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Abstract: (1) Background: Due to the mental health crisis that has spiraled since the onset of COVID-
19, particularly among the nation’s youth, the purpose of this study was to examine the efficacy of
a novel, school-based mental health intervention for high school students (ages 15-17 years). This
project’s main aim was to determine which intervention modality was more effective with students
across two school districts with varying degrees of rurality (in-person delivery vs. remote delivery).
A secondary aim of this study was to determine the efficacy of a remotely delivered, concurrent
intervention for educators across both school districts. This study took place in rural southwestern
Montana. (2) Methods: Utilizing a 6-week, trauma-informed yoga intervention, comparisons of
mental and physical health outcomes were performed using cohort data drawn from participants’
physiological data and validated mental health survey measures. (3) Results: While physiological
results were mixed across experimental groups, mental health outcomes were overwhelmingly
positive for all groups. Additionally, educators reported improvements in career satisfaction and
burnout levels. (4) Conclusions: Findings indicate a great deal of promise with this intervention
in improving mental health outcomes for both students and educators. Moreover, a face-to-face
intervention for students showed dramatic improvement in physiological stress indicators.

Keywords: trauma; mental health; rural schools; intervention; social emotional learning

1. Introduction

Since the onset of the COVID-19 pandemic, the mental health of youth has been
and continues to be an area of concern, particularly in educational contexts. Data indi-
cate that student mental health is a rising epidemic as the number of high school stu-
dents who feel sad or hopeless has continued to increase [1]. In 2009, according to the
Youth Risk Behavior Survey, the percentage of students feeling sad or hopeless almost ev-
ery day for at least two weeks was 26.9%. In 2021, the percentage increased to 42.3% [1].
When analyzing the data based on gender, the percentage reported was much higher for
females (56.6%) than males (28.6%). A meta-analysis also mirrored the same findings,
indicating an increase in depression and anxiety symptoms [2]. In terms of high school
students who seriously considered or attempted suicide, the numbers also increased from
13.8% (seriously considered) and 6.3% (attempted) in 2009 to 22.2% (seriously considered)
and 10.2% (attempted) in 2021 [1]. These data underscore the increasing severity of the
mental health crisis among our nation’s youth, which also has implications for physical
health as well [3,4]. Of particular relevance to this study is a noted gap in the literature
related to mental health interventions in rural communities and school contexts. Thus,
this project seeks to address this gap. The study’s primary aim was to determine which
intervention modality was more effective with students across two rural school districts
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with varying degrees of rurality (in-person delivery vs. remote delivery). A secondary aim
of this study was to determine the efficacy of a remotely delivered, concurrent intervention
for educators across both school districts.

1.1. The Effects of Trauma on Adolescent Well-Being

Even prior to the pandemic, mental health challenges were one of the leading causes
of negative life outcomes for young people [5]. Along with the effects of this widespread
contagion, the pandemic also revealed that the mental health crisis was disproportionately
impacting minority populations including marginalized individuals who have experienced
poverty and trauma [5]. The related stress and adverse childhood experiences of marginal-
ized youth, such as those living in rural areas, can negatively impact brain development [6].
The stress response or activation of the autonomic nervous system due to traumatic expe-
riences can create challenges related to memory and information processing. According
to Gross (2020), “real, measurable, negative physiological changes, including those in the
brain, take place when the autonomic nervous system is repeatedly put into a state of
high alert or, worse, is regularly in that state” [6] (p. 50). During childhood, experiences
shape neural plasticity in the brain. Both positive and negative experiences throughout
one’s youth can shape the trajectory of a child’s mental and physical health [7]. Due to the
developing nature of a child’s brain, toxic stress not only impacts the internal structures
of the brain, including the hippocampus (the brain’s memory center) and amygdala (the
brain’s fight/flight/ freeze area), but it also affects other body systems [8,9]. Such examples
of additional physiological impacts of childhood adversity include impacts on one’s cor-
tisol (stress hormone) levels and vagal nerve functioning, as well as decreased heart rate
variability [10,11]. Germain to this study, a child’s environment and context can also play a
crucial role in exposure to adversity and accessibility to supportive healthcare services for
mental and physical well-being.

1.2. Study Context: Rural Montana

This study took place in rural southwestern Montana across two different school dis-
tricts: one located in a town with roughly 8500 residents and the other in a remote location
with fewer than 800 year-round residents. In the more rural of the two locations, residents
face a minimum 60-mile drive to the nearest hospital (located in the first school district)
and roughly 175 miles to the state’s only children’s hospital that offers acute mental health
support for youth. These two locations provide a lens into the difficulties rural Montanans
face in terms of access to quality healthcare providers. Not only are these providers at a
great distance from the more remote study site, but dangerous weather also often creates
an additional barrier; frequent winter snowstorms close roads regularly, and in 2022, this
community became completely cut off due to roads being washed away in a catastrophic
flood. Therefore, participants based in this location not only face geographic challenges to
quality mental healthcare, but they have also potentially experienced the trauma related to
a natural disaster (which led to the loss of multiple homes and employment in the area) [12].
Further, the rurality of the study context necessitated examining a remote delivery option;
there are no trauma-informed yoga instructors located in the more rural of the two school
districts, so offering a remotely delivered intervention was the only feasible option for the
school’s participation. A remote delivery option was also intended to be of particular bene-
fit to the educator participants so that they could exercise flexibility in terms of where they
participated in order to accommodate their varying schedules. Finally, testing a remotely
delivered intervention also has larger implications for scalability and intervention access
for additional remote study sites in future iterations of this research.

Additionally, the cultural context of rurality plays an important role in mental health.
Montanans often embrace the “cowboy up” culture, which emphasizes rugged individual-
ization and self-reliance; however, this mentality often stigmatizes seeking mental health
support as a “weakness” [13-15]. Given that childhood adversity is more prevalent in rural
America than in its urban counterparts, and especially given the suicide crisis in Montana
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specifically, it is particularly critical to de-stigmatize mental healthcare to best support its
vulnerable youth [16-20].

1.3. The Importance of Educator Wellness

While this study focused on supporting the mental and physical well-being of rural
youth in Montana, a secondary lynchpin of this project was to concurrently support the
educators responsible for these adolescents daily. Patricia Wilcox, a licensed clinical social
worker, is quoted as asserting “if we [school/district administrators] do not feed the staff,
they’ll eat the children” (2023, personal communication). In other words, if the adults who
provide care for adolescents in school classrooms each day are not in a good frame of mind,
their attitudes will negatively impact their students. Established research suggests that
when educators are emotionally dysregulated, their students are more stressed and exhibit
lower academic achievement [21]. Conversely, improvements in educator well-being and
educator reductions in depressive symptomatology are associated with improvements in
student psychological well-being [21]. Therefore, our study utilized a holistic approach
to support student mental health by including our student participants” educators in a
concurrent mental health intervention.

1.4. Research Orientation and Intervention Framework: Trauma-Informed Yoga

As mentioned above, context matters; in this study, we utilized a community-based
participatory research orientation, or CBPR. Bush et al. (2017) assert that “CBPR is an
approach in which researchers undertake research in partnership with those affected by
the issue being studied, for the purpose of taking action or effecting social change; it
can also incorporate those who will use the results to change practice and inform policy.
CBPR is research with communities rather than research on or about communities” [22,23].
Therefore, by utilizing this research orientation, the research team was able to ensure that
the unique needs identified by the participating communities and schools would be the
central focus [22,23]. These participating school districts identified the need for a trauma-
informed, movement-based intervention to mitigate the ongoing mental health and suicide
crisis in their communities. Thus, the idea of piloting a school-based, trauma-informed
yoga intervention was born.

There is a significant lack of research combining the topics of rurality and remotely
delivered trauma-informed yoga interventions. However, there is existing research that
supports the efficacy of remotely delivered yoga interventions, alongside research on
yoga in rural contexts. Previous studies indicate that there is a clear difference between
participation in yoga activities in urban settings as compared with rural settings; this is
likely attributed to the lack of access to qualified instructors in more rural contexts [24-26].
Further, since the onset of COVID-19, remotely delivered yoga interventions have risen
in popularity due to the lockdown associated with the pandemic. A 2024 meta-analysis
of randomized control trials with remote and online interventions during the pandemic
showed moderate to large effects on both anxiety and depression, respectively, among
children, adolescents, and young adults [27]. Recent studies also indicate that this delivery
method has been successful in promoting mental and physical well-being across adult
populations [28,29]. Our study draws on this previous research and seeks to address the gap
in the literature by comparing both an in-person and remotely delivered, trauma-informed
intervention for both adolescent and adult populations.

While there is a plethora of research supporting mental, physical, and cognitive benefits
associated with yoga practice, a trauma-informed yoga practice differs from that of a traditional
one [6,25]. Specifically, for trauma survivors, the element of “somatic experiencing” is critical to
a yoga practice to move through one’s trauma [30]. According to Levine et al. (2018), “somatic
is a reference to the Greek soma, signifying something that is of the living body. Experiencing
is a verb, alluding to interventions that access the phenomenological level of being and are
focused on the present moment” [31] (p. 620). Somatic Experiencing (SE) focuses on bod-
ily sensations as a therapeutic approach to resolving trauma and associated symptoms [31].
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Trauma-informed yoga provides instruction and experience that supports individuals who
may respond to triggers while also striving to prevent re-traumatization [10,25]. According to
Spinazzola et al. (2018), the effects of trauma can severely impact both psychosocial functioning
and neurodevelopment in youth [32]. Trauma also disrupts the vagus nerve, which is crucial for
regulating autonomic functions and emotional responses, contributing to heightened arousal
and emotional dysregulation [32]. However, regular physical activity, including yoga, has
been shown to mitigate symptoms of PTSD and improve cognitive function; specifically, for
individuals who have experienced trauma, consistently higher levels of cortisol can have a
detrimental effect on the hippocampus, thus negatively impacting memory and stress regula-
tion [33]. Exercise promotes neuroplasticity and neurogenesis, counteracting the detrimental
effects of chronic stress on the brain [34]. Physical movement also enhances mood regulation
and self-efficacy, which is therefore essential for trauma recovery [35].

Integrating somatic experiencing principles into yoga practice in an educational environ-
ment offers a promising approach for trauma survivors to heal and regain control over their
bodies and minds. By addressing the physiological impacts of trauma and leveraging the
benefits of movement and exercise, students can experience improvements in their well-being
and quality of life. Although prolonged stress can negatively impact the entirety of the body;,
developmentally appropriate opportunities in an educational setting—like a trauma-informed
yoga practice—can help improve the stress response’s flexibility and capability to support
building resiliency [36]. Offering these kinds of opportunities is an important part of the process
to counteract the negative effects of trauma and adverse childhood experiences since, according
to Smyth and Pollack (2020), “early life stress is consistently associated with altered functioning
of the hypothalamic pituitary adrenal (HPA) axis and autonomic nervous system” [7] (p. 3).
Research by Chiang, Lam, Chen, and Miller (2022) also found that “psychological stress during
childhood and adolescence increases risk of health problems across the life course” [3] (p. 27).
From surviving to thriving, supporting students in their mental health journeys exhibits great
promise through trauma-informed interventions, such as the one utilized in this study, which in
turn provide positive childhood experiences (PCEs) and ultimately health outcomes of positive
experiences (HOPEs) [6].

1.5. Purpose of the Study

As described previously, there is a plethora of research supporting both the negative
outcomes of childhood adversity and the need for movement-based therapies; however,
there is a dearth of research investigating novel, school-based programming designed to
mitigate adverse childhood experiences, especially in rural settings [4,8,25,30,35]. Thus, this
pilot study was designed to address this major gap in the literature and builds on 4 years of
previous iterations of this project, which piloted different modalities of the intervention to
both high school students and educators [37—42]. In this culminating, final year, the aim of
this project was to determine which intervention modality was more effective with students
across two different school districts with varying degrees of rurality (i.e., if the intervention
was delivered in-person vs. remotely over Zoom). A secondary aim of this study was
to determine the efficacy of a remotely delivered, concurrent intervention for educators
across both school districts. Comparisons of mental and physical health outcomes were
performed by the research team using cohort data drawn from participants’ physiological
data and survey results. The present study sought to explore the effects of trauma-informed
yoga intervention on rural youth and their teachers.

