaching 59, no. 7: 
1235–1273. https:// doi. org/ 10. 1002/ tea. 21757 .

Lazarev, V., M. Toby, J. Zacamy, L. Lin, and D. Newman. 2017. “Indicators 
of Successful Teacher Recruitment and Retention in Oklahoma Rural 
Schools.” REL 2018–275. Regional Educational Laboratory Southwest. 
https:// eric. ed. gov/? id= ED576669.

Lim, J., and J. Meer. 2020. “Persistent Effects of Teacher–Student Gender 
Matches.” Journal of Human Resources 55, no. 3: 809–835. https:// doi. 
org/ 10. 3368/ jhr. 55.3. 0218-  9314R4.

Lindsay, C. A., and C. M. D. Hart. 2017. “Exposure to Same- Race 
Teachers and Student Disciplinary Outcomes for Black Students in 
North Carolina.” Educational Evaluation and Policy Analysis 39, no. 3: 
485–510. https:// doi. org/ 10. 3102/ 01623 73717 693109.

Lindsay, C. A., T. Monarrez, and G. Luetmer. 2021. The Effects of Teacher 
Diversity on Hispanic Student Achievement in Texas. Washington, DC, 
US: Urban Institute.

Lochmiller, C. R., T. J. Sugimoto, and P. A. Muller. 2016. Teacher 
Retention, Mobility, and Attrition in Kentucky Public Schools From 2008 
to 2012. REL 2016–116. Kentucky, US: Regional Educational Laboratory 
Appalachia. https:// eric. ed. gov/? id= eD562734.

 1
0

9
8

2
7

3
6

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/tea.2

2
0

2
4

 b
y

 U
n

iv
ersity

 O
f M

isso
u

ri C
o

lu
m

b
ia, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [0

2
/0

5
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



20 of 21 Journal of Research in Science Teaching, 2025

Macdonald, D. 1999. “Teacher Attrition: A Review of Literature.” 
Teaching and Teacher Education 15, no. 8: 835–848.

Malkus, N., K. M. Hoyer, and D. Sparks. 2015. “Teaching Vacancies and 
Difficult- to- Staff Teaching Positions in Public Schools (NCES 2015- 065).”

Mansell, K. E. 2024. “Does Science Teacher Certification Matter? A 
Closer Look at First- Year Science Teacher Impacts on Student Outcomes 
in Texas.” Review of Education 12, no. 1: e3461. https:// doi. org/ 10. 1002/ 
rev3. 3461.

Marinell, W. H., and V. M. Coca. 2013. Who Stays and Who Leaves? 
Findings From a Three- Part Study of Teacher Turnover in NYC Middle 
Schools. New York, US: Research Alliance for New York City Schools.

Missouri Department of Higher Education and Workforce Development. 
2024a. “MDHEWD State Financial Aid Programs for Teacher 
Recruitment.” https:// dese. mo. gov/ media/  pdf/ tate-  aide-  progr am-  flyer .

Missouri Department of Higher Education and Workforce Development. 
2024b. “MO. Stat. § 173.232 (2006 & Rev. 2024).” https:// revis or. mo. gov/ 
main/ OneSe ction. aspx? secti on= 173. 232& bid= 54641 .

National Center for Education Statistics. 2023. “Documentation to 
NCES' Common Core of Data (CCD): Changes to CCD- Assigned School 
and LEA Levels.” https:// nces. ed. gov/ ccd/ doc/ 11_ Chang es_ SCH_ 
LEA_ Level_ Assig nments_7. 31. 2023. docx.

National Council on Teacher Quality. 2021. “High- Need Schools and 
Subjects National Results. State Teacher Policy Database.” https:// www. 
nctq. org/ yearb ook/ natio nal/ High-  -  Need-  Schoo ls-  and-  Subje cts-  96.

National Education Association. 2024a. “Starting Teacher Salaries.” 
https:// www. nea. org/ resou rce-  libra ry/ educa tor-  pay-  and-  stude nt-  spend 
ing-  how-  does-  your-  state -  rank/ start ing-  teacher.

National Education Association. 2024b. “Teacher Pay and Per Student 
Spending: Rankings and Estimates Report.” https:// www. nea. org/ 
resou rce-  libra ry/ educa tor-  pay-  and-  stude nt-  spend ing-  how-  does-  your-  
state -  rank/ teacher.

National Science Board & National Science Foundation. 2021a. 
“Elementary and Secondary STEM Education. Science and Engineering 
Indicators 2022. NSB- 2021- 1.” https:// ncses. nsf. gov/ pubs/ nsb20211.

