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Abstract

Teachers’ mental health has been recognized as relevant to teacher effectiveness, with past work
identifying impacts of teachers’ mental health on teacher, classroom, and student outcomes.
However, much still needs to be understood about the extent to which teachers’ mental health is
associated with students’ learning experiences, including in which learning contexts and among
which student groups effects might surface most pointedly. We investigated associations among
fourth grade teachers’ (N=65) self-reported depressive and anxious symptomatology and their
students’ (N=805) self-reported behavioral engagement in mathematics, science, and English
language arts and whether these associations varied for students based on their enrollment status
in a Free and Reduced Meal (FARM) program, a broad indicator of economic disadvantage.
Multilevel modeling revealed interaction effects such that, among disadvantaged students,
teachers’ depressive symptoms were associated with decreased mathematics and science
engagement. Results highlight the importance of providing mental health support for teachers, as
well highlight teachers’” well-being as relevant to issues of equity in elementary STEM

education.
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Associations Between Elementary Teachers’ Mental Health and Students’ Engagement
Across Content Areas
The field of education has increasingly recognized teachers’ well-being as relevant to

their effectiveness. Elementary and early-childhood teachers’ mental health symptomatology, in
particular, has been connected to wide range of teacher, classroom, and student outcomes
including teachers’ instructional and classroom management practices, classroom quality,
classroom relationships, and students’ own well-being and social, emotional, and academic
development (Hamre & Pianta, 2004; Harding et al, 2019 Maricutoiu, 2023; McLean & Connor,
2015; 2018; McLean et al., 2018; Roberts et al., 2016; Sandilos et al., 2015). One promising
student outcome that has not yet been examined in connection to teachers' mental health is
students’ self-reported behavioral engagement. Behavioral engagement is defined as a student’s
participation in learning activities through effort and persistence (Skinner et al., 2008; 2009), and
is a high-leverage learning behavior that is strongly predictive of students’ development across
multiple domains including academic achievement, social/emotional competence, and behavior
(Archambault et al., 2009; Lei et al., 2018; Li et al., 2011; Li & Lerner, 2011; Myers et al.,
2012). Recent investigations have illustrated that teachers’ emotions including teaching-related
anxiety, enjoyment, and frustration are associated with students’ engagement (Aldrup et al.,
2018; de Ruiter et al., 2019, 2020; Frenzel et al., 2018; 2020; Hagenauer et al., 2015; Kunter et
al., 2011), and so it would stand to reason that other emotion-relevant teacher experiences
including mental health symptomatology would show similar associations. Importantly, past
studies have shown that effects of teachers’ mental health symptoms on students might surface
differently across content areas and student groups (McLean & Connor, 2015; 2018; McLean et

al., 2023), and so in the present study we investigate associations among teachers’ self-reported



depressive and anxious symptoms and their students’ self-reported behavioral engagement across
the content areas of mathematics, science, and English language arts (ELA), as well as
investigate whether these associations differ between adequately served and underserved
students.

This study offers some methodological elaborations on the current body of literature
regarding teachers’ mental health. First, much of the related work on teachers’ mental health, and
their emotional experiences more broadly, has relied upon teachers to report both their own
experiences and their students’ outcomes, for example linking teachers’ reports of their own
experiences and characteristics to their reports of their students’ academic competence or
behavior (for example, Aldrup et al., 2018; de Ruiter et al., 2019, 2020; Frenzel et al., 2018;
2020; Hagenauer et al., 2015; Kunter et al., 2011; McLean et al., 2020). While such approaches
have produced important results, a single-reporter approach does not capture students’
perceptions, experiences, and outcomes as precisely as first-hand student reports. In the present
study, we examine associations among teachers’ self-reported mental health symptomatology
and students’ self-reported content area engagement, thus reducing bias inherent in relying on
single reporters. Second, the bulk of past work on teachers' mental health has focused on
teachers’ depressive symptoms and burnout, and teachers’ anxious symptoms have seen
comparatively less attention. In the present study, we measure both depressive and anxious
symptomatology, two experiences that past work has indicated are highly related but that are
characteristically different from one another in some notable ways.

Findings can contribute to the compelling body of evidence supporting the consideration
of teachers’” well-being in education research and policy. This is critically important given that

teachers experience higher rates of occupational stress and mental health symptomatology than



do individuals in other professions (Gallup, 2014; 2022; Greenberg et al., 2016), and that
teachers and students alike are currently navigating increased barriers to well-being and success
in the wake of the COVID-19 pandemic: U.S. teachers’ occupational stress and mental health
symptomatology have seen dramatic increases during the pandemic (Diliberti et al., 2021;
Kaufman & Diliberti, 2021; Pressley, 2021), and recent large-scale evaluations of student
achievement have shown stark declines on the whole as well as widening achievement gaps
between adequately-served and underserved student groups (NAEP, 2020; 2022). More
proximally, findings of the present study can provide more nuanced insights into which contexts
and among which students the effects of teachers’ mental health surface most pointedly, with this
information then guiding the prioritization of supports for teachers and their students.
Theoretical Framework

We draw from Appraisal Theory (Scherer, 1999), Sociocultural Theory (John-Steiner &
Mahn, 2011; Vygotsky, 1978) and the Stress Contagion Model (Wethington, 2000) to frame this
study. First, Appraisal Theory holds that individuals use the emotional, behavioral, and affective
cues from others in their immediate social context to interpret what is happening around them,
with these interpretations then informing their behavioral responses (Parkinson & Manstead,
2015). Second, Sociocultural Theory holds that young children largely look to a “more
knowledgeable other” for information (both explicit and implicit) to guide these appraisals, with
this more knowledgeable other having great potential to influence that child’s development.
Third, Stress Contagion Model holds that the negative emotional experiences of individuals
within a shared social setting, and most especially of figures who are primary points of social

reference (i.e., “more knowledgeable others”), can transfer to others both directly and indirectly.



These theoretical tenets can be applied to the classroom, which is a significant
developmental context characterized by “close and intense interactions between teachers and
students” (Hargreaves. 2000, pg. 819). Students make constant appraisals of the classroom
environment (e.g., “am I safe in this environment?” “How should I feel about learning this
content?” “Do my classmates and teacher like me?”), and these appraisals guide their behaviors,
including engagement (Mendoza & King, 2020). Further, the teacher is the leader of the
classroom, providing direct instruction as well as initiating and maintaining classroom routines
and values (among many other roles). As such, the teacher assumes the role of the more
knowledgeable other within the classroom and as such is a key social reference, with students
relying heavily on the intentional (instruction, classroom norms and routines) and perhaps less
intentional (social and affective) cues the teacher gives to make their appraisals. These processes
may be even more pronounced in early childhood and elementary settings, as younger students in
the U.S. are typically taught by a single teacher of record rather than rotating among multiple
teachers as would middle or high-school students. This further highlights the important roles of
elementary teachers as important social references for their young students. Building from this,
an elementary teacher who is experiencing increased mental health symptomatology may display
different social/affective cues, may have characteristically different interactions with students,
may make different instructional decisions, and may be less able to create and sustain effective
classroom routines. These negative emotional experiences, then, may transfer to students through
students’ appraisals of the teachers’ social and affective cues, as well as through changes in
teachers’ functioning that lead students to have more negative classroom experiences and,

ultimately, disengage from learning.