2. Materials and Methods
2.1. Participants

This pilot study was conducted in rural southwestern Montana across two different
school districts. The first school was in a rural town with about 8500 residents, while the
second was in a very rural, geographically remote location with fewer than 800 year-round
residents. For the academic year in which this study was conducted, the district in the
larger town had a total of 1255 students, with the high school enrolling over 400 students.
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In the remote school district, the entire district had fewer than 150 students, with the
high school comprising roughly one-third of all students [43]. Participants’ ages ranged
from 15 to 17 years of age.

2.2. Timing

This study was held during the first 6 weeks of the third academic quarter (end of
January through mid-March 2023). This time period was identified by school district
administrators as one that is historically difficult for students, as attendance rates tend to
drop and reported cases of mental crisis increase. Additionally, this is a challenging time
for educators, as negative student behaviors and the aforementioned absenteeism typically
rise during this time.

2.3. Intervention Design

As previously stated, our community-based participatory research orientation allowed
the research team to co-create our intervention design alongside our school and community
partners. The resulting intervention design was composed of three primary groups of
interest: (1) a face-to-face intervention group for students in the larger rural high school;
(2) a synchronous, remotely delivered intervention group for the very rural geographi-
cally isolated high school; and (3) a synchronous, remotely delivered intervention group
for educators across both districts. Across all three groups, 83 students and educators
volunteered to participate in our study. Educators were offered the option to receive
their intervention before or after school, depending on their schedules. For students, the
intervention took place in their regularly scheduled physical education class; for all experi-
mental groups, the intervention took place during the same 6-week timeframe. Sessions
for all participants were held twice weekly for the six weeks of the intervention, and all
sessions were 45 min long, regardless of the delivery modality. All intervention sessions
were led by two certified trauma-informed yoga instructors (one instructor delivering the
intervention in person and the other leading the sessions remotely). Additional character-
istics of the schools included variability in their school calendar: the face-to-face student
group’s school district is held on a 5-day school week, whereas the more rural school
operates on a 4-day school week. Participation by all enrollees was completely voluntary,
and participation incentives were offered; high school students received a wearable fitness
tracker upon the completion of the study, and educators were offered an Amazon gift card
upon the conclusion of their participation.

2.4. Aim One

In total, 18 students were enrolled from the larger rural district, and 22 were enrolled
from the remote district. Student ages ranged from 15 to 17. While racial data were not
collected, there were 9 females enrolled from the larger high school and 9 males, and there
were 11 females and 11 males from the smaller high school.

2.5. Aim Two

Forty-three educators volunteered to participate across both districts; given that they
all received the same intervention modality, they were not separated into distinct cohorts
in the experimental design. In terms of the participating educators, 39 females and 4 males
were enrolled; more educators were initially enrolled, but they did not complete the study
due to attrition. Educator ages ranged from 27 to 77.

In line with established research findings, Figure 1 below illustrates our trauma-
informed intervention framework, as adapted from Cook-Cottone [35].

As outlined above, each week of the intervention was intended to explore various
themes related to the embodiment of trauma in an attempt to reestablish feelings of agency
and positivity. Within each module, specific movement sequences were taught to partic-
ipants to address specific symptoms of traumatic exposure, and the entire intervention
was grounded in addressing the overall relational disconnect that occurs among trauma
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2.6.3. Mental and Behavioral Health

Generalized Anxiety Disorder—7 (GAD-7-Adult and GAD-7-Child; [46-48]). The
GAD-7-Adult and GAD-7-Child are 7-item measures that assess the severity of generalized
anxiety disorder symptoms in adults and youth, respectively. We asked educators and
students to report how bothered they were by each symptom over the past two weeks
using a 4-point Likert-type scale consisting of 0 (not at all), 1 (several days), 2 (more than
half the days), and 3 (nearly every day). We used mean scores across all items, with
higher scores indicating greater severity of anxiety disorder symptoms for educators and
students. Previous research showed the GAD-7-Adult has excellent internal consistency
(e.g., o« = 0.92), construct validity (all items loaded onto a single factor), and convergent
validity with established measures of anxiety disorder symptoms (e.g., r = 0.72 with
Beck Anxiety Inventory) [46-48]. The GAD-7-Adult and GAD-7-Child showed good to
excellent internal consistency at pre-intervention (educators: & = 0.91; students: a = 0.90)
and post-intervention (educators: a = 0.93; students: o = 0.81).

2.6.4. Patient Health Questionnaire—9 and Patient Health Questionnaire—A (PHQ-9 and
PHQ-A; [49,50])

The PHQ-9 and PHQ-A are 9-item measures assessing the frequency of depressive
symptoms in adults or youth. We asked educators and students how often they experi-
enced each problem over the past two weeks using a 4-point Likert-type scale consisting
of 0 (not at all), 1 (several days), 2 (more than half the days), and 3 (nearly every day).
We used the mean score across all items of the PHQ-9 and PHQ-A, with higher scores
indicating a greater frequency of depressive symptoms in the past two weeks for educators
or students, respectively. Research has shown that both the PHQ-9 and PHQ-A are reli-
able and valid measures of depressive severity, with good internal consistency estimates
(e.g., e = 0.89 for adults) and excellent sensitivity to distinguishing between individuals
with and without a depressive disorder [49,50]. The PHQ-9 and PHQ-A showed good to
excellent internal consistency at pre-intervention (educators: o« = 0.87; students: o« = 0.91)
and post-intervention (educators: « = 0.89; students: o = 0.91).

2.6.5. PTSD Checklist for DSM-5: Adult Version (PCL-5-Adults; [51])

The PCL-5-Adults is a 20-item self-report measure that assesses DSM-5 PTSD symptoms
in adults. One school district was not comfortable with their students completing an adolescent
version of the PCL-5, and thus the adolescent version was eliminated from the survey for
both school districts. We asked educators to rate how much each symptom bothered them
over the past month using a 5-point Likert-type scale consisting of 0 (not at all), 1 (a little bit),
2 (moderately, 3 (quite a bit), and 4 (extremely). We used the mean score across all items,
with higher scores indicating greater severity of PTSD symptoms in the past month for
educators. Previous research has shown the PCL-5 has excellent internal consistency (o« = 0.94)
and convergent validity with other established measures of PTSD symptoms and distress
(e.g., =074 and r = 0.85) [51]. The PCL-5 showed excellent internal consistency at pre-
intervention (educators: a = 0.95) and post-intervention (educators: « = 0.93).

2.6.6. Patient-Reported Outcomes Measurement Information System—Sleep Disturbance
Short Form for Adults and Children Ages 11-17 (PROMIS SD-SF—Adult/PROMIS
SD-SE—Child; [52])

The PROMIS SD-SF—Adult and PROMIS SD-SF—Child are identical 8-item measures
that assess sleep disturbances in adults or 11-17-year-old youth, including difficulties in
sleep onset, sleep quality, and sleep continuity. We asked educators and students to indicate
how much they had been bothered by symptoms of sleep disturbance over the past 7 days
on a 5-point scale consisting of 1 (not at all), 2 (a little bit), 3 (somewhat), 4 (quite a bit), and
5 (very much) for four items (e.g., “I had difficulty falling asleep”); how often symptoms
occurred on a 5-point scale consisting of 1 (never), 2 (rarely), 3 (sometimes), 4 (often), and 5
(always) for three items (e.g., “I had trouble sleeping”); and the quality of their sleep on
a 5-point scale consisting of 1 (very poor), 2 (poor), 3 (fair), 4 (good), and 5 (very good)
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for four items. For the items that were reverse-coded, we transformed the scale so that
the higher number corresponded to more sleep disturbance. We used mean scores across
all items, with higher scores indicating greater sleep disturbance in educators or students.
Two studies of the initial development and validation of the two PROMIS SD-SF short
forms with both adults and youth have shown excellent internal consistency estimates
(marginal proxy a < 0.90) and convergent validity with other established measures of
sleep problems (e.g., r = 0.83 with sleep quality in adults and r = 0.49 with sleep habit
survey in youth) [52]. The PROMIS SD-SF—Adult and PROMIS SD-SF—Child showed
excellent internal consistency at pre-intervention (educators: a = 0.96; students: a = 0.95)
and post-intervention (educators: a = 0.93; students: a = 0.96).

2.6.7. Connor—Davidson Resilience Scale (CD-RISC; [53])

The CD-RISC is a 25-item self-report measure that assesses an individual’s general
resilience. We asked educators and students to rate how often each statement on the
CD-RISC was true of them over the past month using a 5-point scale consisting of 0
(not true at all), 1 (rarely true), 2 (sometimes true), 3 (often true), and 4 (true nearly all
the time). We used the mean score across all items, with higher scores indicating greater
resilience in educators or students. Research has shown the CD-RISC to have good internal
consistency (a < 0.89) and convergent validity with measures of hardiness (r = 0.83) and
perceived stress vulnerability (r = —0.76) [53]. The CD-RISC showed good to excellent
internal consistency at pre-intervention (educators: a = 0.86; students: a = 0.90) and post-
intervention (educators: a = 0.88; students: a = 0.90).

2.6.8. Educator Career Satisfaction Professional Quality of Life Index (ProQOL; [54])

The ProQOL is a 30-item measure that assesses an individual’s career satisfaction and
professional burnout across three domains: compassion satisfaction (10 items), burnout
(10 items), and secondary traumatic stress (10 items). We asked educators how often
they experienced an item on a 5-point Likert-type scale consisting of 1 (never), 2 (rare),
3 (sometimes), 4 (often), and 5 (very often). We used the mean score for all items from
each domain, with higher scores indicating greater compassion satisfaction, burnout,
and secondary traumatic stress. Previous research has shown acceptable to good internal
consistency for each subscale (a = 0.88 for compassion satisfaction, a = 0.75 for burnout,
a = 0.81 for secondary traumatic stress) and construct validity, demonstrating that each
subscale is distinct [55]. The ProQOL showed excellent internal consistency for compression
satisfaction at pre-intervention (educators: a = 0.95) and post-intervention (educators: a
= 0.95), acceptable internal consistency for burnout at pre-intervention (educators: a =
0.86) and post-intervention (educators: a = 0.86), and acceptable internal consistency for
secondary traumatic stress at pre-intervention (educators: a = 0.81) and post-intervention
(educators: a = 0.78).

2.6.9. Educator Sense of Self-Efficacy—Short Form (TSSE-SF; [55])

The TSSE-SF is a 12-item measure that assesses educators” sense of self-efficacy and
agency in their careers across three domains of efficacy: student engagement, instructional
strategies, and classroom management. We asked educators to rate how much they could do
for each item (e.g., “How much can you do to motivate students who show low interest in
schoolwork?”; “How much can you do to control disruptive behavior in the classroom?”) on
a 9-point Likert scale, ranging from a 1 (not at all) to 9 (a great deal). We used the mean score
for all items, with higher scores indicating a greater sense of self-efficacy as an educator. Past
research has shown good to excellent internal consistency for each domain (Cronbach’s alpha
ranging from 0.81 to 0.91) and construct validity with items loading onto the three domains
of self-efficacy [56]. The TSSE-SF showed acceptable to good internal consistency for the
efficacy of student engagement at pre-intervention (educators: a = 0.82) and post-intervention
(educators: a = 0.78), good internal consistency for the efficacy of instructional strategies at
pre-intervention (educators: a = 0.81) and post-intervention (educators: a = 0.81), and good to
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excellent internal consistency for the efficacy of classroom management at pre-intervention
(educators: a = 0.88) and post-intervention (educators: a = 0.94).

2.7. Survey Data Analytic Plan

Analyses were performed using R Statistical Software (v4.3.3; [56]). Reliability and
validity measures were calculated using the psych R package (v2.4.3) [57]. Linear mixed
models were calculated using the Ime4 R package (v1.1.35.2) [58], Type IIl ANOVA tests
for linear mixed models were performed with the car R package (v3.1.2) [59], statistics and
model marginal mean effects were calculated and visualized using the ggeffects R package
(v1.5.1) [60], and assumptions were assessed by visual examination of the diagnostic plots
created by the performance R package (v0.12.3) [61].

