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MINDFULNESS AND STUDENT EXECUTIVE FUNCTION

Abstract

More research is needed to understand the effects of school-based mindfulness programs
in the years before adolescence, which represent a critical juncture and transitional period of
development. The present study investigated mindfulness with elementary school students using
random assignment and objective measures. The sample included 292 5% graders from 21
classrooms randomly assigned to an 8-week mindfulness training or wait-list control group.
Students were assessed at pre- and post-intervention on behavioral measures of executive
functioning and teacher-rated social emotional competence, along with end of year social-
emotional learning report card grades. Analyses using hierarchal linear modeling found that
students in the intervention group demonstrated significant gains on a computerized task of
cognitive flexibility, and end of year social-emotional learning grades controlling for prior year
grades, but not teacher reported social emotional competence. Taken together these findings
point to a simple, yet promising method for bolstering students’ cognitive and social emotional

skills.
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Mindfulness training enhances students’ executive functioning and social emotional skills

In order to promote whole child development, robust approaches are needed to cultivate
social emotional competencies alongside cognitive skills. Although research demonstrates that
Social Emotional Learning (SEL) curricula boost academic achievement (Durlak et al., 2011),
there is still a pervasive perception that social emotional competencies are soft skills that take
second place in classroom curricula. And even though executive functions (EF) are recognized as
fundamental skills that underlie academic achievement (Blair, 2002), there is relatively little
explicit instruction offered in schools for training these cognitive abilities. Promoting children’s
holistic development requires supporting both their cognitive and social emotional capacities.
Social Emotional Learning

While SEL training takes a variety of shapes and sizes, there is still a prevalent belief that
time spent on social emotional skills instruction in the classroom is less important than, or even
detracts from, core academic content (Finn & Hess, 2019). Yet focusing solely on academic
subjects does not adequately prepare children to navigate the social and emotion terrain of their
lives, which becomes increasingly complex as children enter late childhood and early
adolescence. Social emotional competence encompasses individual and interpersonal skills
including emotion regulation and forming and maintaining positive relationships with others that
enable individuals to function effectively in working towards goals and navigating setbacks as
well as interacting successfully with others (Domitrovich, Durlak, Staley, & Weissberg, 2017).
SEL curricula are gaining widespread recognition for bolstering children’s social emotional
competence as well as improving academic achievement (Taylor, Oberle, Durlak, & Weissberg,
2017). Despite the social-emotional and academic benefits of SEL training documented by a

growing research literature (e.g., Durlak et al., 2011), educators are hard pressed to fit SEL
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training into already busy classroom routines. Additional approaches that provide educators with
a variety of options for supporting students to develop their full potential are needed.
Executive Functioning

Executive functions (EFs) are core cognitive processes that refer to a broad array of
distinct yet related functions, such as working memory, inhibitory control, and cognitive
flexibility (Miyake et al., 2000). EFs are involved in self-regulation and collectively impact upon
all areas of an individual’s functioning including thinking, feeling and behavior (Zelazo, Carlson,
& Kesek, 2008). EFs are a fundamental component of school success that predict academic
performance above and beyond general levels of intelligence (Blair & Razza, 2007).

The importance of EFs to a host of academic, social, health, and labor market outcomes
(Moffit et al., 2011) has led to interest in identifying strategies to promote their development.
However, most cognitive skills trainings have proven to be too narrow, failing to transfer or
generalize to other non-trained skills or domains (Kassai, Futo, Demetrovics, & Takacs, 2019).
For example, while computer-based programs that train specific EFs such as working memory
are widely utilized, they have demonstrated limited impacts beyond training effects (Melby-
Lervag, Reick, & Hulme, 2016). Scholars have postulated that developmentally appropriate
practices during childhood and adolescence that engage core EF processes may promote durable
growth in EFs (Diamond & Lee, 2011). The development of prefrontal cortical regions linked to
EFs undergo significant development during this period (Diamond, 2002). Moreover, the
transition between late childhood and early adolescence marks a particularly critical second
window of development (Dahl et al., 2017) linked to brain plasticity (Laube, van den Bos, &
Fandakova, 2020). Neural pathways that are reinforced through thought, behavior and action

become more strongly linked through a process known as myelination (Corrigan et al., 2021).
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Myelin serves to insulate neural pathways and make them more efficient. Pathways that are not
reinforced are “pruned” during this critical developmental stage (Sisk & Foster, 2004). By
strengthening students’ capacities at this foundational stage, they may be better equipped to
navigate the challenges and demands of adolescence and onward throughout life (Andersen,
2002).