The above is supported by research in the general population showing that mental health
symptomatology is associated with changes to individuals’ affect, energy, and motivation
(Nolen-Hoeksema et al., 2008), all of which would likely impact the social and affective cues a
teacher gives as well as the way they lead their classroom. In addition, processes of emotional
contagion among teachers and students have been illustrated in the classroom: Burgess et al.,
(2018) provide a thorough overview of how students’ social interactions in school settings,
including their interactions with the teacher, can lead to the transfer of emotions among
individuals, with a specific focus on the role of motivation in these processes (and we note that
motivation is a well-known contributor to engagement; Martin, 2006; Linnenbrink, 2007; Saeed
& Zyngier, 2012). More proximal studies of emotional contagion in the classroom have
illustrated how these processes can unfold: Bakker (2005) found that teachers’ “flow” (a
combination of absorption, enjoyment, and motivation) directly predicted their students’ “flow”
during music lessons; Oberle and Schonert-Reichel (2016) found that when teachers experienced
more occupational stress, they tended to use more reactive and punitive classroom management
strategies and as a result the classroom climate deteriorated and the emotional needs of students
were not met; and most recently Xie et al., (2022) found evidence across cultures that teachers’
enjoyment was positively associated with their students’ enjoyment, which then resulted in more
optimal student achievement. More broadly, others have demonstrated that teachers’ mental
health symptoms can indeed impact the ways they lead and interact with students within the
classroom. Teachers’ mental health symptoms have been found to diminish the quality of their
interactions with students (Hamre & Pianta, 2004) as well as to surface in the larger systems of
classroom quality (McLean & Connor, 2015; Sandilos et al., 2015), classroom instruction

(McLean & Connor, 2018; McLean et al., 2018), and classroom management (Li-Grining et al.,



2010). What is less known, though, is whether teachers’ mental health symptomatology impacts
students’ engagement specifically and how such effects might be further driven by students’ own
characteristics. Importantly, Stress Contagion explicitly recognizes that the above processes are
likely more severe among individuals in underserved communities (Milkie & Warner, 2011),
supporting our investigation of the moderating effects of student disadvantage on our direct
relations of interest.

Together, the above theoretical frameworks illustrate that teachers’ negative emotional
experiences likely transfer to students both directly through students’ immediate appraisals of
and responses to teachers’ social/affective cues, as well as indirectly through larger classroom
processes. While we don’t investigate indirect effects via classroom processes in the present
study, we acknowledge the potential for them to exist and assert that it is important to first
establish a baseline understanding of the associations between teachers’ mental health and
students’ engagement, with promising next steps being to describe in more detail the processes
through which these associations unfold.

Teachers’ Mental Health

In the present study, we focus on teachers’ symptoms of clinical depression and anxiety
as predictors of students’ content area engagement. Depression is considered a dampening of
positive affect, emotions, and energy with symptoms including fatigue and feelings of
worthlessness, whereas anxiety is described as an activation of worry or fear to excessive levels
that detract from daily functioning (American Psychiatric Association, 2013). While clinical
depression and anxiety have been found to co-occur in many individuals (Kircanski et al., 2017;
Schoevers et al., 2005), they are characteristically different from one another and include unique

sets of symptoms, though both result in an interruption to an individuals’ ability to perform daily



tasks (APA, 2013). Multiple large, national surveys of U.S. teachers conducted prior to COVID-
19 indicate that teachers report higher rates of work-related stress, mental health
symptomatology, and career burnout than do individuals in the general population (American
Federation of Teachers, 2017; Whitaker et al., 2013). Further, surveys comparing experiences
among multiple professions have consistently highlighted teaching as one of the most stressful
occupations (Gallup, 2014; 2022; Greenberg et al., 2016; Johnson et al., 2005). National surveys
conducted in the U.S. since March of 2020 have further described declines in teachers’ mental
health after the onset of the COVID-19 pandemic, with all findings indicating stark increases in
depressive and anxious symptomatology, burnout (Kaufman & Diliberti, 2021), and intentions to
leave the field (Diliberti et al., 2021). Considered together, the literature on teachers’ mental
health both before and after the onset of COVID-19 highlights the importance of fully
understanding the causes, prevalence, and implications of teachers’ mental health through high-
quality empirical research, and using this information to guide systems of teacher and student
support.

A large body of work has illustrated the far-reaching impacts of teachers’ mental health
for teachers themselves, for classroom processes, and for students. Regarding teacher outcomes,
mental health symptomatology has been found to negatively impact teachers’ job satisfaction and
performance, and to be positively associated with teacher absences (Ferguson et al., 2012; Fernet
et al., 2012; Kyriacou, 2001), likely contributing to the high rates of career exit observed among
teachers (Carver-Thomas & Darling-Hammond, 2017). Conversely, when teachers experience
higher job satisfaction, they are more likely to enact high-quality instructional practices
(Harrison et al., 2023). Regarding classroom processes and student outcomes, teachers with

higher rates of mental health symptomatology have been found to have lower-quality classrooms
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(McLean & Connor, 2015; Sandilos, 2015), to provide less of certain types of instruction
(McLean & Connor, 2018; McLean et al., 2018), and to have fewer positive instructional and
relational (including behavior management) interactions with students (Aloe et al., 2014; Hamre
& Pianta, 2004; Li-Grining et al., 2010). Regarding student outcomes, teachers’ mental health
symptoms are associated with students’ academic achievement (McLean & Connor, 2015);
social/emotional competence (Roberts et al., 2016); and biological stress responses (Oberle &
Schonert-Reichl, 2016). In the present study, we focus on how teachers’ mental health
symptomatology is associated with their students’ content-area engagement, and while no past
work has examined this specifically, related work has found that teachers’ burnout is associated
with decreased student engagement (Covell et al., 2009) and learning motivation (Shen et al.,
2015). In contrast, teachers’ enjoyment - a positive teaching-related emotion that would likely be
dampened by increased mental health symptomatology - is associated with increased student
engagement (Frenzel et al., 2018).

Although we know that teachers’ mental health impacts their teaching behaviors (which
in turn have marked implications for students’ learning behaviors; Cooper, 2013; Ruzek et al.,
2016; Skinner et al., 2008; 2009), direct associations among teachers’ mental health
symptomatology and students’ self-reported learning behaviors have yet to be established.
Further still, within the teacher mental health literature relatively little is known about how
teachers’ anxious symptoms operate in the classroom, with the bulk of teacher anxiety research
focusing on teachers’ anxiety for teaching certain content areas - namely mathematics. Given
that clinical depression and anxiety involve different sets of symptoms, with depression
characterized by a general dampening of affect and energy while anxiety is characterized by

activation, it is possible these two experiences could present differently from each other in the
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classroom. As such, investigations of teachers’ mental health that include consideration of
anxious symptomatology are important to round out the current body of work.
Student Engagement

We focus on students’ self-reported behavioral engagement in mathematics, science, and
ELA as outcomes in the present study because prior research has shown that teachers’ emotions
and emotion-related experiences have implications for students’ engagement, and because
engagement is a high-leverage learning behavior that predicts many important domains of child
development. “Behavioral engagement” (which we refer to simply as “engagement” from here
on) is broadly defined as students’ participation in learning activities through effort and
persistence (Skinner et al., 2008; 2009), and in the case of the present study this definition is
applied to each individual content area. Students’ engagement, broadly conceived, has been well-
established as an important learning behavior that has implications for long-term outcomes
including educational persistence, degree attainment, mental health, and substance abuse
(Archambault et al., 2009; Li et al., 2011; Li & Lerner, 2011; Myers et al., 2012). More
proximally, engagement supports academic achievement from the early childhood through
adolescence (Fredricks et al., 2004; Lei et al., 2018; Lindstrom et al., 2021; NRC, 2003; Wang &
Eccles, 2012), as students’ engagement in learning opportunities supports their uptake of
instructional information. Supporting the instructional environment in a way that sets the stage
for high levels of engagement can maximize the impact of teacher instruction (Chow et al.,
2020). Engagement is also important for students’ social/emotional and behavioral development
(Wang & Fredricks, 2014), presumably because highly engaged students have more
opportunities in the classroom to observe and interact with their teachers and peers and thus

grow their social and emotional skills.
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While explicit connections among teachers’ mental health symptomatology and students’
engagement have not yet been established, related work focusing on teachers’ emotions and
emotion-related experiences provides ancillary evidence that these relations likely exist:
Teachers’ provision of emotional support in the classroom and, more broadly, the classroom
emotional climate, have been shown to positively predict student engagement (Cooper, 2014;
Reyes et al., 2012; Ruzek et al., 2016; Skinner et al., 2008; Strati et al., 2017), and the extent to
which teachers are able to provide this emotional support has been shown to be influenced by
their mental health (Roberts et al., 2016). By establishing a direct link between teachers’ mental
health and students’ engagement, the present study could better inform the potential mechanisms
through which teachers’ mental health can influence students. for example, teachers’ mental
health may lead to reduced emotional support, which then may lead to lower student
engagement, which then may lead to less optimal student development. This knowledge could
also help identify targets for professional development and supports for teachers - especially
those who are experiencing barriers to well-being.