All response variables were fit to a linear mixed model accounting for the random
effects from the repeated measurements on educators with the pre- and post-intervention
survey design. In initial models, we tested for an interaction between the ACE score, the
timing of the survey, and the gender of the educator. If there was little evidence for the
three-way interaction (p-values > 0.05), all two-way interactions were tested also accounting
for the age and number of sessions attended for each educator, adjusting for the random
effects from the repeated measurements design. The school district was not included as a
fixed effect as the educators received the material in the same way.

The response variables were created based on the design of the specific validated
survey instrument’s specifications with the exception of using the mean of the items instead
of the sum of the items. This helps ensure that the residuals from the model are normally
distributed and on the same scale as the survey items for the particular instrument. As all
survey items were forced responses, there should be no missing values.

2.7.1. Educator Survey Measures

The main effects of the adverse childhood experience (ACE) score; the timing of the
survey (pre- or post-intervention); gender; the number of sessions attended, age; and the
interaction between the ACE score, timing, and gender were included in the model as
fixed effects. Model reduction allowed all fixed effect terms to be removed from the model
(except for the timing of the survey) if there was little evidence that the term was important
to the model (p-value > 0.05).

2.7.2. Student Survey Measures

The main effects of students” ACE scores; timing of the survey (pre- or post-intervention);
gender; the number of sessions attended; age; school district; and up to and including the
four-way interaction between the ACE score, timing, gender, and district were included in
the model as fixed effects. Model reduction allowed all fixed effect terms to be removed from
the model except for the timing of the survey if there was little evidence that the term was
important to the model (p-value > 0.05).

As with the educator survey measures, all response variables were fit to a linear mixed
model accounting for the random effects from the repeated measurements on students
with the pre- and post-intervention survey design. In the initial models, we tested for an
interaction between the ACE score, timing of the survey, gender, and school district for
the students. If there was little evidence for the four-way interaction (p-values > 0.05), all
three-way interactions were tested, also accounting for the age and number of sessions
attended for each student, adjusting for the random effects from the repeated-measurement
design. Terms or interaction terms were removed one at a time until either only the timing
of the survey was left, or all terms (except for perhaps timing) had a p-value < 0.05.

Again, just as with the educators’ surveys, the response variables were created based
on the design of the specific validated survey instrument’s specifications with the exception
of using the mean of the items instead of the sum of the items; all survey items were a
forced response; therefore, there should be no missing values.
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2.8. Psychophysiological Measures and Data Analytic Plan
2.8.1. Heart Rate Variability

Resting heart rate patterns were collected in the classroom for students (3 min) and
educators (2 min) using photoplethysmography (PPG) sensors placed on the middle and
index fingers of their nondominant hand. PPG sensors transmitted signals wirelessly to
the Biopac MP-160 BioNomadix Wireless system (Biopac Systems Inc., Goleta, CA, USA) and
recorded digitally to the accompanying Acknowledge 5.0 software (Biopac, USA) on a Lenovo
ThinkPad Laptop, 11th Gen Intel ® Core™ i5-1135G7, 2.40 GHz, 8 GB RAM using a Windows 10
operating system. Data collection was performed in a classroom setting with five participants
sitting at desks facing away from other students and educators to reduce distraction. In addition,
all five participants wore protective earmuffs during data collection to minimize external noise.
PPG data were electronically stored on a password-protected laptop and transferred to an
encrypted server hosted by Montana State University (Microsoft OneDrive Business). All data
were de-identified before processing and statistical analysis.

Student and educator PPG inter-beat interval (IBI) data for pre- and post-intervention
sessions were processed using Mindware HRV Analysis 3.2 software (Mindware Technolo-
gies Inc., 2022, Gahanna, OH, USA) to derive the mean heart rate (HR), high-frequency
heart rate variability (HF-HRV), and root mean squared of successive differences (RMSSD).
An automatic artifact detection algorithm was used to detect potential artifacts in the
IBI data [62]. Flagged data were visually inspected for artifacts (e.g., identify missed or ex-
tra beats) and manually corrected. We created 60 s time series epochs from the artifact-free
IBIs across the resting baseline for students and educators using an interpolation algorithm,
linearly detrended to remove non-stationary data, and used a Hamming window [63].
We then subjected each 60 s epoch to a power spectral analysis using a fast Fourier trans-
form to produce absolute power (or variance) distribution for the HF-HRV band within that
epoch. We used age-adjusted high-frequency bands as outlined in Shader et al. [64], where
the lower bound value ranged from 0.15 [age 17] to 0.20 [age 14], and the upper bound value
was set at 0.50 for all ages. HF-HRV values for each epoch were natural-log-transformed
(In) due to severe positive skew. The mean HR, HF-HRV, and RMSSD from each 60 s epoch
were averaged across the resting baseline to derive a single mean HR, HE-HRV, and RMSSD
value for the student and educator resting baseline at pre- and post-intervention. We
conducted three paired-sample t-tests to evaluate the pre- to post-intervention change in
mean HR, HF-HRV, and RMSSD for both students and educators.

Finally, while all students provided HRV data, not all educators were able to do so.
As mentioned in the study context section of this manuscript, weather often creates a
significant barrier to access in rural Montana; the day the research team was to gather HRV
data from educators in the remote location, a blizzard hit, so the research team had to leave
the study site early to return home safely. Therefore, our HRV data for educators only
represent educators from the larger school district (where the weather did not create an
interruption in data collection).

2.8.2. Cortisol

Study participants were given salivary cortisol testing at baseline (beginning of week
1, prior to the intervention beginning) and at the intervention’s conclusion (following the
final session at the end of week 6). To address the variability of cortisol levels throughout
the day, collection times were kept consistent between both high school groups and the
educator group. Salivary cortisol was collected on-site during the physical health periods
of the high school students (roughly the same time mid-morning across both districts) and
in the afternoons for educators (also around the same time in mid/late afternoon).

Participants provided a saliva sample to PI, which was de-identified (using a code
key system) before analysis by the Center for American Indian and Rural Health Equity’s
Translational Biomarkers Core Lab at Montana State University. Testing used the Abcam
(ab154996) cortisol in vitro competitive ELISA (enzyme-linked immunosorbent assay) kit
designed for accurate quantitative measurement of cortisol in saliva (sensitivity 0.12 ng/mL).



Educ. Sci. 2024, 14, 1394

11 0f 26

De-identified cortisol data were returned to the PI for re-identification using the code key, and
comparisons using paired t-tests assessed trends to determine intervention impacts. These
paired-sample t-tests assessed differences in means at time 3 vs. time 1, overall and by gender.
The mean accuracy of salivary cortisol testing utilizing these assays is greater than 90%.

2.9. Qualitative Feedback

All participants were asked to provide feedback to open-ended questions at the
conclusion of the intervention. The questions were asked at the end of the survey. Sam-
ple questions included “How did the yoga classes make you feel emotionally and mentally
(feelings, stress, anxiety, etc.)?”, “How did the yoga classes make you feel physically
(in your body)?”, and “Did yoga help you cope with the stress caused by COVID-19 or
other life circumstances? If so, how?” Although we did not conduct a formal qualitative
analysis of the open-ended responses, sample participant responses are shared to provide
insights that would not be otherwise captured by our survey data.

3. Results
3.1. Survey Measures
3.1.1. Students

Broadly, there were many positive changes in mental health measures for students
across both districts, regardless of the intervention modality. Descriptive statistics across
both districts indicated improvement across most survey measures; average depression
(PHQ-A) scores were reduced by a mean of 2.8 points, anxiety (GAD-7) scores were reduced
by a mean of 1.5 points, and sleep disturbances (PROMIS) were reduced by a mean of
0.433 points. However, resilience (CD-RISC) scores increased by an average of 0.4 points
across both districts. The only survey measure that showed evidence of a difference in
mean values for pre-intervention scores as well as post-intervention scores was the PHQ-A
(see Table 1). A linear model testing for differences between mean scores between districts,
assuming equal variances showed very strong evidence of a difference between districts
for the pre-intervention scores (f-value = —2.844, df = 39, p-value = 0.007), and strong
evidence of a difference in mean scores between districts for the post-intervention scores
(t-value = —2.121, df = 39, p-value = 0.0413).

Table 1. Initial paired {-test results for student surveys.

Post-Intervention Pre-Intervention
L S L
Mean SD Mean SD Mean SD Mean SD
CD-RISC 25.56 7.76 27.33 6.06 26.64 8.17 25.68 6.52
GAD-7 8.22 4.57 6.06 5.02 9.45 5.62 7.84 5.36
PHQ-9 8.67 * 5.86 492* 4.69 11.84 ** 7.02 6.47 ** 4.60
PROMIS 20.32 12.07 17.63 9.05 25.73 9.05 23.11 8.14

Note: * p <0.05, ** p < 0.01; paired t-test results assuming equal variances between groups for the difference in
means test between districts within an intervention time period, i.e., comparing only pre-intervention scores
between districts.

Statistical analyses accounting for the repeated measurements before and after the
intervention and including interactions between gender and adverse childhood experience
(ACE) scores, for each of these measures, are described in detail below. Student age was
important only for the PROMIS model, and the number of intervention sessions they
attended did not statistically significantly impact any of the scores for students and was
therefore not included in any of the final models. Model assumptions were assessed
by a visual examination of the diagnostic plots [Supplementary Materials]. There was
little evidence against the linearity, constant variance, influential observations, normality
of residuals, and normality of random effects for all of the following models, with the
exception of the PROMIS scale. Here, there was some evidence against the normality of
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residual assumption, with a few residuals with extreme values; however, these observations
were not influential to the model.

3.1.2. Depression: PHQ-A

The final model for PHQ-A included a three-way interaction between students’ ACE
scores, their district, and gender (t-value = 2.274, df = 32.58, p-value = 0.0297), and all
nested two-way and main effects for ACE, district, and gender, as well as the timing of the
survey (pre- or post-intervention) (t-value = —2.968, df = 37.43, p-value = 0.0052). It also
included the repeated measures for students” random effect. The results indicated that
for an increase of 1 point in ACE scores, females in the less rural (in-person intervention)
school district (who received the in-person intervention), on average, had an increase
of 0.069 points on the Likert scale in their PHQ-A score. Males in the same district had
an increased depression score of 0.025 points, on average, as their ACE score increased.
Similarly, for an increase of 1 point in the ACE scale, females from the very rural, remote
district (virtual intervention), on average, had an increase of 0.047 points in the PHQ-A
scale, and males had an increase of 0.254 points. Thus, male students from the very rural,
remote (virtual intervention) school district showed the highest increase in PHQ-A scores,
on average, after accounting for the other variables in the model, and females from the less
rural school district (in-person intervention) had the smallest increase in PHQ-A scores.

3.1.3. Anxiety: GAD-7

For the GAD-7 instrument, the final model included the two-way interaction be-
tween students” ACE scores and the timing of the survey (pre- or post-intervention)
(t-value = —2.118, df = 33.47, p-value = 0.0417) and their main effect terms, gender as
a fixed effect (t-value = 2.882, df = 34.83, p-value = 0.0067), and the repeated measures
for students” random effect. Findings showed that as students” ACE scores increased
by 1, on average, their anxiety scores decreased by 0.086 in the post-intervention survey.
Additionally, females had a higher GAD-7 score before the intervention as compared to
males, but there was no evidence that the intervention resulted in different changes in
GAD-7 scores for males and females in post-surveys. Neither the number of sessions
attended nor the school district had any impact on the scores for this instrument.

The GAD-7 scores were 0.62 points lower in the post-intervention survey compared to
the pre-intervention survey for those students with an ACE score of 9, and for students
with an ACE score of 1, the GAD-7 scores were 0.072 points higher in the post-intervention
survey. For an ACE score of 9, the estimated values were ﬁ = —0.62, se = 0.216, df = 35,
t-value = —2.873, and p-value = 0.0069; for an ACE score of 1, they were ﬁ =0.072, se = 0.185,
df = 36, t-value = 0.39, and p-value = 0.6986.