Mindfulness

Mindfulness involves training attention by maintaining awareness on an object, whether
it is the breath, other bodily sensations, external stimuli, thoughts or emotions. Mindfulness
practice further entails noticing when the mind has wandered from the object of attention
(monitoring) and returning the mind back to the object of attention (shifting/cognitive flexibility)
when mind-wandering has been recognized. Finally, training in these processes strengthens the
ability to bring attention back and refocus a wandering mind with an attitude of gentle
acceptance (Lindsay & Creswell, 2017). Through a variety of specific practice techniques, these
basic skills are reinforced through repetition.

Mindfulness practices have increasingly received attention as a potential avenue for
promoting whole child development as part of school curricula (Darling-Hammond, Flook,
Cook-Harvey, Barron & Osher, 2020). Mindfulness is defined as the awareness that arises from
paying attention in a particular way; that is, on purpose, in the moment, and without judgment
(Kabat-Zinn, 2013). Applications of mindfulness-based approaches have been explored in a wide
variety of settings with an array of documented benefits, most extensively with adult populations
(Goldberg, Riordan, Sun, & Davidson, 2022). The most widely researched mindfulness training
program is Mindfulness-Based Stress Reduction which was developed over 40 years ago to treat

patients with intractable chronic pain and has since been extended to treat a variety of mental and
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physical health conditions, and is recognized for enhancing overall well-being (e.g., Grossman et
al., 2004; Khoury et al. 2015). Investigations into applications of mindfulness in school settings
are at an earlier stage, but initial evidence suggests benefits for both students and teachers (e.g.,
Roeser et al., 2013; Schonert-Reichl et al., 2015).

Research on mindfulness and similar forms of contemplative training with adults
indicates that training increases the ability to sustain engagement of self-regulatory neural
circuits resulting in improved sustained attention and emotion regulation (Lutz, Slatger, Dunne,
& Davidson, 2008) as well as alterations in functional connectivity of brain networks associated
with attentional focus (Kilpatrick et al., 2011). Training attention is considered a precursor to the
deliberate cultivation of positive qualities through, for example, specific practices designed to
promote empathy (Klimecki, Leiberg, Lamm, & Singer, 2012) and prosocial attitudes (Weng et
al., 2013). Particularly relevant for student implementations intending to improve social-
emotional learning, mindfulness training has been found to promote prosocial behavior even
without explicit instruction in ethical behavior (Berry et al., 2020).

Training of awareness is a salient feature of mindfulness practice and overlaps with the
core competencies identified in a widely recognized Social Emotional Learning framework
(CASEL, n.d.). Arguably, self-awareness is the foremost skill upon which the other skills of self-
management, other awareness, relationship building, and decision making rely. While still a
nascent field of research, effect sizes derived from mindfulness interventions are comparable to
those observed in SEL studies, ranging from standardized mean differences between intervention
and control groups of 0.22 to 0.57 across target domains including social behavior, emotional
distress, and academic performance (Waters, Barsky, Ridd & Allen, 2015; for a review of mental

health in schools see Carsley, Khoury, & Heath, 2017).
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A glance at the state of the field reveals a variety of curricula available for training
mindfulness with students. The particular form of training varies across studies and some
curricula blend mindfulness with other approaches such as SEL. Mindfulness is a unique
approach for a student training, in that the skills are also directly applicable to teachers as a
practice for themselves, although fewer trainings are tailored for educators (but see e.g.,
Hirshberg, Flook, Enright, & Davidson, 2020; Roeser et al., 2013). Most school-based studies
have examined outcomes of mindfulness interventions with students in the areas of social-
emotional functioning and executive functioning separately; few studies have investigated these
outcomes jointly even though they are both established as important components of school
success. In addition, measures have largely been self-report with only a handful of studies
utilizing EF task performance. Existing studies also vary on whether random assignment was
used and assessments beyond post-test are rare leading to questions about treatment effects over
time.