Content-area and Group Differences

An important pattern of note in the literature describing the impacts of teachers’ mental
health on students is that these teacher factors can surface differently in different content areas
and among different student groups. In particular, there is emerging evidence that teachers’
mental health appears to surface in science and mathematics, and among disadvantaged and
underachieving students, more pointedly than it does in ELA or among adequately served
students. For example, McLean & Connor (2015) found that teachers’ depressive symptoms
negatively influenced their students’ mathematics, but not ELA, achievement, and that these

effects only surfaced among students already struggling in mathematics. In a later study, McLean
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& Connor (2018) further identified teachers’ provision of academic feedback as a potential
mediator of this initial relation, with teachers who reported more depressive symptoms providing
less positive feedback in mathematics, and again with disadvantaged students’ mathematics
achievement affected. Most recently, McLean et al., (2023) found that teachers’ negative
emotions for teaching were associated with their disadvantaged students’ anxiety for
mathematics and science, but not for ELA.

While the reasons for these patterns are still largely unknown, past works illustrating that
teachers experiencing more mental health challenges tend to have lower-quality classrooms
(McLean & Connor, 2015; Roberts et al., 2016; Sandilos et al., 2015) and also tend to apply
different types and amounts of instruction (McLean & Connor, 2018; McLean et al., 2018) might
serve to suggest that these classroom elements (quality, instructional support) are particularly
crucial for disadvantaged students’ mathematics and science learning. Lastly, the current body of
work on students’ engagement supports our investigation of content-area and group-specific
differences in the impacts of teacher mental health on student engagement: prior studies have
illustrated that student engagement is likely content-area-dependent (Goetz et al., 2006), and
differs among students based on demographic characteristics, with disadvantaged students
reporting lower engagement (Marks, 2000).

Research Questions and Hypotheses

We pose the following two research questions:

1. To what extent do teachers self-reported depressive and anxious symptoms directly relate
to their students’ self-reported engagement in mathematics, science, and ELA?
2. To what extent do these direct relations vary between adequately served and underserved

students?
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We anticipate that direct, negative associations will exist among teachers’ depressive and
anxious symptoms and their students’ engagement in all content areas, and that moderating
effects of student disadvantage will exist for mathematics and science whereby underserved
students who are in classrooms with teachers who report more symptoms will report the lowest
levels of mathematics and science engagement.

Methods
Procedures

See Table 1 for an overview of the study design and data collection timeline. Data were
collected in a federally funded study exploring the roles of emotions in teaching and learning
across content areas in elementary classrooms. Data collection occurred from Fall 2018 to Spring
2023, and multiple cohorts of fourth grade teachers and students participated. Each cohort
participated for one academic year, and each was comprised of unique participants; no teachers
or students participated for more than one academic year. Pooled data from the first three cohorts
were used to address the research questions of the present study. Cohort 1 participated during the
2018/2019 academic year, Cohort 2 participated during the 2019/2020 academic year, and
Cohort 3 participated during the 2021/2022 academic year. Data collection was paused for the
2020/2021 academic year due to prolonged school closures in the wake of COVID-19, and so no
cohort participated that year.

Each cohort underwent similar recruitment, consent, and data collection procedures
according to the same timeline in their respective participating year, with some adjustments to
data collection procedures made for Cohort 3 in response to policies implemented to mitigate the
spread of COVID-19. Teachers were invited to enroll in the summer prior to their participating

year, and when introduced to the purpose of the study were told generally that researchers were
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“exploring teaching and learning processes across core content areas”. Teachers who elected to
enroll provided informed consent and reported on their demographics prior to the start of the
school year. In the first weeks of the school year, parents/guardians of all students in classrooms
of participating teachers were invited to enroll their child to participate in the study via
enrollment packets sent home by teachers which contained information about the study, consent
documents, and a short paper-and-pencil demographics survey. Guardians who elected to enroll
their child provided consent and completed the survey and returned the packet to the child’s
teacher.

Teachers and students completed two surveys throughout their participating year in
which they reported on their emotions and emotion-related experiences, their beliefs, and their
teaching and learning behaviors in mathematics, science, and ELA. Survey administrations took
place in the fall (Time 1) and winter (Time 2). Within each time point, data collection was
scheduled so that teachers completed surveys before their students. At Time 1, teachers
completed initial surveys in the first weeks of the school year (August), with the goal of
capturing their mental health symptoms before spending a significant amount of time with their
current group of students. Teachers in all cohorts received electronic links to surveys housed in
the platform Qualtrics and were given two weeks to complete the survey during which they were
sent two reminders. Students completed Time 1 surveys in October, after all teacher surveys had
been completed. For Cohorts 1 and 2, teachers were asked to schedule a time within a 6-week
window for a project member to administer paper-and-pencil surveys to all enrolled students in
their classroom. For Cohort 3, because outside parties were no longer allowed into classrooms,
teachers were sent electronic links to the student survey housed in Qualtrics and were asked to

administer the survey to enrolled students on classroom computers. Cohort 3 teachers were given
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6 weeks to administer their student surveys and were instructed to administer all student surveys
at the same time (i.e., teachers did not administer student surveys sporadically across the 6-week
window, all surveys within a classroom took place on the same day).

The same respective approaches were taken at Time 2 for each cohort, with teachers
completing Time 2 surveys in January and students completing Time 2 surveys in late February
and early March. All teacher surveys were taken in English, and all students were given the
option to take their survey in either English or Spanish, though the vast majority of students
elected to take surveys in English. In the case that an enrolled student was absent on the day of
student survey administration, project staff worked with teachers to arrange a follow-up visit
within one week of the initial administration for these students to complete the survey (for
Cohorts 1 and 2) or teachers were instructed to administer the electronic survey as soon as
possible after the students’ return (for Cohort 3). Teachers were provided monetary
compensation for their completion of surveys, and students were provided a small gift.
Participants

Participants were from 28 public elementary schools in 8 districts in a Southwestern U.S.
state. All districts were located within the same 50-mile geographic area, and this area spanned
rural, urban, and suburban settings. A wide range of student enrollment rates in a Free and
Reduced Meal (FARM) program was observed, ranging from 6% (considered an adequately
served area) to 94% (considered an underserved area). Student racial/ethnic makeup also varied
greatly among schools, with schoolwide percentages of students of color ranging from 96% to
17%. Reflecting the demographics of the state, many schools had high enrollments of
Hispanic/Latino/a students, with more than half of schools reporting that over 50% of their

students identified as Hispanic/Latino/a.
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Fifteen teachers and 198 students participated in Cohort 1, 18 teachers and 245 students
participated in Cohort 2, and 32 teachers and 362 students participated in Cohort 3, for a total
combined analytic sample of 65 teachers and 805 students. Based on an average class size of 25
students, student enrollment rates in the present study ranged from 10% to 100%, with an
average enrollment rate across classrooms of 52% (13 students). The majority of teachers self-
reported as female (88%) and White (71%); 21% as Latino/a; 3% as African American; 2% as
Native American/Alaska Native/Hawaiian Native; and 2% as multiracial. The remaining 1% of
teachers (about 6 teachers) did not report their race. Teachers ranged in age from 22 to 63 years
old (mean 39.15 years, SD 10.62 years), and ranged in years of teaching experience from 0 to 38
years (mean = 10.4 years, SD 8.34 years). Fifty-five percent of teachers reported their highest
degree as a bachelor’s degree; 43% a master’s degree; and 1% a doctoral degree. The remaining
1% of teachers did not report their highest degree earned, however teacher licensure policies in
place at the time of data collection required at least a bachelor’s degree in order for one to hold a
position as a teacher of record.