3.1.4. Sleep Quality: PROMIS

In terms of sleep quality, the intervention had an impact on the scores for the PROMIS
sleep disturbance scale (t-value = —3.188, df = 36.5, p-value = 0.0029). The final model for
the PROMIS sleep disturbance scale included the timing of the survey, the age of the student,
the two-way interaction between the ACE score and district, and the repeated measures for
random effects. For an increase of 1 point in adverse childhood events, students from the
larger district, on average, had an increase of 0.01 points on the PROMIS sleep disturbance
scale, whereas students from the very rural (virtual intervention) district, on average,
had an increase of 0.252 points for the PROMIS sleep disturbance scale. Therefore, students
from the more rural district showed the highest increase in PROMIS sleep disturbance
scores, on average, indicating more sleep difficulties; after accounting for the other variables
in the model, students from the larger, less rural district (in-person intervention) had the
lowest increase in those scores. Regardless of district, on average, students showed a
decrease in PROMIS scores in the post-intervention survey, after adjusting for their age,
ACE score, district, and the interaction between ACE score and district, which indicates an
improvement in sleep quality.
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3.1.5. Resilience: CD-RISC

This intervention also had no statistically significant impact on scores for the CD-
RISC (t-value = 0.571, df = 35.37, p-value = 0.57191) after accounting for the other terms
in the model. The final model for CD-RISC included a two-way interaction between stu-
dents” ACE scores and gender. The gender of the student (t-value = 2.457, df = 35.43,
p-value = 0.01904) and their main effect terms, the timing of the survey (pre- or post-
interaction) as a fixed effect, and the repeated measures for students’ random effect
were considered. As students” ACE scores increased by 1, on average, their CD-RISC
scores increased by 0.0189 for females (B = 0.189, se = 0.08) and decreased by 0.145 for
males (B = —0.145, se = 0.06) from pre- to post-intervention. This indicates that for females,
for each additional point on the ACE scale, resilience scores increased, whereas for males,
their resilience decreased as their ACE scores increased. Table 2 includes the results from
the final models for the scales, indicating significant interactions found between pre- and
post-intervention measures.

Table 2. Final linear mixed model results for student surveys.

CDRISC GAD-7 PHQ-9 PROMIS
Intercept 3.386 *** (0.268) 0.335 * (0.188) —0.076 (0.321) —3.180 (2.600)
ACE Score (Baseline) —0.145 * (0.060) 0.152 *** (0.036) 0.253 *** (0.065) 0.253 ** (0.077)
Time (Pre/Post) 0.041 (0.071) 0.159 (0.218) —0.306 ** (0.103) —0.433 ** (0.136)
Gender (Female) ~1.226 ** (0.391) 0.475 ** (0.165) 1.370 ** (0.440)
Baseline ACE Score * Gender (Female)  0.189 * (0.077) —0.207 * (0.082)
Baseline ACE score * Time (Pre/Post) —0.086 * (0.041)
School District (Larger) 0.596 (0.394) 0.793 (0.540)
Baseline ACE Score * School (Larger) —0.229 * (0.088) —0.243 * (0.101)
School (Larger) * Gender (Female) —1.241 * (0.562)

Baseline ACE Score * School (Larger) *

Gender (Female)
Student Age

0.251 * (0.110)
0.330 * (0.157)

Note: * p <0.1, * p < 0.05, * p < 0.01, *** p < 0.001; only terms found in at least one of the final models for the
CD-RISC, GAD-7, PHQ-9, and PROMIS SD instruments are included in the table. Values are coefficient estimates
with standard errors in parentheses.

3.1.6. Educators

The intervention resulted in changes in the scores (pre- to post-intervention) of all mental
health survey measures for educators, including the CD-RISC, GAD-7, PCL-5, PHQ-9, and
Professional Quality of Life (ProQOL) secondary traumatic stress scales. Descriptive statistics
indicated overall very positive outcomes. Average depression (PHQ-9) scores were reduced by
2.5 points, anxiety (GAD-7) scores were reduced by 2.4 points, and trauma symptoms (PCL-5)
were reduced by 7.7 points. Sleep disturbances (PROMIS) were also reduced by 0.5 points,
indicating an improvement, and contrary to the student groups, average educator resilience
(CD-RISC) scores increased by 0.6 points.

In terms of career satisfaction measures, descriptive results were mixed. Overall, educa-
tors reported reduced self-efficacy by 1.3 points, and mixed improvements were observed
in the subscales of the Educator Sense of Self-Efficacy (TSSE) instrument; student engage-
ment scores decreased by 0.9 points, instruction strategies increased by 0.1 points, and class-
room management was reduced by 0.5 points. Lastly, the Professional Quality of Life Index
(ProQOL) exhibited mixed improvements in the subscales; while compassion satisfaction
was reduced by 0.7 points, on the positive end, burnout was reduced by 0.6 points, and
compassion fatigue was reduced by 3 points.

Statistical analyses, including interactions between the number of sessions attended,
gender, and adverse childhood experience (ACE) scores, for each of these measures, are
described in detail below. Model assumptions were assessed by visual examination of the
diagnostic plots. There was little evidence against the linearity, constant variance, influential
observations, normality of residuals, and normality of random effects for all of the models,
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with the exception of the PCL-5 scale and the professional “burnout” subscale. Here, there
was some evidence against the normality of residual assumption, with a few residuals with
extreme values; however, these observations were not influential to their respective models.

3.1.7. Depression: PHQ-9

The final model for the PHQ-9 included a two-way interaction between the timing of
the survey (pre- or post-intervention), gender (f-value = —2.219, df = 44.10, p-value = 0.0317),
number of sessions attended as a fixed effect (f-value = —2.7, df = 44.23, p-value = 0.0098),
and the repeated measures for educators’ random effect. For the pre-intervention surveys,
females self-reported higher PHQ-9 scores than males, on average, but they reported a mean
of 0.559 points lower on the average PHQ-9 scores for the post-intervention survey. Male
participants, however, showed a small increase in the PHQ-9 scores in the post-intervention
survey compared to the pre-intervention survey, but it is possible that this increase is
due to random chance, as the timing variable by itself was not important to the model
(t-value = 0.973, df = 44.81, p-value = 0.3360). The number of sessions attended was also
important to the model, and with a negative coefficient, this indicated that as the number of
sessions attended by adult participants increased by 1, on average, PHQ-9 scores decreased
by 0.058 (after accounting for the other fixed effects and random effects in the model).

3.1.8. Anxiety: GAD-7

For the GAD-7 survey instrument, the final model only contained the time variable, and
this variable did have a significant p-value (t-value = —3.462, df = 37.37, p-value = 0.0014), in-
dicating that there was evidence of a difference in GAD-7 scores between the pre-intervention
and the post-intervention surveys, after accounting for the repeated measurements of the
educators. As the coefficient of the survey’s timing was negative, this indicated that, on
average, the GAD-7 score was 0.3529 points lower in the post-intervention survey than in the
pre-intervention survey. Variables of participant age, gender, the ACE score, and the number
of sessions attended did not impact the model.

3.1.9. Sleep Quality: PROMIS

The final model for the PROMIS sleep disturbance scale included the ACE score, the
timing of the survey, the number of sessions attended, and the repeated measures for
random effects. There was very strong evidence that the timing of the survey resulted in a
change in scores from the pre- to post-intervention surveys, indicating an improvement
in sleep quality (B = —0.469, se = 0.125, t-value = —3.75, df = 39.99, p-value = 0.0006).
The educators” ACE scores did impact the effectiveness of the intervention. As the ACE
score increased by 1, on average, the PROMIS sleep disturbance score increased by 0.123,
after accounting for the other variables, regardless of the timing of the survey and the
number of sessions attended, which indicates decreased sleep quality for these participants
(ﬁ =0.123, se = 0.055, t-value = 2.236, df = 41.7, p-value = 0.0308). Lastly, when more sessions
were attended, a greater decrease was observed in the average PROMIS sleep disturbance
scores, which is indicative of improved sleep quality. For each additional session attended,
on average, the PROMIS scores decreased by 0.0797, after accounting for the ACE score,
the timing of the survey, and the random effects ( B = —0.0797, se = 0.038, t-value = —2.069,
df = 45.9, p-value = 0.0442).

3.1.10. Resilience: CD-RISC

The final model for CD-RISC included a two-way interaction between the partici-
pants” ACE score and the timing of the survey (pre- or post-intervention) (-value = —2.809,
df = 38.89, p-value = 0.0077), their main effect terms, gender as a fixed effect (t-value = —2.488,
df = 45.74, p-value = 0.0166), and the repeated measures for educators’ random effect. As the
participants” ACE score increased by 1, on average, the CD-RISC score decreased by 0.082 on
the post-intervention survey compared to the pre-intervention survey. This is indicative
that the intervention resulted in a greater decrease in resilience scores for those who had
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higher ACE scores. Additionally, females had a lower CD-RISC score to begin with compared
to males, but there was no evidence that the intervention resulted in different changes in
CD-RISC scores for males and females. The number of sessions attended also did not seem to
make a difference in scores for this instrument.

3.1.11. Trauma Symptoms: PCL-5

As with the GAD-7 survey instrument, the final model for PCL-5 also just contained
the timing of the survey as a variable, along with the repeated measures for random
effect with a small p-value (t-value = —4.346, df = 38.68, p-value < 0.0001); this similarly
indicates that there was evidence of a difference in PCL-5 scores after the intervention
when compared to the pre-intervention scores. On average, the PCL-5 scores were between
“not at all” and “a little bit” on the pre-intervention survey, but there was still an important
reduction in the scores on the post-intervention survey regardless of age, gender, ACE score,
and number of sessions attended.

3.1.12. Professional Quality of Life Index: ProQOL

For the Professional Quality of Life survey instrument, there were three subscales;
these subscales were analyzed separately. They included compassion satisfaction, burnout,
and secondary traumatic stress.

For compassion satisfaction, the final model included participants” ACE score, the
timing of the survey, and the number of sessions attended, as well as the repeated measures
for random effects. There was little evidence that the intervention changed the scores for
this subscale (ﬁ = —0.101, t-value = —1.126, df = 36.88, p-value = 0.2673), but there was a
slight decrease in scores from the pre- to post-intervention surveys.

The educators” ACE score did impact the effectiveness of the intervention, however;
as ACE scores increased by one, on average, the compassion satisfaction score increased
by 0.111, after accounting for the other variables, regardless of age and gender (B = 0.111,
t-value = 2.689, df = 38.75, p-value = 0.011).

Lastly, the number of sessions attended also had a positive impact on the compassion
satisfaction scores. For each additional session attended, on average, compassion satisfac-
tion scores increased by 0.078, after accounting for the ACE score, the timing of the survey,
and the random effects (ﬁ = 0.078, t-value = 2.706, df = 42.7, p-value = 0.0098).

On the professional “burnout” subscale, none of the variables measured seemed to
explain the average score for these items. In particular, the timing variable was not important
to the model (B = —0.057, t-value = —1.398, df = 39.09, p-value = 0.17), although it was negative,
indicating a slight decrease from pre- to post-intervention scores (after accounting for the
repeated measurements for each educator). The educators’ scores remained consistent on
the pre- and post-intervention surveys, there was less variability in responses for a particular
educator (SD = 0.18) compared to between educators (SD = 0.32).

Lastly, for compassion fatigue (also sometimes referred to as secondary traumatic stress),
there was a significant decrease in the scores of the post-intervention survey compared to
the pre-intervention survey, after accounting for the repeated measurements for educators
(B = —0.289, t-value = —4.291, df = 39.29, p-value = 0.0001). This decrease in scores did not
depend on the educators” age, gender, number of sessions attended, or ACE score.

3.1.13. Educator Sense of Self-Efficacy (Short Form): TSSE

For the educators” sense of self-efficacy survey instrument, there were also three
subscales, which were analyzed separately. These subscales included feelings of self-efficacy
in student engagement, instructional strategies, and classroom management. For all three
subscales, the intervention did not seem to impact the educators’ sense of self-efficacy,
but participants” ACE scores did impact the scores, on average, for student engagement
and classroom management.