Extant research on mindfulness with students shows effects across a range of methods
including self-report and behavioral tasks. A meta-analysis of mindfulness training for children
implemented in school settings that included 24 studies found moderate overall effects sizes
(measured using Hedge’s g) with the strongest gains in areas of cognitive performance (g=.80,
particularly attention), stress (g=.39), and resilience (g=.36), and smaller effects on reductions in
emotional problems (g=.19; Zenner et al., 2014). Most of these effects were based on self-report
data. Another meta-analysis of mindfulness that included clinical populations found small to
medium effects compared to active control conditions, with the largest effects found for
reductions in psychological symptoms (effect size = .37; Zoogman, Goldberg, Hoyt, & Miller,

2015). Results from a comprehensive meta-analysis of 76 studies published through 2015 were
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consistent with these earlier conclusions (Klingbeil et al., 2017). However, this more recent
meta-analysis (Klingbeil et al., 2017) found that only 16 of the school-based studies reviewed
met criteria for the What Works Clearinghouse standard for methodological rigor, which is
evaluated based on randomization procedures, low attrition, and baseline equivalence. A
majority of those studies focused on adolescents, whereas, only two studies targeted older
elementary age students, suggesting the need for more methodologically rigorous research (that
involves random assignment and non-self-report based measures) in this developmental period.
In addition to the small number of experimental studies, there is considerable variation in
instructional approaches, sample characteristics, outcomes, and measurement methods of
mindfulness-based intervention studies. Of studies employing a randomized design, one tested a
program blending mindfulness and SEL in a sample of 99 4™ and 5 grade children from a
predominantly middle-class background (Schonert-Reichl et al., 2015). This study assessed EF
through behavioral tasks and social emotional indicators via children’s self-report and peer
nominations. The mindfulness-based SEL program consisted of 12 lessons lasting 40-50 minutes
approximately once per week. Core mindfulness practices included breathing and attentive
listening practiced for 3 minutes three times per day. Lessons also targeted EFs and self-
regulation, social-emotional understanding, positive mood, and performing acts of kindness. The
control group received a standard curriculum in social responsibility. Children in the intervention
group showed faster reaction times on computer tasks of attention, inhibitory control, and
cognitive flexibility without compromising accuracy. Child self-report measures including
empathy, self-concept, and depressive symptoms all showed improvement. Additionally,

children in the intervention group were rated as more prosocial by their peers.
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A second study with inner city youth involved 97 4" and 5™ grade students in yoga
training (Mendelson et al., 2010). This study assessed student self-report of stress, psychological
symptoms, and social relationships. Two schools were randomized to receive the 12-week
intervention delivered for 45 minutes, four days per week, while the other two schools served as
a wait-list control. The yoga program involved breathing exercises along with a series of poses
designed to strengthen and stretch the body through physical activity. Student self-reports
indicate less reactivity to stress, in particular, less rumination, emotional arousal, and fewer
intrusive thoughts. No changes were detected in student reports of relationships with their
teacher or peers.

Another study with students in this age range documented benefits in a low-income
African American sample (n=350, 99.7% African American) after a 12-week mindfulness
intervention (Sibinga, Webb, Ghazarian, & Ellen, 2016). Note, this study was not included in the
meta-analysis referenced above because it was published after the literature review was
complete. This study primarily focused on student self-report of psychological symptoms, highly
relevant in this at-risk population. The sample of 5" to 8" grade students self-reported on
measures of psychological symptoms, coping, affect, and post-traumatic stress before and after
the intervention. Data analysis involved comparisons of post-test scores between the mindfulness
group and an active health training control condition; no baseline differences were reported. At
post-test students in the mindfulness group reported less rumination, somatization, negative
affect, negative coping, depressive symptoms, self-hostility, and fewer post-traumatic symptoms.