Guardians reported that 46% of students were identified as biologically female at birth;
45% were identified as biologically male at birth; and 9% of guardians did not report on their
child’s biological sex at birth. No guardians indicated that their child currently held a gender
identity that was not consistent with their biological sex assigned at birth. Forty-three percent of
guardians identified their child as Hispanic/Latino/a; 20% as White; 15% as Multiracial; 5% as
African American; 5% as Native American/Alaska Native/Hawaii Native; 2% as Eastern
Asian/Pacific Islander; and the parents/guardians of the remaining 11% either reported “other” or
opted not to report their child’s race. Fourteen percent of guardians reported their own highest

education level as “no high school” or “some high school, but no degree”; 25% as ““a high school
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degree”; 11% as “technical training/certificate”; 10% as “an associate’s degree”; 12% as “a
bachelor’s degree”; 5% as “some graduate school experience, but no graduate degree”’; 6% as “a
master’s degree”, 1% as “a doctoral degree,” and the remaining 16% of guardians did not report
their highest degree earned. Sixty-eight percent of students were enrolled in their school’s
FARM program.

Measures

Teacher and Student Demographics. Teachers and parents/guardians of students
reported demographics at their respective time of enrollment. Pertaining to the present study,
teachers reported their years of teaching experience not including the participating year and
parents/guardians reported their child’s sex (coded in the data as 0 = male and 1 = female) and
FARM status (coded as 0 = not enrolled in FARM and 1 = enrolled in FARM). While past
research has indicated that FARM status is not a precise indicator of student socioeconomic
status (Domina et al., 2018; Harwell & LeBeau, 2010; Michelmore & Dynarski, 2017; Parsons et
al., 2019), recent work has instead described FARM enrollment as a broad indicator of student
disadvantage (Fazlul et al., 2023), and so we adopt this broader conceptualized in the present
study.

Teacher Mental Health Symptomatology. Teachers reported in the fall (Time 1) and
winter (Time 2) how frequently they had experienced depressive and anxious symptoms in the
past two weeks. Depressive symptoms were measured using the Center for Epidemiologic
Studies Depression Scale — Short Form (CESD-10; Radloff, 1977). In the CESD-10, users
indicate on a 4-point likert scale (1= “rarely or none of the time; 4 = “most or all of the time”)
how frequently they have experienced 10 symptoms of clinical depression. Example items

include “I was bothered by things that don’t usually bother me” and “I felt that everything I did
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was an effort”. This scale showed high internal consistency in the present study with alpha = .85
for fall and .92 for winter. Anxious symptoms were measured using the Generalized Anxiety
Disorder Scale (GAD; Spitzer et al., 2006), which asks users to rate on a 4-point likert scale (1 =
“not at all”’; 4 = “nearly every day”) the frequency with which they have experienced seven
symptoms of anxiety disorder. Example items include “I was so restless it was hard to sit still”
and “I had trouble relaxing”. This scale showed high internal consistency in the present study
with alpha = .91 for fall and .95 for winter. For each measure, positively-valanced items were
reverse-coded prior to scoring and means for each time point were calculated, with higher values
indicating more depressive or anxious symptomatology. Mean scores for depressive and anxious
symptoms across time points were calculated by averaging the Time 1 and Time 2 means for
each scale.

Student Mathematics, Science, and ELA Engagement. Students reported their
mathematics, science, and ELA engagement in the fall (Time 1) and winter (Time 2) using the
Behavioral Engagement subscale from the Engagement versus Disaffection with Learning scale
(Skinner et al., 2009). The original behavioral engagement subscale contains 5 non-content-area
specific items, and these items were adapted to reflect specific content areas in the present study.
Items ask users to rate on a 5-point likert scale (1 = “not true at all”; 5 = “very true”) the extent
to which a given statement is true of them. Example items include “when I'm in
math/science/ELA class, I listen very carefully” and “in math/science/ELA class, I work as hard
as I can.” The original scale assessing non-content-area specific engagement has shown adequate
internal consistency in elementary student samples with alpha coefficients ranging from .61 to
.72. The content area-specific versions used in the present study also showed high internal

consistency, with alpha coefficients of .90 for both fall and winter ELA engagement, .80 and .82
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for fall and winter mathematics engagement, and .87 and .88 for fall and winter science
engagement. Mean scores for each content area for each time point were calculated, with higher
values indicating more engagement in a content area.
Analytic Approach

Descriptive statistics and zero-order correlations were examined to confirm acceptable
variable distributions and explore the nature of baseline relations among variables. Given the
nested structure of our data, multilevel modeling in the statistical computing program MPlus
(Muthén & Muthén, 2017) was used to address the research questions on the impacts of higher-
level predictors on lower-level outcomes. Even though level-2 variance was low and design
effects (Peugh, 2010) fell below the recommended threshold of 2 for all outcomes (see below for
more details), we still opted to use a multi-leveled approach to address our research questions.
While proportions of variance and design effects are useful metrics to assess the need for nested
analyses, many argue that they are not the only points to consider when selecting an analytic
method for nested data, and that researchers should also consider the study design and levels
represented in research questions when determining whether to use a multi-leveled approach.
This was confirmed in a rigorous simulation study testing the rigor of relying solely on design
effects: Lai & Kwok, (2015) found that design effects should not be used as sole justification for
non-nested analyses when researchers are interested in the effects of higher-level predictors, or
when some or all clusters have sizes of less than 10, both of which are true in the present study.

Variable distributions, predicted probability plots (p-plots), and scatterplots were
examined to confirm that data aligned with the typical assumptions of normality of data, linearity
of relationships, and homoscedasticity of errors. An iterative model building approach was then

used which informed both the significance of detected effects as well as the proportions of
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variance accounted for at each level by covariates and focal predictors. All continuous predictor
variables were grand-mean centered prior to analyses in order to provide an interpretable
intercept for each outcome, and the grand-mean centered teacher mental health variables and
dichotomous FARM variable were multiplied to create teacher-mental-health-by-student-FARM
interaction terms. First, unconditional two-level models assessing the variance of each outcome
at level-1 (variation between students) and level-2 (variation between classrooms) were run, and
design effects were calculated based on these models and on additional study design features.
Next, two-level covariates-only models were run that included student sex, FARM enrollment,
and the Time 1 measure of content area engagement predicting students’ Time 2 content area
engagement at level 1, and included pre-vs. post-COVID cohort membership, teacher years of
experience, and the classroom aggregated Time 1 measure of content area engagement predicting
classroom aggregated Time 2 content area engagement at level 2. Main effects models were then
run which included teacher mental health variables (modeled separately) at level 2 as predictors
of focal outcomes. Next, interaction models were run which included the teacher-mental-health-
by-student-FARM interaction terms as additional predictors at both level 1 and level 2.
Interactions were probed even in the absence of significant main effects due to the potential for
crossover effects (Lee et al., 2015), whereby slopes for two groups exist in opposite directions
and negate the detection of a main effect. R-squared estimates, which quantify the amounts of
variance at each level accounted for by the included predictors, were compared between models
to ascertain the magnitude of significant effects detected. Depressive and anxious symptoms
were modeled separately as predictors of each focal outcome to avoid potential multicollinearity
(Alin, 2010; Daoud, 2017), or interdependence among predictors in a multiple regression model

(Thompson et al., 2017). Multicollinearity is possible when predictors are highly (r > .05)
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correlated with each other, potentially leading to inaccurate parameter estimates. Clinical
depression and anxiety, while distinct conditions with unique sets of symptoms are typically
highly correlated (Kircanski et al., 2017; Schoevers et al., 2005), and these high correlations
existed in the present study. Thus, three iterative models were built with depression as a focal
predictor (depression predicting student engagement in each content area), and three iterative
models were built with anxiety as a focal predictor (anxiety predicting student engagement in
each content area).

Some missing data existed: all teachers provided data on their years of teaching
experience, and 98% of teachers provided at least one point of data on mental health
symptomatology that could be used to create the year average used in analyses (98% provided
mental health data at Time 1; 90% at Time 2). Between 88% and 90% of students provided data
at Time 1 across content area engagement measures, and between 79% and 82% of students
provided data at Time 2. Non-significant correlations between missingness (coded 0 for not
missing and 1 for missing) and primary study variables indicated these data were likely missing
at random. All statistical models were run using the Full Information Maximum Likelihood
(FIML) estimator, which uses each case’s available data to compute estimated values for missing
data, thus retaining the analytic sample’s full power (Hox, 1999). While MPlus automatically
provides model fit indices, these indices are not considered in a regression framework (as
opposed to structural equation modeling or path analysis frameworks), and so are not reported in
the present study.