National Science Board & National Science Foundation. 2021b. “The 
STEM Labor Force of Today: Scientists, Engineers and Skilled Technical 
Workers. (Science and Engineering Indicators 2022. NSB- 2021- 2).” 
https:// ncses. nsf. gov/ pubs/ nsb20212.

Nelson, K. S., and T. D. Nguyen. 2023. “Community Assets and Relative 
Rurality Index: A Multi- Dimensional Measure of Rurality.” Journal of 
Rural Studies 97: 322–333.

Nguyen, T. D. 2020a. “Examining the Teacher Labor Market in Different 
Rural Contexts: Variations by Urbanicity and Rural States.” Aera Open 
6, no. 4: 233285842096633. https:// doi. org/ 10. 1177/ 23328 58420 966336.

Nguyen, T. D. 2020b. “Teacher Attrition and Retention in Kansas: A 
Case Study of Geographically Rural States With Persistent Teacher 
Shortages.” Online Journal of Rural Research and Policy 15, no. 1: 1100. 
https:// doi. org/ 10. 4148/ 1936-  0487. 1100.

Nguyen, T. D. 2021. “Linking School Organizational Characteristics and 
Teacher Retention: Evidence From Repeated Cross- Sectional National 
Data.” Teaching and Teacher Education 97: 103220. https:// doi. org/ 10. 
1016/j. tate. 2020. 103220.

Nguyen, T. D., J. C. Anglum, and M. Crouch. 2023. “The Effects of 
School Finance Reforms on Teacher Salary and Turnover: Evidence 
From National Data.” Aera Open 9: 233285842311744. https:// doi. org/ 
10. 1177/ 23328 58423 1174447.

Nguyen, T. D., C. B. Lam, and P. Bruno. 2024. “What Do We Know 
About the Extent of Teacher Shortages Nationwide? A Systematic 
Examination of Reports of U.S. Teacher Shortages.” Aera Open 10: 
23328584241276512. https:// doi. org/ 10. 1177/ 23328 58424 1276512.

Nguyen, T. D., L. D. Pham, M. Crouch, and M. G. Springer. 2020. “The 
Correlates of Teacher Turnover: An Updated and Expanded Meta- 
Analysis of the Literature.” Educational Research Review 31: 100355. 
https:// doi. org/ 10. 1016/j. edurev. 2020. 100355.

Nguyen, T. D., and C. Redding. 2018. “Changes in the Demographics, 
Qualifications, and Turnover of American STEM Teachers, 1988–
2012.” Aera Open 4, no. 3: 2332858418802790. https:// doi. org/ 10. 1177/ 
23328 58418 802790.

Nguyen, T. D., and M. G. Springer. 2023. “A Conceptual Framework of 
Teacher Turnover: A Systematic Review of the Empirical International 
Literature and Insights From the Employee Turnover Literature.” 
Educational Review 75, no. 5: 993–1028. https:// doi. org/ 10. 1080/ 00131 
911. 2021. 1940103.

Palermo, M., A. M. Kelly, and R. Krakehl. 2021. “Chemistry Teacher 
Retention, Migration, and Attrition.” Journal of Chemical Education 98, 
no. 12: 3704–3713. https:// doi. org/ 10. 1021/ acs. jchem ed. 1c00888.

Palermo, M., A. M. Kelly, and R. Krakehl. 2022. “Physics Teacher 
Retention, Migration, and Attrition.” Journal of Science Teacher Education 
33, no. 4: 368–391. https:// doi. org/ 10. 1080/ 10465 60X. 2021. 1946638.

Papay, J. P., A. Bacher- Hicks, L. C. Page, and W. H. Marinell. 2017. “The 
Challenge of Teacher Retention in Urban Schools: Evidence of Variation 
From a Cross- Site Analysis.” Educational Researcher 46, no. 8: 434–448. 
https:// doi. org/ 10. 3102/ 00131 89X17 735812.

Pham, L. D., T. D. Nguyen, and M. G. Springer. 2021. “Teacher Merit 
Pay: A Meta- Analysis.” American Educational Research Journal 58, no. 
3: 527–566. https:// doi. org/ 10. 3102/ 00028 31220 905580.

Podgursky, M. J., and M. G. Springer. 2007. “Teacher Performance 
Pay: A Review.” Journal of Policy Analysis and Management 26, no. 4: 
909–949.

Putman, H., and K. Nittler. 2019. “Three Steps for Creating and 
Retaining a Strong STEM Teaching Corps National Council on Teacher 
Quality.” https:// www. nctq. org/ blog/ Three -  steps -  for-  creat ing-  and-  
retai ning-  a-  stron g-  STEM-  teach ing-  corps .