While the literature is growing, additional research that rigorously investigates the role of
mindfulness on student outcomes is needed. Older elementary school children may be at a prime

developmental period for intervention as they are on the brink of pre-adolescence before they
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transition into middle school when behavioral and psychological problems spike (Merikangas,
Nakamura & Kessler, 2009). Likewise, they are in a period of development when there is a high
level of neural plasticity. Intervening during late childhood to reinforce healthy habits of mind
may harness the natural plasticity occurring during this developmental period to establish a
positive trajectory into adolescence and adulthood (Dahl, 2004).

The current study aimed to draw from the most well-researched mindfulness intervention,
Mindfulness-Based Stress Reduction, by adapting it for both teachers and students. The current
paper focuses on student outcomes and is part of a larger project investigating sustainability of
mindfulness in school settings for which teacher training was expected to be a key component.
This study incorporated objective and teacher-report measures, consisting of behavioral tasks,
teacher reported student outcomes at post-test, and end of year report card grades conferred
approximately 2 months after the end of the intervention. By adapting an empirically established
mindfulness program that does not blend other approaches, this represents a test of mindfulness
itself as the active ingredient.

A primary hypothesis of the study was that mindfulness training would lead to improved
EFs, specifically inhibitory control and cognitive flexibility based on prior research with school
age children, and working memory was also included as it is a core EF that has been shown to
improve with mindfulness training in adults (Jha et al., 2019). A second hypothesis was that
students would show gains in social emotional competence indexed by teacher-report at post-test
as well as on end of year SEL grades.

Methods

Participants
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Students. Participants were 292 public school fifth graders (43.8% female, n=128) from four
urban (49%, n=144) schools in the same district and one neighboring suburban public-school
(51%, n=148) in the upper Midwest of the United States. About 61% of eligible fifth-graders
enrolled in the study. Of the students reporting race, the majority self-reported as White (60%,
n=168); 45 as African-American (15.4%), 38 students reported as Hispanic (13.0%), 26 as
Asian/Pacific Islander (8.9%), and 5 as multi-racial (1.7%). One hundred fifty-four students were
in the intervention group (53%) and 138 students in the wait-list control group (47%). The mean
age of students was 10.91 years (SD = 0.68). Based on publicly available data, our sample
composition in terms of gender and race/ethnicity was representative of the students from the
participating districts (i.e., 59% White, 11% Black, 15% Hispanic, 8.5% Asian, and 7.5% two or
more races; 49% female). See Table 1 for full demographics.

{INSERT Table 1. ABOUT HERE}
Teachers. Teacher participants were 21 fifth grade public school lead classroom teachers. All
eligible teachers from participating urban schools (n=15) and 90.9% of eligible teachers from the
suburban school (n=9) consented to participate. They were 70.83% female (n=17), 66.67%
(n=16) self-reported as White/Caucasian, 8.33% (n=2) as Hispanic, 8.33% (n=2) as more than
one race, and 4.17% (n=1) as Black/African American. On average, teachers were 41.06 years
old (§D=9.85) and had been teaching fifth grade for 4.93 years (SD=4.36), About 38% (n=8) of
teachers earned a bachelor’s degree with 61.9% (n=13) having earned a master’s degree.
Materials and Procedures
School and classroom recruitment and random assignment. In the year before this study
commenced, district administrators from one urban and one neighboring suburban public school

district agreed for participants to be recruited from their schools. Principals from schools in the
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urban district serving high proportions of students on free and reduced lunch (i.e., >50%) and the
principal of the largest school in the suburban district were contacted to gauge interest in
participating in the study.