For student engagement, on average, there was no difference between scores from
the pre- to post-intervention survey, after accounting for the educator’s ACE score and the
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repeated measurements (t-value = —1.258, df = 38.73, p-value = 0.2159). However, as ACE
scores increased, the educators’ sense of self-efficacy in student engagement scores also
increased (t-value = 2.184, df = 41.07, p-value = 0.0348). This indicates that the higher the
self-reported adverse childhood experience score of an educator, the more likely they are
to feel a sense of self-efficacy in student engagement, regardless of age, gender, and the
number of sessions attended.

On the “efficacy in instructional strategies” subscale, none of the variables measured
seemed to explain the average score for these items; in particular, the timing variable was not
important to the model (t-value = —0.033, df = 40.34, p-value = 0.974), although it was negative,
indicating a very slight decrease from pre- to post-intervention scores (after accounting for
the repeated measurements for each educator). The educators’ scores remained consistent
on the pre- and post-intervention surveys, and there was less variability in responses for a
particular educator (SD = 0.63) compared to between educators (SD = 0.85). Thus, because
many educators rated their scores near “quite a bit” on the Likert scale of this instrument,
the intervention did not impact the educators’ sense of self-efficacy in instructional strategies,
regardless of their age, gender, or the number of intervention sessions they attended.

Finally, for classroom management, there was also no difference between scores from
the pre- to post-intervention surveys, after accounting for the educators” ACE score and the
repeated measurements (t-value = —1.059, df = 39.98, p-value = 0.296). However, just as
other measures have shown, as participants” ACE scores increased, on average, the educa-
tors” sense of self-efficacy in classroom management score also increased (t-value = 2.085,
df = 43.05, p-value = 0.043). This illustrates that, as an educator’s ACE score increases, they
are more likely to feel a sense of self-efficacy in classroom management, regardless of age,
gender, or the number of intervention sessions they attended.

Tables 3 and 4 include the results from the final models for all scales below, indicating
significant interactions found between pre- and post-intervention measures.

Table 3. Final linear mixed model results for the educator mental health surveys.

CDRISC GAD7 PCL5 PHQ9 PROMIS
Intercept 3119 *** (0.186)  1.130*** (0.105)  0.977 ***(0.088)  0.928 *** (0.243)  3.355***(0.393)
ACE Score (Baseline) 0.049 (0.034) 0.123 * (0.055)
Time (Pre/Post) 0.327* (0.109)  —0.353**(0.102) —0.367 *** (0.084) 0.234 (0.241) —0.469 *** (0.125)
Gender (Female) —0.461 * (0.185) 0.415 * (0.201)
ACE Score x -
Post-Intervention —0.082 (0.029)
Number of Sessions Attended —0.058**(0.022)  —0.080 * (0.038)
Gender (Female) x 0,559 % (0.252)

Post-Intervention

Note: * p < 0.05, ** p < 0.01, ** p < 0.001; only terms found in at least one of the final models for the CD-RISC,
GAD-7, PCL-5, PHQ-9, and PROMIS SD instruments are included in the table. Values are coefficient estimates
with standard errors in parentheses.

Table 4. Final linear mixed model results for educator career satisfaction surveys.

ProQOL CS ProQOL B ProQOLSTS  SESSE SESIS SES CM
Intercept 2.782 *+ 3.553 ** 2.484 ** 6.015 *** 7.119 *+ 6.631 ***
(0.293) (0.101) (0.078) (0.291) (0.159) (0.295)
ACE Score (Baseline) ~ 0.111 ** —0.017 0.164 * 0.162*
(0.041) (0.027) (0.075) (0.078)
Time (Pre/Post) —0.101 —0.057 —0.289 * —0218 —0.005 —0.140
(0.089) (0.041) (0.067) (0.173) (0.142) (0.132)

Note: *p <0.05, ** p < 0.01, ** p < 0.001; only terms found in at least one of the final models for the ProQOL and
educators” sense of self-efficacy instruments are included in the table. Coefficients are on the first line; standard
errors are in parentheses.
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3.2. Psychophysiological Outcomes: Heart Rate Variability (HRV)
3.2.1. Preliminary Examination of the Data

Preliminary analysis of student data (n = 39) indicated that 4 students were missing
data at pre-intervention and 7 students were missing data at post-intervention resulting
in a final sample of n = 32 students with complete pre- and post-intervention data. More-
over, there was one student whose RMSSD value at pre-intervention was greater than
3.29 standard deviations above the mean. We excluded this data point from further analy-
sis and used pairwise analysis for all paired-sample t-tests. See Table 5 for means for HR,
HE-HRYV, and RMSSD across pre- and post-intervention sessions.

Table 5. Mean heart rate, HF-HRV, and RMSSD across pre- and post-intervention sessions.

Pre-Intervention Post-Intervention

Student Data

Mean Heart Rate 71.65 (12.06) 71.17 (10.46)

HF-HRV 6.74 (1.09) 6.85 (0.97)

RMSSD 63.86 (39.87) 64.82 (32.42)
Educator Data

Mean Heart Rate 68.46 (10.99) 70.87 (12.41)

HF-HRV 6.05 (1.37) 6.00 (1.37)

RMSSD 40.88 (25.86) 43.04 (45.78)

Note: HE-HRV = high frequency—heart rate variability; RMSSD = root mean squared of successive differences.
Missing data for the student sample resulted in n = 35 for pre-intervention and n = 32 for post-intervention;
missing data for the educator sample resulted in n = 33 for pre-intervention and n = 29 for post-intervention.
Mean values are followed by SD in parentheses.

Preliminary analysis of educator data (n = 34) indicated that 1 educator was missing
data at pre-intervention and 5 educators were missing data at post-intervention, result-
ing in a final sample of n = 29 educators with complete pre- and post-intervention data.
Moreover, there was one educator whose RMSSD value at post-intervention was greater
than 3.29 standard deviations above the mean. We excluded this data point from further
analysis and used pairwise analysis for all paired-sample t-tests.

3.2.2. Student Pre- to Post-Intervention Analysis

We conducted a one-tailed, paired-sample t-test for each student’s dependent variables
(mean HR, HF-HRV, and RMSSD) with intervention time points (pre- and post-intervention) as
independent variables. The results showed no significant change in mean HR (t-value = —0.82,
df = 27, p-value = 0.21), HF-HRV (t-value = 0.91, df = 27, p-value = 0.19), and RMSSD
(t-value = 1.23, df = 26, p-value = 0.12) from pre- to post-intervention.

3.2.3. Educator Pre- to Post-Intervention Analysis

Just as with students, again, we conducted a one-tailed, paired-sample {-test for
each educator’s dependent variables (mean HR, HF-HRYV, and RMSSD) with intervention
time points (pre- and post-intervention) as independent variables. The results showed
no significant change in the mean HR (t-value = —1.45, df = 27, p-value = 0.08), HF-HRV
(t-value = —0.45, df = 27, p-value = 0.33), and RMSSD (t-value = 1.01, df = 26, p-value = 0.16)
from pre- to post-intervention.

3.2.4. Psychophysiological Outcomes: Cortisol Levels

Cortisol levels were compared across all three experimental groups; broadly, the
delivery modality seemed to play a critical role in improving cortisol levels. The only
group that had a significant reduction in cortisol post-intervention was the student group
(in the larger school district) who received the intervention in person. When controlling
for baseline cortisol levels, this group (group L, to indicate the larger district), had a
0.19 ug/dL reduction in cortisol, on average, at post-intervention (p-value = 0.03). No pre—
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post differences in cortisol levels were observed in either of the virtual yoga intervention
groups (students or adults). However, educators (group T) who received the virtual yoga
intervention had significantly lower cortisol levels post-intervention compared to students
who received the virtual yoga intervention (group S, to indicate the smaller school district)
when controlling for baseline cortisol levels.

No dose-response association was observed between the number of yoga sessions
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3.2.5. Student and Educator Qualitative Feedback

Broadly, students shared mixed reactions (positive and negative) to their yoga classes,
regardless of the delivery modality. Some positive sample responses included the following:
- “It lowered my stress a lot and made me feel very relaxed”.
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- “It was good to be able to focus on myself and how I was feeling at the time,
sometimes life is so busy you do not get a chance to process things and so it gave me time
to process”.

Sample negative responses included the following:

- Student looked forward to “NOT doing yoga in the future” (emphasis added by student).

- Others noted that the yoga classes made them feel “sore” and “stressed”.

These mixed reactions mirror those of students in previous iterations of this study [38-43].
This intervention tends to polarize students in that they either enthusiastically support the
intervention, or they clearly do not enjoy the sessions. Therefore, just as choice is critical
in meeting student learning needs, the implications for school-based student mental health
interventions seem to highlight the importance of choice. Research indicates that while some
mental health interventions are incredibly helpful to some, they are not beneficial for others [8],
so our conclusions from this study mirror these findings: while the results from this study
are very positive, participant preference and enjoyment must be considered in school-based
mental health programming for adolescents [37-42].

Unlike both student groups, educator responses to the open-response surveys given
were overwhelmingly positive. Sample responses included the following;:

- “I am appreciative that someone is attempting to do anything to make life better for
an educator”.

- “I think doing yoga definitely helps me to be more patient at school especially when
hard situations arise. I notice that I also feel more awake and ready for the day after doing
yoga in the morning”.

- “... my general calm mood in response to students’ chaos helped me feel calmer and
more relaxed. I also found myself teaching my students a lot of the moves that I learned
that morning as a brain break”.

The very positive feedback provided by educator participants echoes that of previous
research iterations [34], which indicates that this intervention may be more readily accepted
by adults than student participants.

4. Discussion

The current study makes an incremental contribution to understanding the effec-
tiveness of implementing trauma-informed yoga interventions in rural communities and
schools in several ways. First, the results show mixed support for the potential impact
the intervention may have on physical (cortisol and heart rate variability) and mental
health (depression, anxiety, resilience, and sleep) for youth and educators. Second, inter-
vention effectiveness may depend on whether it is provided remotely versus in-person.
Third, findings suggested that the interactive nature of adverse childhood experiences, gen-
der, and intervention participation may play a significant role in mental health outcomes
improvement following the intervention. Finally, the intervention may have different
benefits (or lack thereof) for youth and educators that will need to be further explored in
future research. We delineate the findings in the context of past theory and research and
their implications for practice separately for youth and educators in the next sections.

4.1. Student Discussion and Implications

In examining the mental health outcomes for students, multiple interactions were
found, including students” ACE scores, gender, time, and the number of sessions attended
(depending on the measure). There were multiple statistically significant findings across
both groups, as outlined above. These findings suggest that there were multiple potential
factors that influenced how the students responded to the intervention. In particular,
students with higher ACE scores responded differently to the intervention than those with
lower ACE scores. For some survey measures, in addition to ACE scores, male and female
students or students from different districts had different changes in the mean survey
measure. So, while it is typically the case that the intervention was most impactful for rural,
female students with high ACE scores, this was not consistent across all outcomes (anxiety,
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depression, and sleep). While differences were found among the student population
for resilience, no difference was found due to the intervention after accounting for the
characteristics of the students involved in the intervention.

In terms of physical health outcomes, students in the less rural school district, who
received the in-person yoga sessions, had much lower cortisol levels than students who
received the remotely delivered yoga. However, students in the more remote school district
who had higher ACE scores did have lower cortisol at post-intervention. Additionally,
students in the remote district, who received the remotely delivered yoga, had better
mental health outcomes reported on surveys than students who received in-person yoga.
Neither group (in-person or remotely delivered yoga) showed any significant changes in
their heart rate variability measures. Self-reported sleep quality also improved across both
districts, but the larger district (in-person delivery) reported far greater improvements in
sleep quality. This may suggest that an in-person yoga intervention has more physical
health benefits in terms of stress levels than a remotely delivered intervention, but perhaps
a remotely delivered intervention may have a greater impact on mental health. However,
concrete conclusions cannot be drawn from these data, as we did not randomly assign
students to an intervention modality; further, in-person delivery may encourage students
to engage more fully in the sessions than a remotely delivered intervention.