Lastly, it is possible that teacher and student participants who completed data collection
after returning to in-person schooling in the 2021/22 academic year (Cohort 3) may have had

very different experiences than those who completed collection prior to prolonged COVID-19
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school closures (Cohorts 1 & 2), and these differences could impact the nature of relations
among focal variables between the two groups. Since this is not captured by controlling for pre-
vs. post-COVID cohort membership, we ran additional non-aim-specific analyses to test whether
the above effects differed between groups (Cohorts 1 & 2 compared to Cohort 3). To test for
differences in main effects of mental health on students’ content-area engagement, we created
additional 2-way interaction terms using the mental health predictor variables and the pre- vs.
post-COVIVD cohort membership variable and introduced these as additional predictors into all
main effects models. To test for differences in mental-health-by-student-FARM interaction
effects, we created additional 3-way interaction terms using the mental health predictor variables,
the dichotomous FARM enrollment variable, and the pre- vs. post-COVIVD cohort membership
and introduced those into all interaction models.
Results

Preliminary Analyses

Examinations of descriptive statistics (see Table 2), p-plots, and scatterplots revealed no
notable deviations from regression assumptions (normality, linearity, homoscedasticity).
Descriptive statistics revealed estimates for skewness that fell below the threshold of 2 and
estimates of kurtosis fell below the threshold of 7 (Fidell & Tabachnick, 2003). In general,
average levels of teacher mental health symptomatology were low to moderate, which is
consistent with prior research (McLean & Connor, 2015; 2018). Conversely, average levels of
student engagement were high in all content areas and across both time points. Students reported
similar levels of engagement across content areas, however there was notable variability among
students in their self-reported engagement. Independent samples t-tests comparing students’

mean levels of content-area engagement between Cohorts 1 and 2 and Cohort 3 revealed no
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significant differences between these two groups in average levels of engagement in any content
area.

Bivariate correlations among primary continuous study variables (see Table 3) indicated
the following: first, teacher years of experience showed small, negative correlations with both
depressive (r =-.22, p<.01) and anxious (r = -.18, p<.01) symptoms and showed small, positive
correlations with students’ engagement across most content areas and time points with the
exception of students’ Time 1 ELA engagement and students’ T1 science engagement. Teachers’
depressive and anxious symptoms were highly correlated at r = .75 (p<.01), which is consistent
with findings in prior mental health research (Kircanski et al., 2017; Schoevers et al., 2005).
Teachers’ depressive and anxious symptoms were not significantly correlated with student
engagement in any content area, at any time point. Student engagement variables were
moderately to highly, and positively, correlated.

Multilevel Models

Unconditional models revealed that the majority of the variance in each focal outcome
existed at level-1, or between individual students: level-1 variance estimates were .87 for Time 2
ELA engagement, .65 for Time 2 mathematics engagement, and .70 for Time 2 science
engagement while level-2 variance estimates were .05 for Time 2 ELA engagement, .05 for Time
2 mathematics engagement, and .08 for Time 2 science engagement. Design effects calculated
based on these variance estimates ranged from 1.6 to 1.9.

The covariates-only model for Time 2 ELA engagement revealed significant effects of
FARM status (B =-.23, p <.01) and Time 1 ELA engagement (B = .44, p <.01) on students’
Time 2 ELA engagement at level-1 such that students enrolled in FARM reported lower

engagement, and higher Time 1 engagement was associated with higher Time 2 engagement.
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This model also revealed significant effects of the classroom aggregated Time 1 ELA
engagement (B = .78, p <. -1) on classroom aggregated Time 2 ELA engagement such that
higher classroom average Time | engagement was associated with higher classroom average
Time 2 engagement. Student sex was not significantly associated with the outcome at level-1,
and pre- vs. post-COVID cohort membership and teacher years of experience were not
significantly associated with the outcome at level-2.

The covariates-only model for Time 2 mathematics engagement revealed significant
effects of sex (B =.16, p <.01), FARM enrollment (B =-.10, p = .05) and Time 1 mathematics
engagement (B = .50, p <.01) on students’ Time 2 ELA engagement at level-1 such that girls
reported higher Time 2 engagement and students enrolled in FARM reported lower Time 2
engagement. As well, higher Time 1 engagement was associated with higher Time 2
engagement. This model also revealed significant effects of the classroom aggregated Time 1
mathematics engagement (B = 1.26, p <.01) such that higher classroom average Time 1
engagement was associated with higher classroom average Time 2 engagement. Pre vs. post-
COVID cohort membership and teacher years of experience were not significantly associated
with the outcome at level 2.

The covariates-only model for Time 2 science engagement revealed a significant effect of
Time 1 science engagement (B = .43, p <.01) on students’ Time 2 ELA science engagement at
level 1 such that higher Time 1 engagement was associated with higher Time 2 engagement. This
model no significant effects of sex or FARM enrollment on students’ Time 2 engagement at
level 1, and no significant effects of pre vs. post-COVID cohort membership, teacher years of
experience, or the classroom aggregate Time 1 science engagement on the classroom aggregate

Time 2 science engagement.
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Research Question #1: Direct Effects of Teachers’ Mental Health. See Tables 4 and 5
for all main effects and interaction model estimates. Three main effects models were run
assessing the direct effects of teachers’ depressive symptomatology on students’ engagement in
each content area, and three models were run assessing the effects of anxious symptomatology
on students’ engagement in each content area. All level-1 and level-2 covariates remained in the
models, and each mental health focal predictor was introduced at level-2 for each outcome.
Across the six main effects models run, no significant direct effects of teachers’ depressive or
anxious symptoms were detected for any student engagement outcomes.

Research Question #2: Interactions with Student FARM Status. Interaction models
were run that introduced teacher mental health-by-student-FARM interaction terms as additional
predictors of students’ engagement in each content area at both level 1 and level 2. The
interaction models for teachers’ depressive symptoms and student FARM enrollment predicting
students’ Time 2 mathematics engagement revealed a significant depressive-symptoms-by-
FARM interaction effect on students’ Time 2 mathematics engagement at level-1 (B =-.33,p =
.03, with this interaction indicating a negative relation between teachers’ depressive symptoms
and students’ Time 2 mathematics engagement among students enrolled in FARM (see Figure 1).
Comparisons of r-squared estimates between the interactions model and the main effects model
for depressive symptoms predicting students’ Time 2 mathematics engagement revealed that the
depressive-symptoms-by-FARM interaction effect accounted for 1% of the variance in the
outcome at level 1.

Similarly, the interaction model for teachers’ depressive symptoms and student FARM
enrollment predicting students’ Time 2 science engagement revealed a significant depressive-

symptoms-by-student-FARM interaction effect on students’ Time 2 science engagement at level-
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1 (B=-.29, p=.05), with this interaction indicating a negative relation between teachers’
depressive symptoms and student Time 2 science engagement among students enrolled in FARM
(see Figure 2). Interaction models for teachers’ anxious symptoms and student FARM
enrollment predicting students’ engagement in each content area revealed no significant anxious-
symptoms-by-student-FARM interaction effects on students’ Time 2 engagement in any content
area. Comparisons of r-squared estimates between the interactions model and the main effects
model for depressive symptoms predicting students’ Time 2 science engagement revealed that
the depressive-symptoms-by-student-FARM interaction effect accounted for 1% of the variance
in the outcome at level 1.

Post-Hoc Analyses. 2-way interactions testing for differences between Cohort 1 & 2
(combined) and Cohort 3 in the nature of relations between teachers’ depressive and anxious
symptoms and students’ content-area engagement revealed no significant differences between
groups in the main effects tested above. Similarly, 3-way interactions testing for differences in
relations between teachers’ depressive and anxious symptoms and their disadvantaged students’
content-area engagement revealed no significant differences between groups in the above
significant depressive-symptoms-by-FARM interaction effects detected.