Five urban school district principals and the suburban school district principal agreed to
allow their teachers and students to participate. Prior to the start of the school year and this
research, eligible teachers were recruited from these schools to enroll in a study on the impact of
teacher and student mindfulness training (Figure 1). Interested and eligible teachers met with
research staff, were told about the study procedures and timeline, and what would be requested
of them. Teachers were provided with a written, IRB approved consent document that outlined
their participation, and after having been provided time to read the consent form, were asked if
they had any questions. Following this process, interested teachers signed the consent document
and were enrolled in the study. In the beginning of the fall after all consenting teachers had
completed pre-testing, we block randomized by school via a random number generator to ensure
that roughly half of the classrooms in each school (and therefore district) were assigned to
intervention and the other half to the wait-list control. Thirteen classrooms were assigned to
intervention (n=9 urban, n=4 suburban) and 11 to wait-list control (»=6 urban, n=5 suburban).

Citing time conflicts, all three teachers from one urban school (n=2 intervention, n=1
control) collectively decided to end participation after pretesting but before intervention onset,
resulting in an analysis sample of 21 classrooms (11 intervention, 10 wait-list control). Teachers
assigned to the teacher-level mindfulness intervention completed the intervention over the
fall/early winter during professional development time. Teachers who participated in the study

were eligible to receive a small honorarium and school supplies for their classroom.
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After the completion of the teacher intervention, students of participating teachers were
recruited into the study (Figure 1). Students were recruited by an in-class visit to participating
classrooms and information packets were sent home to students’ parents notifying them of the
study opportunity. Only students who returned a signed parental consent form were eligible for
the assent process. Researchers provided eligible students with written assent forms which were
read aloud by members of the research team. Students were provided with time to review the
assent and ask questions of the researchers. Students who participated in the study received
school supplies. Both parental consent and student assent were required before students were
enrolled as research participants. Student condition assignment was based on teacher assignment.
To avoid selection bias, researchers did not provide students with information about condition
assignment during recruitment and teachers were explicitly asked not to communicate to students
any information about their condition assignment. In addition, student pre-test occurred after the
completion of the teacher intervention.

In the following school year, teachers in the intervention taught their students the student
curriculum; meanwhile teachers from the wait-list control condition participated in the teacher
intervention in the Fall and co-taught the student intervention in the Spring, mirroring the
procedures reported on here. This design allowed the larger research project from which this
randomized controlled trial was drawn to examine sustainability by examining whether teachers
who in the prior year had received personal instruction in mindfulness and then helped facilitate
a student mindfulness intervention could with fidelity implement the student curriculum more
independently one year later.

Power Analyses. The primary goal of this research project was to estimate the preliminary

effectiveness of the student mindfulness intervention on change in student EF and SEL. The
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secondary goal was to explore whether participating in a mindfulness intervention and assisting
with the implementation of the student-level mindfulness intervention would be sufficient
training for fifth-grade teachers to implement the student intervention independently in the
subsequent year with fidelity. The current paper focuses on the primary goal using data from the
randomized sample.

A priori power analyses were conducted to determine the adequacy of the planned sample
across the entire study (i.e., 40 classrooms with an expected 12 students per classroom on
average). This article reports only on the randomized controlled trial which had a planned sample
of 20 classrooms. Twenty-four classrooms were initially enrolled in this study, with three
teachers withdrawing and no data collected on their students. Applying the same parameters as
the a priori power analyses but with the actual sample for the randomized trial in OpDes
software (Raudenbush, Spybrook, Congdon, Liu, Martinez, 2009), in a two-level random
intercept model, resulted in power estimates of .18, .45 and .73 for small (6=.2), small to medium
(0=.35) and medium (6=.5) effect sizes, respectively, that increase to .23, .55 and .85 with an
ICC of 0.05.

Classroom interventions. A major component of this project was the development of novel
mindfulness-based interventions (MBIs) for 5" grade teachers and 5" grade students. Piloting
and refinement of the curricula occurred during the year before data were collected for the
current study, as part of a multi-year grant. Mindfulness-Based Stress Reduction (Kabat-Zinn,
2009) and a modified MBSR curriculum for teachers (Flook et al., 2013) formed the basis for the
teacher training. Once the teacher training was drafted, its scope and sequence were used as a

blueprint and adapted for 5" grade students (Appendix A).
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All MBI curricula developers / instructors were experienced mindfulness practitioners
(each with >10 years practice experience) and teachers (each with >5 years teaching experience).
Importantly, they were all also former classroom teachers (>40 years combined experience) and
as classroom teachers had integrated mindfulness practice into their pedagogy. After the initial
curricula were developed, they were piloted with a small group of 5 grade teachers and their
students in the year prior to the present study. Qualitative data collected from this pilot informed
refinements to the curricula used in this research.