These findings mirror those of previous iterations of our study [37-42], which also
had similar outcomes; a dose-response relationship appears to be indicated in terms of the
number of sessions being correlated to a greater improvement in mental health outcomes.
Additionally, females tended to have better outcomes than males, and students with higher
ACE scores received better mental health benefits from the intervention than those with
lower ACE scores [37-42]. However, it is still worth noting that this intervention did benefit
students regardless of whether they had a low or high ACE score. Finally, student resilience
outcomes continued to be mixed in this study, similar to our previous studies; in general,
improvements in resilience were reported, but males with higher ACE scores exhibited
decreased resilience. One potential explanation for this difference is that yoga increases
interoception and self-reflection [65]; therefore, it is possible that students may become
more self-aware of their own emotions and needs throughout this intervention, thus having
an impact on perceived resilience.

Overall, there were mixed findings in our student groups, depending on whether the
outcome was mental or physical health, as well as how the intervention was delivered. It is
clear that there were benefits for both intervention groups, but further research is needed to
explore why there was a difference between cortisol outcomes and mental health measures
between the two groups. What stands out in this study, as well as in our previous studies, is
the continued correlation between improved outcomes for students with high ACE scores
as compared with students with lower ACE scores; this indicates that this trauma-informed
intervention holds promise for mitigating childhood trauma among rural adolescents.
Our research also supports the existing literature indicating mental and physical health
outcomes using a yoga intervention for youth [8,24-26].

4.2. Educator Discussion and Implications

The findings showed there were no intervention effects on physical health outcomes
for educators in terms of cortisol levels or heart rate variability. It is worth noting, however,
that many of the educators self-reported illness at the post-intervention cortisol collection,
so this may have impacted their cortisol levels. In comparison with our cortisol findings
for students, some research indicates that a lack of improved cortisol may be a normal
finding for adults [65-70], as noted by Galvan who asserted that “previous work has shown
that, under identical stress conditions, teens show greater cortisol release than adults” [71].
Regarding heart rate variability, one potential explanation for this finding is that resting
heart rate variability may be more entrained and difficult to change in such a short period of
time. Past studies that showed significant effects were given at longer in-session durations
(e.g., 60-90 min), greater frequency (5 days a week), and for longer intervention durations
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(10 weeks to 6 months); that is, it may take more practice or consistency in practice to
change biologically based parasympathetic functioning [72-74]. Future research should
explore trauma-informed interventions for longer durations and at greater frequency.

Similar to the mental health outcome findings with students, intervention effects may
depend on the educators” ACEs, gender, time, and the number of sessions attended. As
outlined above, the results demonstrated mental health improvements across all genders.
Further, just as with students, females showed greater improvements than males, and there
appeared to be a correlation between greater improvements in mental health outcomes
and higher participant ACE scores, again highlighting the potential of this intervention for
mitigating childhood trauma, regardless of the age of the participant.

However, the effect of the intervention on career satisfaction seemed to differ de-
pending on the domain, which also echoes our previous study with educators [42]. While
burnout levels and compassion satisfaction generally improved, compassion fatigue scores
declined; teachers also reported varying levels of self-efficacy in their classrooms post-
intervention when compared with pre-intervention scores. Again, similar to student find-
ings, participant ACEs seem to have an impact on these outcomes. These findings should
be interpreted with caution, however, as there are many external variables that can impact
a teacher’s career satisfaction on a daily basis; examples may include but are not limited
to challenges with student behaviors, educator illness (which was self-reported by many
teachers during the post-survey cortisol collection), or pressure from administration [75,76].
While additional study is needed to determine why there were mixed outcomes of career
satisfaction measures amongst teachers, it is abundantly clear through this study and
our previous study that educator wellness initiatives are critical for supporting educator
well-being and career burnout levels [75,76].

4.3. Study Limitations

While there were many positive outcomes discovered with this intervention, it is
important to note the limitations of this study. Given our very rural context, our sample
was quite limited; additionally, while ethnic data were not formally collected as part of
this experiment, our sample was quite homogenous. Thus, these findings cannot indicate
generalizability to a larger and/or more diverse sample. Further, as stated earlier, a blizzard
impeded the team’s ability to collect the heart rate variability data at the most remote
school location, so these data were missing from our adult sample. Finally, at the time of
our baseline data collection for the geographically isolated school, we discovered that a
group of our student participants were also concurrently enrolled in another mental health
intervention. Therefore, it is difficult to ascertain whether any mental health improvements
in these students resulted from our intervention, the other intervention, or a combination
of the two programs.

4.4. Recommendations for Future Research

While this study and the arc of the findings from previous iterations of this study [37-42]
are very exciting and indicate tremendous potential for its use to benefit the mental and
physical health of both students and educators, our population was very limited in terms
of both diversity and sample size. The demographics of rural Montana, along with the
nature of research in remote settings, provided unique challenges in both data collection as
well as a more representative participant group. Therefore, the logical progression of this
research would be to hold this study in a larger school district with an appropriate sample
size for increased statistical power. However, one must not overlook the distinct needs and
the contextual importance of working with rural schools in America, so findings from a
more urban setting (for example) should be translated to rural contexts with an abundance
of caution.

While the physical and mental health outcomes across all of our participant groups
were mixed, the general mental health improvements across all groups, particularly
amongst females and participants with the highest ACE scores, continue to contribute to
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the growing body of research for the promise of somatic interventions for mitigating
trauma [19,77]. As a burgeoning area of research, trauma-informed yoga continues
to exhibit its potential in improving the lives of traumatized individuals within many
different age ranges, and the positive outcomes in a remotely delivered intervention have
exciting implications for scalability and accessibility for those living in the most rural
areas (who would not have access to such mental health interventions otherwise) [20].

5. Conclusions

The COVID-19 pandemic was a collective trauma experienced by everyone, and its
impacts have been long-lasting; therefore, mental health and well-being must be addressed
as students and educators adapt to our “new normal”. As the importance of trauma-
informed, school-based interventions continues to gain momentum, it is important to
research and explore options that provide benefits in the educational setting. Specifically,
in rural communities, it is vitally important to continue exploring innovative, promising
practices to foster student success but, more importantly, to bolster their mental and
physical well-being.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/educscil4121394/s1.

Author Contributions: Conceptualization, L.D.; methodology, B.G.S. and G.M.L.; formal analysis,
B.G.S. and G.M.L.; investigation, L.D. and B.G.S.; resources, L.D., B.G.S.,, GM.L. and R.B.; data
curation, L.D. and B.G.S.; writing—original draft preparation, L.D., B.G.S., G.ML.L. and R.B.; writing—
review and editing, L.D., B.G.S.,, G.M.L. and R.B,; visualization, G.M.L.; supervision, L.D.; project
administration, L.D.; funding acquisition, L.D. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the National institutes of Health through the Center of Ameri-
can Indian and Rural Health Equity at Montana State University, award number [P20GM104417].

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Montana State University (protocol
code LDD071619, 16 ]u.ly 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Given that some of the study participants were minors, study data is
unavailable due to privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Centers for Disease Control and Prevention (CDC). 1991-2021 High School Youth Risk Behavior Survey Data. Available online:
http: / /yrbs-explorer.services.cdc.gov/ (accessed on 15 December 2023).

2. Racine, N.; McArthur, B.A.; Cooke, ].E.; Eirich, R.; Zhu, ].; Madigan, S. Global prevalence of depressive and anxiety symptoms in
children and adolescents during COVID-19: A meta-analysis. JAMA Pediatr. 2021, 175, 1142-1150. [CrossRef] [PubMed]

3. Chiang, J.J.; Lam, PH.; Chen, E.; Miller, G.E. Psychological stress during childhood and adolescence and its association with
inflammation across the lifespan: A critical review and meta-analysis. Psychol. Bull. 2022, 148, 27-66. Available online:
https://psycnet.apa.org/doi/10.1037/bul0000351 (accessed on 3 July 2024). [CrossRef] [PubMed]

4.  Weisling, N. Dysregulated Students Need Regulated Adults. Association for Supervision and Curriculum Development. 2023.
Available online: https:/ /www.ascd.org/el/articles/dysregulated-students-need-regulated-adults (accessed on 9 April 2024).

5. Murthy, V.H. The mental health of minority and marginalized young people: An opportunity for action. Public Health Rep. 2022,
137, 613-616. [CrossRef] [PubMed]

6.  Gross, K. Trauma Doesn't Stop at the School Door: Strategies and Solutions for Educators, Pre-K-College; Teachers College Press:
New York, NY, USA, 2020.

7. Smith, K.E; Pollak, S.D. Early life stress and development: Potential mechanisms for adverse outcomes. J. Neurodev. Disord. 2020,
12, 34. [CrossRef]

8.  van der Kolk, B.A. The Body Keeps the Score: Brain, Mind, and Body in the Healing of Trauma; Penguin Books: New York, NY, USA, 2014.

9.  Burke Harris, N. The Deepest Well: Healing the Long-Term Effects of Childhood Adversity; Houghton Mifflin Harcourt: Boston,

MA, USA, 2018.


https://www.mdpi.com/article/10.3390/educsci14121394/s1
https://www.mdpi.com/article/10.3390/educsci14121394/s1
http://yrbs-explorer.services.cdc.gov/
https://doi.org/10.1001/jamapediatrics.2021.2482
https://www.ncbi.nlm.nih.gov/pubmed/34369987
https://psycnet.apa.org/doi/10.1037/bul0000351
https://doi.org/10.1037/bul0000351
https://www.ncbi.nlm.nih.gov/pubmed/39247904
https://www.ascd.org/el/articles/dysregulated-students-need-regulated-adults
https://doi.org/10.1177/00333549221102390
https://www.ncbi.nlm.nih.gov/pubmed/35674401
https://doi.org/10.1186/s11689-020-09337-y

Educ. Sci. 2024, 14, 1394 24 of 26

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.
31.

Porges, 5.W. The COVID-19 Pandemic is a Paradoxical Challenge to Our Nervous System: A Polyvagal Perspective.
Clin. Neuropsychiatry 2020, 17, 135-138. [CrossRef]

Kim, H.G.; Cheon, E.J.; Bai, D.S,; Lee, Y.H.; Koo, B.H. Stress and Heart Rate Variability: A Meta-Analysis and Review of the
Literature. Psychiatry Investig. 2018, 15, 235-245. [CrossRef]

Douthit, N.; Kiv, S.; Dwolatzky, T.; Biswas, 5. Exposing some important barriers to health care access in the rural USA. Public Health
2015, 129, 611-620. [CrossRef]

Hardy, R.Y; Boch, 5.].; Davenport, M.A_; Chavez, L.].; Kelleher, K.J. Rural-urban differences in social and emotional protective
factors and their association with child health and flourishing. J. Rural Health Off. ]. Am. Rural Health Assoc. Natl. Rural Health
Care Assoc. 2024, 40, 314-325. [CrossRef]

Keller, S.; McNeill, V.; Honea, ].; Paulson Miller, L. A Look at Culture and Stigma of Suicide: Textual Analysis of Community
Theatre Performances. Int. J. Environ. Res. Public Health 2019, 16, 352. [CrossRef]

Blue Cross Blue Shield of Montana. Breaking Suicide’s Grip on Montana. Newsroom: Community Health. 2019. Available online:
https:/ /www.bcbsmt.com /newsroom/ category / community- health /breaking-suicide- grip-montana (accessed on 9 April 2019).
United Health Foundation. America’s Health Rankings. 2022. Available online: https: / /www.americashealthrankings.org/explore /
annual /measure/Depression_a/state/MT (accessed on 1 May 2022).

Garnett, M.; Curtin, S.; Stone, D. Suicide Mortality in the United States, 2000-2020; NCHS Data Brief No. 433; U.S. Department of
Health and Human Services: Washington, DC, USA, 2022. Available online: https:/ /www.cdc.gov/nchs/products/databriefs/
db433.htm (accessed on 30 June 2024).

Crouch, E.; Shi, S.; Kelly, K.; McLain, A.; Eberth, J.; Probst, J.; Brown, M. Findings Brief; Rural & Minority Health Research
Center. 2022. Available online: https:/ /sc.edu/study/ colleges_schools/public_health/research/research_centers/sc_rural
health_research_center/documents/crouchacepcel.pdf (accessed on 9 April 2024).