Discussion

We sought to identify associations among teachers’ mental health symptomatology and
their students’ content-area engagement; a high-impact student learning behavior with strong ties
to academic, behavioral, and social/emotional, and behavioral development (Archambault et al.,
2009; Lei et al., 2018; Li et al., 2011; Li & Lerner, 2011; Myers et al., 2012). As well, we sought
to explore how these relations might differ across content areas and between adequately served

and underserved students. Our goal was to highlight an additional student factor, engagement,
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which may be influenced by teachers’ mental health and to provide more precise information
about in which contexts, and among which students, these associations might surface most
pointedly. We anticipated that both depressive and anxious symptoms would be negatively
associated with students’ engagement in all content areas, and that interaction effects with
student FARM status would surface in mathematics and science; specifically, that more
disadvantaged students who were in classrooms with teachers experiencing higher levels of both
depressive and anxious symptomatology would report the lowest mathematics and science
engagement. Findings partially aligned with these predictions: although direct effects were not
present in any content area, interaction effects indicated that teachers’ depressive symptoms were
associated with the engagement of disadvantaged students in both mathematics and science.

The field has made notable progress in identifying how teachers’ mental health and
emotional experiences relate to a wide range of teacher, classroom, and student outcomes. In the
present study, we expand on this body of literature by providing novel and nuanced evidence of
connections among teachers’ mental health and students’ engagement using methodological
approaches that have been identified as needed in this line of work (Frenzel, 2021), namely
incorporating student reports of their own experiences and considering anxious symptoms as
well as depression. Moving toward a more complete understanding of how exactly teachers’
mental health influences students’ learning behaviors can inform systems of teacher training,
intervention, and continuing education efforts seeking to support both teachers and their students.
Within this, understanding how different mental health conditions surface differently across
content areas and student groups could help inform the prioritization and streamlining of
emotion-centered supports in contexts where these are most needed (i.e., aligned with specific

mental health experiences, with certain content areas and in underserved contexts). Following,
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we present immediate conclusions drawn from these findings, as well as a discussion of
implications for the fields of educational research and practice.
Conclusions

Analyses revealed that teachers’ depressive symptoms were associated with lower
mathematics and science engagement among students enrolled in FARM. When considered
alongside the current literature on teachers’ mental health, these findings suggest (1) that
teachers’ depressive symptoms might operate through reduced student engagement to impact
students’ development, and (2) that STEM content areas and disadvantaged student groups are
potentially more vulnerable to these processes. Drawing on our founding theories, it could be
that teachers with more depressive symptoms displayed more negative outward cues and that
their disadvantaged students appraised these cues and responded with reduced engagement. It
could also be that teachers’ depressive symptoms led to a classroom environment that was less
facilitative of students’ engagement, potentially due to lower overall classroom quality (McLean
& Connor, 2015; Sandilos et al., 2015; Roberts et al., 2016) or differences in the instructional
decisions teachers made (McLean et al., 2018). Regardless of the specific causal mechanism(s),
findings are in line with past work indicating that teachers’ emotions are associated with
students’ engagement (Cooper, 2014; Reyes et al., 2012; Ruzek et al., 2016; Skinner et al., 2008;
Strati et al., 2017); and that the influence of teachers’ emotions and emotion-relevant experiences
can operate differently depending on both the instructional context (content area) and
characteristics of students (McLean & Connor, 2015; McLean et al., 2023).

Findings were detected for depressive, but not anxious, symptoms and surfaced in science
and mathematics rather than in ELA. These findings could suggest that teachers experiencing

more depressive symptoms may be less likely to utilize types of instruction that have been shown
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to promote students’ science and mathematics engagement. Some core tenets of engaging
science and mathematics instruction include generating students’ interest through phenomenon
or design-based problems (Edelson et al., 2021; Lee, 2021); applying discourse that engages
students in reasoning, modeling, argumentation and problem-solving (Campbell et al., 2015;
Chen et al., 2016); and leveraging students’ social, cultural, and linguistic resources as tools to
encourage engagement and participation (Gillies et al; Lee, 2021). While these specific science
and mathematics instructional practices have not yet been studied in relation to teachers’ mental
health, some past work has established that teachers’ depressive symptoms can indeed manifest
in their classroom instruction: McLean et al., 2018 found that teachers’ depressive symptoms
decreased their likelihood of applying types of instruction that require more effort on their part
including engaging with many students in the class at once and spending time orienting students
to upcoming lessons. Given this more general link between teachers’ depressive symptoms and
the effort they can put forth in their instruction, it could be that the above tenets of engaging
science and mathematics instruction require more effort on the part of the teacher, and that
teachers in the present study experiencing more depressive symptoms had less capacity to enact
these practices.

Interestingly, results suggest that such processes may have not been occurring for
teachers experiencing anxious symptoms. In response to this, we posit that the dampening effects
inherent in clinical depression may have more overt implications for students’ appraisals of
teachers and/or teachers’ classroom functioning than the activation inherent in clinical anxiety.
Individuals experiencing depressive symptoms are more likely to display flat, disengaged affect
and to report fatigue and lack of motivation, whereas individuals experiencing anxiety do not

typically exhibit these (APA, 2013). The affective implications of experiencing depressive
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symptoms may be more noticeable to students than those associated with experiencing anxious
symptoms, and/or the fatigue and lack of motivation inherent in clinical depression may be more
likely to surface in teachers’ classroom practices.

We now consider our findings that disadvantaged students appeared to be more
susceptible to the impacts of their teachers’ depressive symptoms, and that these impacts
surfaced only in science and mathematics, and not in ELA. First, we consider a large body of
research describing the differences in home learning environments experienced by more vs. less-
advantaged students: It is well-established that children from disadvantaged backgrounds
experience home environments that are less conducive to learning (DeFlorio & Beliakoff, 2015;
Munez et al., 2021). Given this, it could be that disadvantaged students in the present study
entered the classroom more reliant on their teachers to facilitate their engagement in science and
mathematics and were thus more impacted when their teachers experienced barriers (e.g.,
depressive symptoms) to doing so.

In considering the lack of findings for ELA, we offer that social policies and programs
have historically held a stronger relative focus on ELA than other content areas. Many social
policies and programs exist promoting high-quality home literacy environments, with particular
focus on helping parents from disadvantaged backgrounds support their children’s developing
literacy (e.g., Let’s Talk Dads, Raising a Reader, Reach out and Read, Unite for Literacy). These
programs, many of which were active among study communities during data collection, may
have bolstered the home learning environment that disadvantaged children in the present study
experienced in regard to ELA. It could be that this stronger focus on literacy in social policy and
programming leads young students to enter the classroom more familiar with, and thus more

likely to engage in, ELA despite their teacher experiencing depressive symptoms.
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Lastly, we provide some comments on the sizes of effects detected. Effect sizes were
very small at 1%. However, this is in line with past work investigating the impacts of teachers’
well-being, emotions, and other affective characteristics and experiences on students, and is not
surprising given that the study was underpowered at the teacher level, that studies using
multiple-reporter methods tend to have smaller effects (Frenzel, 2021), and that the only effects
detected were among a subgroup of students via interaction effects. Thus, we highlight the
novelty and significance of effects detected as important guides for future research. Efforts
involving more teachers/classrooms or different measurement approaches might yield more
robust effects. Conceptually, the small effects detected could also serve to suggest that teachers’
mental health operates along with and/or through other factors such as instructional quality or
teacher efficacy to impact students, lending more credence to the inclusion of well-being foci to
interventions attempting to improve teacher practice.