Beginning in the fall of the study year, teachers from classrooms assigned to the
intervention took part in a 10-week, 75-minute per session MBI, with one half-day mindfulness
intensive during their professional development time. The teacher training was focused on
developing a personal mindfulness practice and did not include instruction in teaching
mindfulness to students. The teacher and student interventions followed the same general
structure and included mindfulness practices emphasizing awareness of body, breath, thought,
and emotion as well as caring practices focused on generating feelings of goodwill and concern
for others (Appendix A). The student intervention consisted of two weekly lessons of
approximately 20-25 minutes each for 8 weeks (Appendices A & B). It was led by the same
expert mindfulness instructors who taught the teacher intervention. The classroom teacher was
present for student lessons and assisted the expert instructor in an apprenticeship model. All
students in intervention classrooms received the intervention regardless of their status as research
study participants but data was collected only on study enrolled students.

Testing procedure. As noted, pre-testing for students occurred between late January and early
February, approximately one to two-months after the end of the teacher intervention and around

two-weeks before student mindfulness training began. Student post-testing was conducted within
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two weeks following the end of the student intervention in early spring. All testing was
conducted in school on research team iPads supervised by research team members. Qualtrics®
was used for questionnaires and the National Institutes of Health’s cognitive toolbox iPad app
was used for EF cognitive behavioral measures. End of year social-emotional learning grades
were provided by the participating school districts.

Intervention fidelity. Fidelity of implementing the student curriculum was assessed through
observations by two raters who were Mindfulness-Based Stress Reduction instructors and both
had previous experience implementing mindfulness curricula for children in school settings.
Fidelity raters monitored implementation of the curriculum and instructors’ embodiment of the
qualities of mindfulness using a measure of fidelity adapted for the study (Crane et al., 2013).
Items on qualities of mindfulness (e.g., awareness, non-judging, acceptance, letting go, “in the
moment”) and teaching (e.g., responsiveness and flexibility, pace of lesson, skillful management
of group process) were rated on a Likert scale from 0 (disagree) to 4 (agree) with higher scores

indicating greater fidelity to the curriculum.

Fidelity raters observed lessons at weeks six, seven, and eight of the student intervention
taught by each of the three mindfulness instructors. In addition to the same mindfulness
instructors who co-led the teacher intervention, a third mindfulness instructor was involved in
implementing the student intervention. The three mindfulness instructors who implemented the
student intervention were highly skilled with equivalent training in mindfulness facilitation and 6
- 23 years of classroom teaching experience. Adherence to the curriculum was also monitored
via weekly instructor meetings. Mindfulness instructors reviewed lesson content each week to
confirm that the themes and practices for each lesson were taught according to a detailed version

of the curriculum that outlined the key information, practices, inquiry and pace for each lesson.
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In this way, both the quality and content of instruction reflected a high degree of fidelity to the
curriculum.

Measures

Cognitive behavioral measures of executive functioning

The NIH Toolbox cognitive battery of behavioral tasks was administered via the NIH toolbox
iPad app to measure executive functioning (EF).