Rasheed, D. S., J. L. Brown, S. L. Doyle, and P. A. Jennings. 2020. “The 
Effect of Teacher–Child Race/Ethnicity Matching and Classroom 
Diversity on Children's Socioemotional and Academic Skills.” Child 
Development 91, no. 3: e597–e618. https:// doi. org/ 10. 1111/ cdev. 13275 .

Redding, C. 2019. “A Teacher Like Me: A Review of the Effect of 
Student–Teacher Racial/Ethnic Matching on Teacher Perceptions of 
Students and Student Academic and Behavioral Outcomes.” Review of 
Educational Research 89, no. 4: 499–535. https:// doi. org/ 10. 3102/ 00346 
54319 853545.

Redding, C., and G. T. Henry. 2018. “New Evidence on the Frequency of 
Teacher Turnover: Accounting for Within- Year Turnover.” Educational 
Researcher 47, no. 9: 577–593. https:// doi. org/ 10. 3102/ 00131 89X18 
814450.

Redding, C., and T. D. Nguyen. 2021. “Greener Than Ever? A Look at 
the Newest Teachers in Our Public Schools.” Phi Delta Kappan 103, no. 
3: 8–12. https:// doi. org/ 10. 1177/ 00317 21721 1058506.

Rhinesmith, E., J. C. Anglum, A. Park, and A. Burrola. 2023. “Recruiting 
and Retaining Teachers in Rural Schools: A Systematic Review of the 
Literature.” Peabody Journal of Education 98, no. 4: 347–363. https:// doi. 
org/ 10. 1080/ 01619 56X. 2023. 2238491.

Rockoff, J. E., B. A. Jacob, T. J. Kane, and D. O. Staiger. 2011. “Can You 
Recognize an Effective Teacher When You Recruit One?” Education 
Finance and Policy 6, no. 1: 43–74. https:// doi. org/ 10. 1162/ EDFP_a_ 
00022 .

Rodriguez, L. A., T. D. Nguyen, and M. G. Springer. 2023. “Revisiting 
Teaching Quality Gaps: Urbanicity and Disparities in Access to High- 
Quality Teachers Across Tennessee.” Urban Education 60, no. 2: 467–
504. https:// doi. org/ 10. 1177/ 00420 85923 1153409.

 1
0

9
8

2
7

3
6

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/tea.2

2
0

2
4

 b
y

 U
n

iv
ersity

 O
f M

isso
u

ri C
o

lu
m

b
ia, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [0

2
/0

5
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



21 of 21

Ronfeldt, M., S. Loeb, and J. Wyckoff. 2013. “How Teacher Turnover 
Harms Student Achievement.” American Educational Research Journal 
50, no. 1: 4–36. https:// doi. org/ 10. 3102/ 00028 31212 463813.

S.B. 727, 3329S.03I. 2024. “Missouri Senate 102nd General Assembly 
2nd Regular Session.” https:// www. senate. mo. gov/ 24info/ BTS_ Web/ 
Bill. aspx? Sessi onTyp e= R& BillI D= 244.

Sass, T. R. 2015. “Understanding the STEM Pipeline.” https:// files. eric. 
ed. gov/ fullt ext/ ED560 681. pdf.

Sass, T. R., J. Hannaway, Z. Xu, D. N. Figlio, and L. Feng. 2012. “Value 
Added of Teachers in High- Poverty Schools and Lower Poverty 
Schools.” Journal of Urban Economics 72, no. 2: 104–122. https:// doi. 
org/ 10. 1016/j. jue. 2012. 04. 004.

Simon, N. S., and S. M. Johnson. 2015. “Teacher Turnover in High- 
Poverty Schools: What We Know and Can Do.” Teachers College Record 
117, no. 3: 1–36. https:// doi. org/ 10. 1177/ 01614 68115 11700305.

Stewart, J., C. Rhoads, M. Serdiouk, D. Van Dine, T. Cherasaro, and M. 
Klute. 2019. “Associations Between the Qualifications of Middle School 
Algebra I Teachers and Student Math Achievement. REL 2020–005.” 
In Regional Educational Laboratory Central. Missouri, US: Regional 
Educational Laboratory Central. https:// eric. ed. gov/? id= ED598960.

Strunk, K. O., and D. Zeehandelaar. 2011. “Differentiated Compensation: 
How California School Districts Use Economic Incentives to Target 
Teachers.” Journal of Education Finance 36, no. 3: 268–293.