Tabone, J.K.; Kang, K.K.; Rishel, C.W. Exploring Public Schools as a Primary setting for early prevention in rural areas: A qualita-
tive approach to strengthening the Trauma-Informed Elementary Schools (TIES) program. Child. Sch. 2024, 46, 117-125. Available
online: https:/ /academic.oup.com/cs/article-abstract/46/2/117 /7628271 ?redirected From=fulltext (accessed on 3 July 2024).
[CrossRef]

LaRocca, D.; Puma, J.; Rosten, T.; Lacy, R.; Risendal, B.; Martinez, M.; Leiferman, J.A. A Qualitative Study Identifying a
Rural Community’s Barriers and Facilitators to Addressing Adverse Childhood Experiences in Families with Young Children.
Health Soc. Care Community 2023, 2023, 3865025. Available online: https://onlinelibrary.wiley.com/doi/10.1155/2023 /3865025
(accessed on 3 July 2024). [CrossRef]

Harding, S.; Morris, R.; Gunnell, D.; Ford, T.; Hollingworth, W.; Tilling, K_; Evans, R.; Bell, S.; Grey, ].; Brockman, R.; et al. Is
educators’ mental health and wellbeing associated with students’ mental health and wellbeing? J. Affect. Disord. 2019, 242,
180-187. [CrossRef] [PubMed]

Viswanathan, M.; Ammerman, A.; Eng, E.; Garlehner, G.; Lohr, K.N.; Griffith, D.; Rhodes, S.; Samuel-Hodge, C.; Maty, S.; Lux,
L.; et al. Community-Based Participatory Research: Assessing the Evidence. Evid. Rep. Technol. Assess. (Summ.) 2004, 99, 1-8.
[PubMed] [PubMed Central]

Bush, P.L.; Hamzeh, ].; Macaulay, A.C. Community-Based Participatory Research; Oxford University Press: New York, NY, USA,
2017; Available online: https:/ /academic.oup.com/fampra/article-abstract/34/3/256/2706412?redirectedFrom=fulltext&login=
false#google_vignette (accessed on 3 July 2024).

Sahoo, U.; Sharma, S.K.; Chari, H.; Nayak, S.R.; Ali, W.; Muhammad, T. Examining the rural-urban differentials in yoga and
mindfulness practices among middle-aged and older adults in India: Secondary analysis of a national representative survey.
Sci. Rep. 2018, 13, 22095. [CrossRef]

Donahue, A. Practicing and Teaching Yoga in Rural America. WYSO News. 2016. Available online: https:/ /www.wyso.org/
news/2016-08-17 /practicing-and-teaching-yoga-in-rural-america (accessed on 3 July 2024).

Wadhen, V.; Cartwright, T. Feasibility and Outcome of an Online Streamed Yoga Intervention on Stress and Wellbeing of People
Working from Home During COVID-19. Work 2021, 69, 331-349. Available online: https://content.iospress.com/ articles /work/
wor205325 (accessed on 15 June 2024). [CrossRef] [PubMed]

Fischer-Grote, L.; Fossing, V.; Aigner, M.; Fehrmann, E.; Boeckle, M. Effectiveness of Online and Remote Interventions for
Mental Health in Children, Adolescents, and Young Adults After the Onset of the COVID-19 Pandemic: Systematic Review and
Meta-Analysis. JMIR Ment. Health 2024, 11, e46637. [CrossRef]

James-Palmer, A.; Anderson, E.; Daneault, J. Remote Delivery of Yoga Interventions Through Technology: Scoping Review.
J. Med. Internet Res. 2022, 24, €29092. [CrossRef] [PubMed]

Phansikar, M.; Gothe, N.; Hernandez, R.; Lara-Cinisomo, S.; Mullen, S.P. Feasibility and impact of a remote moderate-intensity
yoga intervention on stress and executive functioning in working adults: A randomized controlled trial. . Behavioaral Med. 2023,
46, 720-731. [CrossRef]

Spence, . Trauma-Informed Yoga: A Toolbox for Therapists; PESI Publishing: Eau Claire, WI, USA, 2021.

Levine, P.A.; Blakeslee, A_; Sylvae, ]. Reintegrating Fragmentation of the Primitive Self: Discussion of “Somatic Experiencing”.
Psychoanal. Dialogues 2018, 28, 620-628. Available online: https://psycnet.apa.org/doi/10.1080/10481885.2018.1506216 (accessed
on 3 July 2024). [CrossRef]


https://doi.org/10.36131/CN20200220
https://doi.org/10.30773/pi.2017.08.17
https://doi.org/10.1016/j.puhe.2015.04.001
https://doi.org/10.1111/jrh.12802
https://doi.org/10.3390/ijerph16030352
https://www.bcbsmt.com/newsroom/category/community-health/breaking-suicide-grip-montana
https://www.americashealthrankings.org/explore/annual/measure/Depression_a/state/MT
https://www.americashealthrankings.org/explore/annual/measure/Depression_a/state/MT
https://www.cdc.gov/nchs/products/databriefs/db433.htm
https://www.cdc.gov/nchs/products/databriefs/db433.htm
https://sc.edu/study/colleges_schools/public_health/research/research_centers/sc_rural_health_research_center/documents/crouchacepce1.pdf
https://sc.edu/study/colleges_schools/public_health/research/research_centers/sc_rural_health_research_center/documents/crouchacepce1.pdf
https://academic.oup.com/cs/article-abstract/46/2/117/7628271?redirectedFrom=fulltext
https://doi.org/10.1093/cs/cdae004
https://onlinelibrary.wiley.com/doi/10.1155/2023/3865025
https://doi.org/10.1155/2023/3865025
https://doi.org/10.1016/j.jad.2018.08.080
https://www.ncbi.nlm.nih.gov/pubmed/30189355
https://www.ncbi.nlm.nih.gov/pubmed/15460504
https://pmc.ncbi.nlm.nih.gov/articles/PMC4780908
https://academic.oup.com/fampra/article-abstract/34/3/256/2706412?redirectedFrom=fulltext&login=false#google_vignette
https://academic.oup.com/fampra/article-abstract/34/3/256/2706412?redirectedFrom=fulltext&login=false#google_vignette
https://doi.org/10.1038/s41598-023-49388-4
https://www.wyso.org/news/2016-08-17/practicing-and-teaching-yoga-in-rural-america
https://www.wyso.org/news/2016-08-17/practicing-and-teaching-yoga-in-rural-america
https://content.iospress.com/articles/work/wor205325
https://content.iospress.com/articles/work/wor205325
https://doi.org/10.3233/WOR-205325
https://www.ncbi.nlm.nih.gov/pubmed/34120925
https://doi.org/10.2196/46637
https://doi.org/10.2196/29092
https://www.ncbi.nlm.nih.gov/pubmed/35666562
https://doi.org/10.1007/s10865-022-00385-4
https://psycnet.apa.org/doi/10.1080/10481885.2018.1506216
https://doi.org/10.1080/10481885.2018.1506216

Educ. Sci. 2024, 14, 1394 25 of 26

32

33.

34.

35.

36.

37.

38.

39.

41.

E&S

47.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

Spinazzola, J.; der Kolk, B.; Ford, J.D. When nowhere is safe: Interpersonal trauma and attachment adversity as antecedents of
posttraumatic stress disorder and developmental trauma disorder. J. Trauma. Stress 2018, 31, 631-642. [CrossRef]

Gordon, ].S. Transforming Trauma: The Path to Hope and Healing; Harper One: San Francisco, CA, USA, 2018.

Emerson, D.; Hopper, E. Overcoming Trauma Through Yoga: Reclaiming Your Body; North Atlantic Books: Berkley, CA, USA, 2011.
Cook-Cottone, C.; LaVigne, M.; Guyker, W.; Travers, L.; Lemish, E. Trauma-Informed Yoga: An Embodied, Cognitive-Relational
Framework. Int. . Complement. Alt. Med. 2017, 9, 00284. [CrossRef]

Winfrey, O.; Perry, B.D. What Happened to You? Conversations on Trauma, Resilience, and Healing; Flatiron Books: New York,
NY, USA, 2021.

Davis, L.; Aylward, A.; Scott, B.; Jacobs, J. “Following the Breath:” A Trauma-Informed Pilot. Study for Educator Wellness in
Rural Montana. Educ. Sci. 2023, 13, 23. [CrossRef]

Davis, L.; Aylward, A. Mitigating Rural Adolescent Trauma during COVID-19: Remote Delivery of a Trauma-Informed Yoga
Intervention. J. Child Adolesc. Trauma 2022, 16, 495-508. [CrossRef] [PubMed]

Davis, L.; Aylward, A.; Buchanan, R. Trauma-Informed Yoga: Investigating an Intervention for Mitigating Adverse Childhood
Experiences in Rural Contexts. Educ. Stud. 2022, 58, 530-559. [CrossRef] [PubMed]

Davis, L.; Buchanan, R. Strength in Numbers: The Promise of Community-Based Participatory Research in Rural Education.
Theory Pract. Rural. Educ. 2022, 12, 105-115. [CrossRef]

Dotson Davis, L.; Buchanan, R. An Integrated Approach to Mitigating ACEs through Trauma-Informed Yoga. In Alleviating
the Educational Impact of Adverse Childhood Experiences: School-University-Community Collaboration; Information Age Publishing:
Charlotte, NC, USA, 2020.

Davis, L.; Buchanan, R. Trauma-Informed Practices in Rural Education. Theory & Practice in Rural Education 2020, 10, 24. [CrossRef]
National Center for Education Statistics. Website redacted for study site confidentiality.

Hardt, J.; Rutter, M. Validity of adult retrospective reports of adverse childhood experiences: Review of the evidence.
J. Child Psychol. Psychiatry 2004, 45, 260—273. [CrossRef]

Burke Harris, N.; Renschler, T. Center for Youth Wellness ACE-Questionnaire (CYW ACE-Q Child, Teen, Teen SR); Center for Youth
Wellness: San Francisco, CA, USA, 2015.

Léwe, B.; Decker, O.; Miiller, S.; Bréhler, E.; Schellberg, D.; Herzog, W.; Herzberg, PY. Validation and standardization of the
Generalized Anxiety Disorder Screener (GAD-7) in the general population. Med. Care 2008, 46, 266-274. [CrossRef]

Mossman, S.A.; Luft, M.].; Schroeder, H.K.; Varney, S5.T.; Fleck, D.E.; Barzman, D.H.; Gilman, R.; DelBello, M.P; Strawn, J.R. The
Generalized Anxiety Disorder 7-item scale in adolescents with generalized anxiety disorder: Signal detection and validation.
Ann. Clin. Psychiatry Off. . Am. Acad. Clin. Psychiatr. 2017, 29, 227-234.

Spitzer, R.L.; Kroenke, K.; Williams, ].B.; Lowe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7.
Arch. Intern. Med. 2006, 166, 1092-1097. [CrossRef]

Johnson, ].G.; Harris, E.S.; Spitzer, R.L.; Williams, ].B. The patient health questionnaire for adolescents: Validation of an instrument
for the assessment of mental disorders among adolescent primary care patients. . Adolesc. Health Off. Publ. Soc. Adolesc. Med.
2002, 30, 196-204. [CrossRef] [PubMed]

Kroenke, K.; Spitzer, R.L.; Williams, J.B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 2001, 16,
606-613. [CrossRef] [PubMed]

Blevins, C.A.; Weathers, EW.; Davis, M.T.; Witte, TK.; Domino, J.L. The posttraumatic stress disorder checklist for DSM-5 (PCL-5):
Development and initial psychometric evaluation. J. Trauma. Stress 2015, 28, 489-498. [CrossRef] [PubMed]

Forrest, C.B.; Meltzer, L.].; Marcus, C.L.; De La Motte, A.; Kratchman, A.; Buysse, D.J.; Bevans, K.B. Development and validation of
the PROMIS Pediatric Sleep Disturbance and Sleep-Related Impairment item banks. Sleep 2018, 41, zsy054. [CrossRef] [PubMed]
Connor, K.M.; Davidson, J.R.T. Development of a new resilience scale: The Connor-Davidson Resilience Scale (CD-RISC).
Depress. Anxiety 2003, 18, 76-82. [CrossRef]

Stamm, B.H. Professional Quality of Life: Compassion Satisfaction and Fatigue Version 5 (ProQOL). 2009. Available online:
https:/ /www.scirp.org/ reference / referencespapers?referenceid=2669928 (accessed on 15 May 2024).