Flanker task. To assess executive attention and inhibitory control, the child version of the
Erikson Flanker task was used. The Flanker task presents five black arrows pointing right or left
and instructs the participant to attend only the direction of the center arrow, hitting the button on
the bottom right or left of the iPad screen that corresponds to the direction the center arrow is
pointed. On congruent trials, all arrows point in the direction of the center arrow. On incongruent
trials, the flanking arrows point in the opposite direction of the center arrow, presenting a visual
conflict that the participant must overcome by inhibiting flanking arrow information and
attending only to the center arrow. The task consists of 20 total trials and takes about 3 minutes
to complete. Scores ranges from 0-10 and represents a combination of a reaction time scoring
vector (0-5 points) and an accuracy scoring vector (0-5 points), with better accuracy and faster
mean reaction time on correct trials scoring higher. In addition to the total score, mean reaction
time on correct trials were examined as an indicator of improved attention. As reaction time
measures are typically skewed, they were log transformed before analysis (Whelan, 2008).
Dimensional Change Card Sort task. The Dimensional Change Card Sort task was used to
measure attentional set-shifting or cognitive flexibility (Akshoomoff et al., 2014; Weintraub et
al., 2013). During the task, participants must rapidly and flexibly shift between sets of rules

(Zelazo et al., 2013). Two images are presented that are the same on one dimension (e.g., a boat)
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but differ on another (e.g., one is blue and the other is yellow). On one set of trials, participants
are instructed to hit the button corresponding to the shape but in switch trials, the instructions
change so that the participant is instructed to hit the button corresponding to color and then may
in the next trial go back to matching on shape. Scores are computed in the same way as the
Flanker task. Mean reaction time on correct trials were analyzed as an additional metric of
increased attention (again log transformed for normality).

List Sort task. Linguistic working memory was measured using the List Sort task. The List Sort
asks participants to properly sort sequenced stimuli provided visually and auditorily (Tulsky et
al., 2014). Pictures of food and animals are presented; participants then sort in order of
presentation along one dimension (e.g., animals only) and then along two dimensions (e.g.,
animals and then food). The task takes about 7 minutes to complete. Normed scores were
analyzed with a mean of 100, a standard deviation of 15, and a maximum score of 140 (see
Weintraub et al., 2013).

Teacher report measures

Teacher ratings of student social competence. Student’s social competence was assessed
through the Teacher Social Competence Scale (Conduct Problems Prevention Research Group,
1995). The scale is a teacher report measure comprised of two domains: a prosocial behavior
domain (7 items, Cronbach’s 0=.94) and an emotion regulation domain (5 items, Cronbach’s
a=.90). Items in the prosocial behavior domain include “Listening carefully to others” and
“Handling disagreements in a positive way.” Emotion regulation items include “Stopping and
calming down when excited or upset” and “Getting angry when provoked by other children

(reverse scored).” Ratings are made on a 6-point Likert-like scale anchored by 0 (almost never)
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and 5 (almost always). Higher scores represent greater teacher endorsement of student prosocial
behaviors or emotion regulation, respectively.

Social-emotional learning grades. In both districts, social-emotional learning was assessed with
13-items that assessed students’ abilities related to schoolwork (e.g., complete work on time,
independently, carefully, take responsibility for work), behavior in school (e.g., follow rules,
uses time wisely), and social interactions (e.g., works cooperatively with others). Items were
rated on 1 (rarely) to 4 (almost all of the time/consistently) scale. The average of the 13-items
was the social-emotional report card grade used in analyses with average scores corresponding to
the scale presented above. Although both districts included items relating to schoolwork,
behavior in school, and social interactions, the suburban district items weighted relatively more
heavily toward self-regulation and academics whereas the urban school district items focused
relatively more on peer social interactions. SEL grades were assigned by classroom teachers and
measured at two times points. SEL grades from 4™ grade (i.e., Spring; Cronbach’s a=0.95)
served as the baseline score and the final SEL grade from 5™ grade (Spring; Cronbach’s a=0.97)
as the outcome.