Limitations and Future Directions

We acknowledge some features of the present study that limit our ability to claim
causality in our detected effects and to generalize findings to the larger populations of U.S.
teachers and students. First, our sample of 65 teachers and 805 students, while adequately
powered at the student level, is underpowered at the teacher level. This increases the risk of type
IT error or failing to detect an existing association. It is encouraging, then, that some effects were
detected, however any lack of effects might be a result of this type II error rather than true null
effects. Second, while some temporal precedence existed in our models (teacher variables
measured before student outcomes, initial levels of student outcomes controlled for), the analyses
conducted here do not prove causality and as such we cannot make definitive claims about the

directionality of associations. It is possible that teachers’ mental health symptomatology and
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students’ engagement have bi-directional and/or reciprocal associations which were not captured
in our analytic approaches. Further, data were collected among teachers and students from a
single U.S. state. States, and the districts within them, vary in their racial/ethnic and
socioeconomic makeup as well as in their policies regarding teacher preparation, support,
required practices, etc., and these variations could have implications for how teachers and
students experience the processes investigated here. We assert that findings should be considered
exploratory and used to inform future research that can elaborate and expand upon what was
found here. A final element we want to acknowledge is that past studies have cautioned that
enrollment in FARM does not precisely capture student and/or family socioeconomic status, with
this metric typically overestimating the number of students categorized as having low family
SES (Domina et al., 2018; Harwell & LeBeau, 2010; Michelmore & Dynarski, 2017; Parsons,
Koedel & Tan, 2019). Recent investigations into the validity of this indicator have led
researchers to caution against its use as a metric of SES, and to instead view it as a broader
indicator of disadvantage (Fazlul et al., 2023). As such, we have been careful in the present study
not to conceptualize FARM enrollment as reflective of socioeconomic status, but instead
describe students enrolled in FARM as “disadvantaged” or “underserved”.

The findings of the present study provide a starting point upon which future
investigations can build, with the goal of fully understanding how teachers’ mental health
operates to impact students’ learning and development. Future studies could attempt to replicate
what was discovered here using larger and more robust samples, and could investigate how
associations might differ further depending on additional factors such as grade level (i.e., are
associations different in early childhood settings? in middle or high-school settings?) or school

type (i.e., do associations differ between public, private, or charter schools?). As there is clear
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potential for these processes to occur indirectly, future work utilizing mediation frameworks
could investigate which teacher, classroom, and student factors mediate the relations between
teachers’ mental health symptoms and students’ development. For example, future studies
investigate whether teachers’ mental health symptoms impact the quality of the instruction they
provide and the extent to which this in turn impacts students’ engagement, and/or could
investigate the potential mediating role of engagement in some of the previously illustrated
relations between teachers’ mental health and students’ academic and other outcomes. In
addition, future studies could extend the measurement of these variables longitudinally to
examine how relations might change over time, might be bi-directionally and/or reciprocally
related, and/or how the effects of a teachers’ negative emotional experiences might extend to
impact teachers and students in subsequent years. Lastly, while students’ content-area
engagement was the focal outcome in the present study, it is likely that teachers’ mental health
symptomatology is also associated with other relevant student experiences and outcomes that
were not studied here, including students’ learning-related emotions, their perceptions of the
teacher and the classroom environment, and their learning motivation. Future studies exploring
how teachers’ well-being, emotions, and related experiences are associated with these additional
student factors could enrich this currently under-informed area of literature. Lastly, due to the
limitations inherent in the use of FARM as an indicator of SES, future studies could seek to
replicate and expand upon what was discovered here using more robust indicators of SES such as
household income.
Broader Implications and Recommendations

We now turn to broader implications of these findings for the fields of education

research, policy, and practice. First, we offer that the findings of the present study serve to
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highlight teachers’ mental health and related emotional experiences as topics worthy of
incorporating into efforts to promote teacher effectiveness. Teacher training and effectiveness
interventions have historically focused on increasing teachers’ pedagogical and content
knowledge and skills, however programs targeting these elements of teaching have shown
limited impacts on students (Garet et al., 2016; Gersten et al., 2017; Jayanthi, 2017). This
suggests that efforts to inform and improve teacher effectiveness may be excluding consideration
of additional elements of teaching that play roles in teachers’ ability to translate what they learn
in interventions into practice. For example, a teacher struggling with depressive symptoms may
be less able to apply new knowledge of pedagogy and instructional practices gained in an
intervention because they are also experiencing increased fatigue and a loss of motivation. Thus,
interventions targeting teacher effectiveness could better meet their potential by providing
explicit training and support for teachers’ well-being alongside attempts to improve teacher
knowledge and instructional practice.

Findings also serve to highlight teachers’ well-being as a topic relevant to educational
equity, and specifically equity in elementary STEM education. Large-scale investigations into
teacher recruitment and turnover have delineated the challenges that underserved communities
face in attracting and retaining effective teachers (Goldhaber & Cowan, 2014; Goldhaber et al.,
2015; Ingersoll, 2001) with these challenges especially critical in the STEM teacher workforce
(Goldhaber et al., 2022; Ingersoll & May, 2012). As well, investigations into the experiences of
elementary teachers suggest that many feel unprepared to support the development of students
from underserved communities (Johnston & Young, 2019), and worry that they are unable to
foster adequate STEM learning in young students (Weiss, 1994). Additionally, studies have

suggested that teachers of younger students are the most uncomfortable with STEM and may
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self-select into teaching younger (elementary or early childhood) grades to avoid teaching
advanced STEM content (Wilkins, 2008; 2009). Considered together, it would stand to reason
that teachers in high-needs contexts may experience mental health symptomatology at higher
rates, and that elementary STEM teachers might be at risk for the highest levels of
symptomatology. While this alone is enough to warrant the provision of additional supports to
teachers of underserved students, the findings of the present study highlight the potential reach of
such supports: by providing targeted, well-being-focused supports to elementary teachers who
provide regular mathematics and science instruction in high needs contexts, the field could not
only improve the personal and professional outcomes of teachers themselves via increased
retention, but could support the positive development of underserved students in these
communities. Further, given the role of parents/guardians in children’s mathematical
development, there may be important, consequential opportunities for home-school relationships
and partnerships to explicitly focus on improving parent and teacher affect toward STEM
content.

Supports for teachers’ well-being could come at multiple levels. At the policy level,
adjustments to systems of teacher compensation, and within this, approaches to recruitment and
retention that attract effective STEM teachers to high-needs contexts and motivate them to
remain there could have positive impacts. As well, policies that optimize the structure of
teachers’ daily routines such as reducing workloads, providing protected time for teachers to
engage in lesson planning, and maximizing teachers’ time spent engaging with students would
also likely result in improved teacher mental health (Jones et al., 2021; Kraft et al., 2021).
Similar policy support for children and families could come from social programming that

promotes children’s development of positive STEM beliefs, knowledge, and motivation, with a
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focus on building these capacities among students from more disadvantaged families. These
efforts may then lead to young students entering the classroom less reliant on their teacher for
socialization to STEM content. We also assert that, within systems of teacher preparation and
continuing education, more emphasis should be placed on preparing teachers to effectively
engage with the emotional aspects of teaching and learning, including building their knowledge
of the roles of emotions in learning, the potential for emotions to transmit among teachers and
students in the classroom, the utility of leveraging positive emotions for the benefit of students
(Frenzel et al., 2018; 2021), and strategies for emotion regulation in the classroom. We do note
some teacher training and continuing education programs that have seen success in centering
teachers’ emotions and well-being, for example the Cultivating Awareness and Resilience in
Educators (CARE; Jennings et al., 2017; 2019) and the Building Resilience in Teacher Education
framework (BRiTE; Mansfield et al., 2016). Considering these lines of work in tandem with
findings of the present study, such frameworks could be tailored to elementary STEM teachers in
high-needs contexts to see maximum benefit among the teachers and students most in need.
Results of the present study should also be considered in the current educational climate,
with students, teachers, schools, and education systems navigating unprecedented challenges in
the wake of the COVID-19 pandemic. As stated previously, teachers are currently reporting
marked struggles with mental health symptomatology, burnout, chronic stress, dampened
motivation, and intentions to leave the field (Diliberti et al., 2021; Kaufman & Diliberti, 2021,
Pressley, 2021), and recent economic evaluations have indicated that teacher
shortages are persisting and/or increasing in communities already strained by an inadequate

teacher workforce (Camp et al., 2022). Thus, supporting teachers’ well-being in meaningful



ways and at every level of the education system could be a promising approach to promoting

student engagement as we work towards academic, social, and emotional learning recovery.
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Table 1. Study design and data collection overview.