Suárez, M. I., and K. B. Wright. 2019. “Investigating School Climate 
and School Leadership Factors That Impact Secondary STEM Teacher 
Retention.” Journal for STEM Education Research 2, no. 1: 55–74. 
https:// doi. org/ 10. 1007/ s4197 9-  019-  00012 -  z.

Sullivan, K., E. Barkowski, J. Lindsay, et al. 2017. “Trends in Teacher 
Mobility in Texas and Associations With Teacher, Student, and School 
Characteristics. REL 2018–283.” In Regional Educational Laboratory 
Southwest. Texas, US: Regional Educational Laboratory Southwest. 
https:// eric. ed. gov/? id= ED578907.

Sutcher, L., L. Darling- Hammond, and D. Carver- Thomas. 2019. 
“Understanding Teacher Shortages: An Analysis of Teacher Supply and 
Demand in the United States.” Education Policy Analysis Archives 27: 
35. https:// doi. org/ 10. 14507/  epaa. 27. 3696.

Swisher, A. 2023. State of the States 2023: Policies to Increase Teacher 
Diversity. Washington, D.C: National Council on Teacher Quality. 
https:// www. nctq. org/ publi catio ns/ State -  of-  the-  State s-  2023: -  Polic ies-  
to-  Incre ase-  Teach er-  Diver sity# Top.

Taie, S., and L. Lewis. 2023. “Teacher Attrition and Mobility: Results 
From the 2021- 22 Teacher Follow- Up Survey to the National Teacher 
and Principal Survey. First Look.” In National Center for Education 
Statistics (NCES 2024–039). Washington, DC, US: National Center for 
Education Statistics. https:// eric. ed. gov/? id= ED636806.

The Hunt Institute. 2024. “Strengthening Teacher Recruitment and 
Retention in Missouri: Blue Ribbon Commission Report to the State 
Board of Education.” https:// hunt-  insti tute. org/ wp-  conte nt/ uploa ds/ 
2022/ 12/ MO_ BlueR ibbon Report_0. pdf.

The Kansas Board of Regents. 2024a. “Kansas Teacher Service 
Scholarship.” https:// www. kansa srege nts. org/ resou rces/ PDF/ Stude 
nts/ Stude nt_ Finan cial_ Aid/ KTS_ 24-  25. pdf.

The Kansas Board of Regents. 2024b. “Scholarships and Grants.” 
https:// www. kansa srege nts. org/ schol arshi ps_ and_ grants.

The White House. 2022. “FACT SHEET: Biden Harris Administration 
Announces Bold Multi- Sector Actions to Eliminate Systemic Barriers in 
STEMM.” https:// www. white house. gov/ ostp/ news-  updat es/ 2022/ 12/ 
12/ fact-  sheet -  biden -  harri s-  admin istra tion-  annou nces-  bold-  multi -  secto 
r-  actio ns-  to-  elimi nate-  syste mic-  barri ers-  in-  stemm .

U.S. Department of Education. 2022. “U.S. Department of Education 
Launches New Initiative to Enhance STEM Education for All Students.” 

https:// www. ed. gov/ news/ press -  relea ses/ us-  depar tment -  educa tion-  
launc hes-  new-  initi ative -  enhan ce-  stem-  educa tion-  all-  students.

Williams, S. M., W. A. Swain, and J. A. Graham. 2021. “Race, Climate, 
and Turnover: An Examination of the Teacher Labor Market in Rural 
Georgia.” Aera Open 7, no. 1: 1–23. https:// doi. org/ 10. 1177/ 23328 58421 
995514.

Xie, Y., M. Fang, and K. Shauman. 2015. “STEM Education.” Annual 
Review of Sociology 41, no. 1: 331–357. https:// doi. org/ 10. 1146/ annur ev-  
soc-  07131 2-  145659.

Yoon, S. Y., and J. Strobel. 2017. “Trends in Texas High School Student 
Enrollment in Mathematics, Science, and CTE- STEM Courses.” 
International Journal of STEM Education 4, no. 1: 9. https:// doi. org/ 10. 
1186/ s4059 4-  017-  0063-  6.

Zamarro, G., A. Camp, J. McGee, T. Wilson, and M. Vernon. 2024. 
“Teacher Salary Raises and Turnover: Evidence From the First Year 
of the Arkansas LEARNS Act (EdWorkingPaper: 24- 972).” Annenberg 
Institute at Brown University. https:// edwor kingp apers. com/ ai24-  972.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.

 1
0

9
8

2
7

3
6

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/tea.2

2
0

2
4

 b
y

 U
n

iv
ersity

 O
f M

isso
u

ri C
o

lu
m

b
ia, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [0

2
/0

5
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se