Tschannen-Moran, M.; Woolfolk Hoy, A. Educator efficacy: Capturing and elusive construct. Teach. Educ. Educ. 2001, 17, 783-805.
R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2024; Available online: https:/ /www.R-project.org/ (accessed on 31 October 2024).

Revelle, W. Psych: Procedures for Psychological, Psychometric, and Personality Research. 2024. Available online: https:
/ / personality-project.org/r/psych-manual.pdf (accessed on 20 April 2024).

Bates, D.; Maechler, M.; Bolker, B.; Walker, S. Lme4: Linear Mixed-Effects Models Using Eigen and S4. 2024. Available online:
https:/ / github.com/Ime4 /Ime4/ (accessed on 31 October 2024).

Fox, ].; Weisberg, S.; Price, B. Car: Companion to Applied Regression. 2023. Available online: https:/ /r-forge.r- project.org/
projects/car/ (accessed on 31 October 2024).

Lidecke, D. Ggeffects: Create Tidy Data Frames of Marginal Effects for Ggplot from Model Outputs. 2024. Available online:
https: / /strengejacke.github.io/ggeffects/ (accessed on 31 October 2024).

Liidecke, D.; Ben-Shachar, M.S; Patil, I.; Waggoner, P.; Makowski, D. Performance: An R Package for Assessment, Comparison
and Testing of Statistical Models. J. Open Source Softw. 2021, 6, 3139. [CrossRef]


https://doi.org/10.1002/jts.22320
https://doi.org/10.15406/ijcam.2017.09.00284
https://doi.org/10.3390/educsci13010023
https://doi.org/10.1007/s40653-022-00496-9
https://www.ncbi.nlm.nih.gov/pubmed/36471891
https://doi.org/10.1080/00131946.2022.2102495
https://www.ncbi.nlm.nih.gov/pubmed/36654845
https://doi.org/10.3776/tpre.2022.v12n1p105-115
https://doi.org/10.3776/tpre.v10n1p24-41
https://doi.org/10.1111/j.1469-7610.2004.00218.x
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1016/S1054-139X(01)00333-0
https://www.ncbi.nlm.nih.gov/pubmed/11869927
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.1002/jts.22059
https://www.ncbi.nlm.nih.gov/pubmed/26606250
https://doi.org/10.1093/sleep/zsy054
https://www.ncbi.nlm.nih.gov/pubmed/29546286
https://doi.org/10.1002/da.10113
https://www.scirp.org/reference/referencespapers?referenceid=2669928
https://www.R-project.org/
https://personality-project.org/r/psych-manual.pdf
https://personality-project.org/r/psych-manual.pdf
https://github.com/lme4/lme4/
https://r-forge.r-project.org/projects/car/
https://r-forge.r-project.org/projects/car/
https://strengejacke.github.io/ggeffects/
https://doi.org/10.21105/joss.03139

Educ. Sci. 2024, 14, 1394 26 of 26

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Berntson, G.G.; Quigley, K.S.; Lozano, D. Cardiovascular psychophysiology. In Handbook of Psychophysiology; Cacioppo, ]J.T.,
Tassinary, L.G., Berntson, G.G., Eds.; Cambridge University Press: Cambridge, UK, 2007; pp. 182-210.

Malik, M. Heart Rate Variability: Standards of Measurement, Physiological Interpretation, and Clinical Use: Task Force of the
European Society of Cardiology and the North American Society for Pacing and Electrophysiology. Ann. Noninvasive Electrocardiol.
1996, 1, 151-181. [CrossRef]

Shader, T.M.; Gatzke-Kopp, L.M.; Crowell, 5.E.; Jamila Reid, M.; Thayer, ].E; Vasey, M.W.; Beauchaine, T.P. Quantifying respiratory
sinus arrhythmia: Effects of misspecifying breathing frequencies across development. Dev. Psychopathol. 2018, 30, 351-366.
[CrossRef]

Gibson, ]. Mindfulness, Interoception, and the Body: A Contemporary Perspective. Front. Psychol. 2019, 10, 2012. [CrossRef]
Carlson, L.; Speca, M.; Faris, P.; Patel, K. One year pre-post intervention follow-up of psychological, immune, endocrine and blood
pressure outcomes of mindfulness-based stress reduction (MBSR) in breast and prostate cancer outpatients. Brain Behav. Immun.
2007, 21, 1038-1049. [CrossRef] [PubMed]

Carlson, L.; Speca, M.; Patel, K.; Goodey, E. Mindfulness-based stress reduction in relation to quality of life, mood, symptoms
of stress, and immune parameters in breast and prostate cancer outpatients. Psychosom. Med. 2003, 65, 571-581. [CrossRef]
[PubMed]

Witek-Janusek, L.; Albuquerque, K.; Chroniak, K.; Chroniak, C.; Durazo-Arvizu, R.; Mathews, H. Effect of mindfulness-based
stress reduction on immune function, quality of life and coping in women newly diagnosed with early-stage breast cancer.
Brain Behav. Immun. 2008, 22, 969-981. [CrossRef] [PubMed]

Fries, E.; Dettenborn, L.; Kirschbaum, C. The cortisol awakening response (CAR): Facts and future directions. Inf. ]. Psychophysiol.
2009, 72, 67-73. [CrossRef] [PubMed]

Clow, A.; Hucklebridge, E; Stalder, T.; Evans, P.; Thorn, L. The cortisol awakening response: More than a measure of HPA axis
function. Neurosci. Biobehav. Rev. 2010, 35, 97-103. [CrossRef]

Krafsig, L. Stressed Out: Teens and Adults Respond Differently. 2010. Available online: https://new.nsf.gov/news/stressed-out-
teens-adults-respond-differently (accessed on 30 October 2024).

Tyagi, A.; Cohen, M. Yoga and heart rate variability: A comprehensive review of the literature. Int. |. Yoga 2016, 9, 97-113.
[CrossRef]

Frank, ].; Seifert, G.; Schroeder, R.; Gruhn, B.; Stritter, W.; Jeitler, M.; Steckhan, N.; Kessler, C.S.; Michalsen, A.; Voss, A. Yoga in
school sports improves functioning of autonomic nervous system in young adults: A non-randomized controlled pilot study.
PLoS ONE 2020, 15, e0231299. [CrossRef]

Kuppusamy, M.; Kamaldeen, D.; Pitani, R.; Amaldas, J.; Ramasamy, P.; Shanmugam, P.; Vijayakumar, V. Effects of yoga breathing
practice on heart rate variability in healthy adolescents: A randomized controlled trial. Integr. Med. Res. 2020, 9, 28-32. [CrossRef]
Lever, N.; Mathis, E.; Mayworm, A. School mental health is not just for students: Why teacher and school staff wellness matters.
Rep. Emot. Behav. Disord. Youth. 2017, 17, 6-12.

Will, M. Stress, Burnout, and Depression: Teachers and Principals Are Not Doing Well, New Data Confirm. Education Week.
2022. Available online: https: / /www.edweek.org/teaching-learning/stress-burnout-depression- teachers-and- principals-are-
not-doing-well-new-data-confirm /2022 /06 (accessed on 1 November 2024).

Qu, G; Liu, H,; Han, T.; Zhang, H.; Ma, S; Sun, L.; Qin, Q.; Chen, M.; Zhou, X.; Sun, Y. Association between adverse childhood
experiences and sleep quality, emotional and behavioral problems and academic achievement of children and adolescents.
Eur. Child Adolesc. Psychiatry 2024, 33, 527-538. Available online: https://psycnet.apa.org/doi/10.1007 /s00787-023-02185-w
(accessed on 3 July 2024). [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/j.1542-474X.1996.tb00275.x
https://doi.org/10.1017/S0954579417000669
https://doi.org/10.3389/fpsyg.2019.02012
https://doi.org/10.1016/j.bbi.2007.04.002
https://www.ncbi.nlm.nih.gov/pubmed/17521871
https://doi.org/10.1097/01.PSY.0000074003.35911.41
https://www.ncbi.nlm.nih.gov/pubmed/12883107
https://doi.org/10.1016/j.bbi.2008.01.012
https://www.ncbi.nlm.nih.gov/pubmed/18359186
https://doi.org/10.1016/j.ijpsycho.2008.03.014
https://www.ncbi.nlm.nih.gov/pubmed/18854200
https://doi.org/10.1016/j.neubiorev.2009.12.011
https://new.nsf.gov/news/stressed-out-teens-adults-respond-differently
https://new.nsf.gov/news/stressed-out-teens-adults-respond-differently
https://doi.org/10.4103/0973-6131.183712
https://doi.org/10.1371/journal.pone.0231299
https://doi.org/10.1016/j.imr.2020.01.006
https://www.edweek.org/teaching-learning/stress-burnout-depression-teachers-and-principals-are-not-doing-well-new-data-confirm/2022/06
https://www.edweek.org/teaching-learning/stress-burnout-depression-teachers-and-principals-are-not-doing-well-new-data-confirm/2022/06
https://psycnet.apa.org/doi/10.1007/s00787-023-02185-w
https://doi.org/10.1007/s00787-023-02185-w

	Introduction 
	The Effects of Trauma on Adolescent Well-Being 
	Study Context: Rural Montana 
	The Importance of Educator Wellness 
	Research Orientation and Intervention Framework: Trauma-Informed Yoga 
	Purpose of the Study 

	Materials and Methods 
	Participants 
	Timing 
	Intervention Design 
	Aim One 
	Aim Two 
	Survey Measures 
	Adverse Childhood Experiences 
	Center for Youth Wellness Adverse Childhood Experiences Questionnaire (CYW ACE-Q Teen Version B45-education-3166394) 
	Mental and Behavioral Health 
	Patient Health Questionnaire—9 and Patient Health Questionnaire—A (PHQ-9 and PHQ-A; B49-education-3166394,B50-education-3166394) 
	PTSD Checklist for DSM-5: Adult Version (PCL-5-Adults; B51-education-3166394) 
	Patient-Reported Outcomes Measurement Information System—Sleep Disturbance Short Form for Adults and Children Ages 11–17 (PROMIS SD-SF—Adult/PROMIS SD-SF—Child; B52-education-3166394) 
	Connor–Davidson Resilience Scale (CD-RISC; B53-education-3166394) 
	Educator Career Satisfaction Professional Quality of Life Index (ProQOL; B54-education-3166394) 
	Educator Sense of Self-Efficacy—Short Form (TSSE-SF; B55-education-3166394) 

	Survey Data Analytic Plan 
	Educator Survey Measures 
	Student Survey Measures 

	Psychophysiological Measures and Data Analytic Plan 
	Heart Rate Variability 
	Cortisol 

	Qualitative Feedback 

	Results 
	Survey Measures 
	Students 
	Depression: PHQ-A 
	Anxiety: GAD-7 
	Sleep Quality: PROMIS 
	Resilience: CD-RISC 
	Educators 
	Depression: PHQ-9 
	Anxiety: GAD-7 
	Sleep Quality: PROMIS 
	Resilience: CD-RISC 
	Trauma Symptoms: PCL-5 
	Professional Quality of Life Index: ProQOL 
	Educator Sense of Self-Efficacy (Short Form): TSSE 

	Psychophysiological Outcomes: Heart Rate Variability (HRV) 
	Preliminary Examination of the Data 
	Student Pre- to Post-Intervention Analysis 
	Educator Pre- to Post-Intervention Analysis 
	Psychophysiological Outcomes: Cortisol Levels 
	Student and Educator Qualitative Feedback 


	Discussion 
	Student Discussion and Implications 
	Educator Discussion and Implications 
	Study Limitations 
	Recommendations for Future Research 

	Conclusions 
	References
	Copy Cover Page.pdf
	Blank Page
	Blank Page