Study Year 1 Study Year 2 Study Year 3 Study Year 4
(Data collection paused)
Fall 2018 Winter 2019 Fall 2019 Winter 2020 Fall 2020 Winter 2021 Fall 2021 Winter 2022
e Demographics e Teacher MH
Cohort e Teacher MH e Student
1 e Student Engagement
Engagement
e Demographics e Teacher
Cohort e Teacher MH MH
2 e Student e Student
Engagement Engagement
. e Teacher MH
Demographics o Student
Cohort Engagement
3 e Teacher MH
e Student
Engagement

Note: “MH” = “Mental Health”.
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Table 2. Descriptive statistics.

N Min Max Mean SD Skewness Kurtosis
1. T Years Experience 64 0 38 9.79 8.37 95 32
2. T Anxious Symptoms 64 0 2.86 g7 .79 1.14 46
3. T Depressive Symptoms 64 0 2.60 49 .50 1.16 3.52
4. S T1 ELA Engagement 710 1 5 411 1.02 -1.29 91
5. S T2 ELA Engagement 640 1 5 4.08 .96 -1.10 .56
6. S T1 Math Engagement 728 2 5 413 82 -1.11 .68
7. S T2 Math Engagement 661 1 5 410 .83 -1.12 .90
8. S T1 Science Engagement 721 1 5 417 .96 -1.36 1.29
9. S T2 Science Engagement 649 1 5 418 .88 -1.14 .65

Note: ‘T’ = Teacher; ‘S’ = Student; ‘T1’ = Time 1; ‘T2’ = Time 2.
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Table 3. Correlations among continuous study variables.

1 2 3 4 5 6 7 8 9
1. T Years Experience 1
2. T Anxious Symptoms - 18%* 1
3. T Depressive Symptoms S22%Ek 5k 1
4. S T1 ELA Engagement .06 .01 .05 1
5.S T2 ELA Engagement 2% .01 -.01 A49%* 1
6. S T1 Math Engagement .09%* .03 .06 O5%FEF 4] 1
7. S T2 Math Engagement 10%* .06 .04 A48FF  o3%*k  53F* 1
8. S T1 Science Engagement .06 .01 .06 6% 4%k 60FK  45%* 1
9. S T2 Science Engagement .08* .03 .04 A2%% 0 66*F  3TFE 63%k  50%* 1

Note: ‘T’ = Teacher; ‘S’ = Student; ‘T1’ = Time 1; ‘T2° = Time 2; * indicates p is significant at <.05; ** indicates p is significant at
<.01



Table 4. Main effects and interactions models for teacher anxious symptoms predicting student engagement in each content area.

ELA Main Effects Mathematics Main Effects Science Main Effects
Intercept Intercept Intercept
T2 ELA Engagement 4.17 T2 Math Engagement 4.09 T2 Sci Engagement 4.23
B SE P B SE P B SE P
Level 1 Level 1 Level 1
Sex .07 .06 .21 Sex 16 .06 <.01 Sex 01 .06 .90
FARM -23 .07 <01 FARM -10 .05 .05 FARM -08 .07 .24
TIELA 44 05 <o L1 Math 50 04 <01  TISciEngagement 43 .04 <01
Engagement Engagement
Level 2 Level 2 Level 2
Prevs.PostCOVID 02 10 83  Prevs.PostCOVID 01 08 99 [ levs-Post 05 08 .50
Years Experience .01 .01 .10 Years Experience 01 .01 41 Years Experience 01 .01 .48
TIELA 77 24 <01 L1 Math 121 32 <01  TI SciEngagement 1.13 28 <01
Engagement Engagement

Anxious Symptoms .03 .06 .59

Anxious Symptoms 05 .05 .33

Anxious Symptoms .07 .05 .13

ELA Interaction Effects

Mathematics Interaction Effects

Science Interaction Effects

Intercept
T2 ELA Engagement 4.18

B SE P
Level 1
Sex .08 .06 .18
FARM -25 .07 <01
T1ELA 4405 <01
Engagement
Anxiety-by-FARM  -.04 .11 .75

Level 2

Intercept
T2 Math Engagement 4.09

B SE P
Level 1
Sex 16 .06 <.01
FARM -11 .05 .04
T1 Math 50 .04 <0l
Engagement
Anxiety-by-FARM ~ -.03 .10 .77
Level 2

Intercept
T Sci Engagement  4.28
B SE P
Level 1
Sex 01 .06 .88
FARM -09 .07 .20
T1 Sci Engagement .43 .04 <.01
Anxiety-by-FARM  -.02 .09 .81

Level 2



Pre vs. Post COVID

Years Experience
T1 ELA
Engagement
Anxious Symptoms
Anxiety-by-FARM

.02
.01
.76

A1
-12

.10
.01
23

.09
A1

.84
A2
<.01

.26
25

Pre vs. Post COVID

Years Experience
T1 Math
Engagement
Anxious Symptoms
Anxiety-by-FARM

.01
.01
1.23

.10
-.08

.08
.01
31

.08
q1

97
44
<01

.20
45

Pre vs. Post

COVID ~05
Years Experience 01
T1 Sci Engagement 1.14
Anxious Symptoms .11
Anxiety-by-FARM  -.08

.08
.01
27

07
.07

.50
Sl
<.01

.10
.30
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Note: ‘ELA’ = English language arts; ‘Math’ = Mathematics, ‘Sci’ = Science; ‘FARM’ = Free and Reduced Meal program,; ‘T1’ = Time I; ‘T2’

= Time 2
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Table 5. Main effects and interactions models for teacher depressive symptoms predicting student engagement in each content area.

ELA Main Effects Mathematics Main Effects Science Main Effects
Intercept Intercept Intercept
T2 ELA Engagement 4.12 T2 Math Engagement 4.07 T2 Sci Engagement 4.19
B SE B P B SE P
Level 1 Level 1 Level 1
Sex .08 .06 .18 Sex d6 .06 <.01 Sex 01 .06 .82
FARM -24 .07 <01 FARM -12 .05 .05 FARM -08 .07 25
T1 ELA Engagement 44 05 <01 T1 Math Engagement S50 .04 <01 T1 Sci Engagement 43 .04 <01
Level 2 Level 2 Level 2
Pre vs. Post COVID 08 .09 .39 Pre vs. Post COVID 04 08 .63 Pre vs. Post COVID -01 .09 .89
Years Experience .01 .01 21 Years Experience .01 .01 57 Years Experience 01 .01 .67
T1 ELA Engagement g9 24 <01 T1 Math Engagement 126 .32 <01 T1 Sci Engagement 1.25 36 <01
Dep Symptoms -.08 .08 28 Dep Symptoms .01 .07 .98 Dep Symptoms .03 .08 74
ELA Interaction Effects Mathematics Interaction Effects Science Interaction Effects
Intercept Intercept Intercept
T2 ELA Engagement 4.13 T2 Math Engagement 4.08 T2 Sci Engagement 4.21
B SE B P B SE P
Level 1 Level 1 Level 1
Sex .08 .06 .18 Sex 16 .06 <.01 Sex 02 .06 .78
FARM -24 .08 <01 FARM -11 .05 .05 FARM -15 .07 .02
T1 ELA Engagement 44 05 <01 T1 Math Engagement S50 .04 <01 T1 Sci Engagement 43 .05 <01
Depression-by-FARM -29 24 24 Depression-by-FARM -33 .15 .03 Depression-by-FARM -29 14 .05
Level 2 Level 2 Level 2
Pre vs. Post COVID 08 .09 .38 Pre vs. Post COVID 04 08 .59 Pre vs. Post COVID -01 .09 .99
Years Experience .01 .01 .20 Years Experience .01 .01 54 Years Experience -01 .01 .66
T1 ELA Engagement g7 .23 <01 T1 Math Engagement 1.19 31 <01 T1 Sci Engagement 147 43 <01
Depressive Symptoms -13 13 .35 Depressive Symptoms -09 .17 .61 Depressive Symptoms -02 .18 .90
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Note: ‘ELA’ = English language arts; ‘FARM’ = Free and Reduced Meal program; ‘T1’ = Time I; ‘T2’ = Time 2
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Figure 1. Teacher-depression-by-student-FARM interaction.
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