Statistical models

Differential group attrition based on student data was inspected by constructing a dichotomous
(Yes data/ No data) post-test variable for each outcome at post-test and regressing them on group
in logistic regression models. To add confidence that any observed student-level effects were the
result of the student-level intervention and not carryover effects of the teacher-level intervention,
independent group (i.e., intervention / control) Welch’s #-tests on the pre-test scores of all
outcomes were estimated. Even though 21 classrooms are a small number of level-2 units for

hierarchical linear modeling (Hox, 2010), ignoring the classroom nesting overstates the precision
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of model estimates and therefore increases Type I error by not properly accounting for the
dependencies in the student data (Raudenbush & Bryk, 2002). Therefore, data were modeled in
hierarchal linear models (random intercept models). In all models, students were clustered within
classroom and the post-test score of the outcome was regressed on a level-2 categorical group
variable representing the contrast of interest (i.e., Control / Intervention), the pre-test score of the
outcome variable, a district dummy variable, teacher years of teaching fifth grade, and student
SES. The general model can be written as:
POST;; = yoo + yor* GROUP; + yor* Years.teaching.fifth.grade; + yo3*district; +
v10*PREj; + y20*SESjj+ ugt+ 1y
or in two-level format as:
Level-1: POST;; = Boj + B1;*PRE;; + B*SES;; + rij
Level 2: Boj = yo0 + yor* GROUP; + yp2* Years.teaching.fifth.grade; + yo3*district; + uy
Bij=y10
where, controlling for covariates, yoo reflects the average residual gain across classrooms in the
control condition, yo1 represents the effect of the intervention (GROUP 0= wait-list control;
I=intervention), yo2 is the effect of years teaching fifth grade, yos is the effect of district, yio1s the
effect of the student baseline score (PRE), y20is the effect of student SES, uy, is the level-2
(classroom) residual intercept and 7 is the level-1 (student) residual. Missing data were handled
under the missing at random assumption through maximum likelihood estimation. In addition to
reporting on statistical significance at p<.05, effect size estimates are calculated by estimating a
model-based effect size equivalent to Cohen’s d (Cohen, 1992) for the group contrast of interest
by dividing the group coefficient by the pooled pretest standard deviation. The computed effect

size estimate represents the model predicted between group difference at post-test on the
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outcome in standard deviation units. Because Cohen’s (1988) interpretive rule of thumb that
effects of 0.20, 0.50, and 0.80 standard deviations represent small, medium, and large
magnitudes is arbitrary and may underestimate the importance of effects in educational context
(e.g., grades; Kraft, 2020), Cohen’s U3, which reflects the percentage of the intervention group
with predicted post-test scores better than the average predicted control group student score, are
also provided. The intraclass correlation coefficient (ICC) was calculated using empty models
(i.e., no covariates) to provide information on the amount of outcome variance explained by the
classroom/teacher. The Ime4 package in R (Bates et al., 2015; R Core Team, 2021) was used to
conduct primary analyses.
Results
At post-test, one participant (<1.0%) was missing teacher-rated prosociality and emotion
regulation, three participants (1.0%) were missing data on the dimensional change card sort task,
four participants (1.4%) were missing data on the flanker task, five participants (1.7%) were
missing data on the list sort task, six participants (2.1%) were missing data on anxiety, and 17
participants (5.8%) were missing data on social-emotional report card grades. There were no
differences in rates of missingness between the groups following logistic regression analyses
(ps=0.292 to 0.996). Using independent Welch’s #-tests, no statistically significant differences
between groups on any pre-test score were observed (all ps>0.05). Descriptive statistics for
student measures are presented in Table 2.
{INSERT Table 2. ABOUT HERE}

Implementation Fidelity

The MBI instructors were rated highly across all items on their implementation of the

student intervention (M=3.92, range=3.71 - 4.00). All three instructors received similarly high
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ratings of teaching fidelity (M=3.96, 3.92, 3.83). As a result of the weekly instructor meetings,
all content was presented according to the planned scope and sequence of the training.
Executive Functioning
Flanker Task. The between group residualized gain on overall Flanker Task performance
favored the intervention group but was not statistically significant (yp;=0.11, se=0.10, p=0.289,
d=0.14, U3=55.6%), controlling for years teaching fifth grade, district (suburban is reference),
SES (low is reference; y9:=<0.01, se=0.01, p=0.962 ; y9>=-<0.01, se=0.11, p=0.974 ; y20=<-0.01,
se=0.08, p= 0.956, respectively) and baseline Flanker performance y;0=0.62, se=0.04, p<0.001.
The between group residualized gain on log normalized Flanker RTs also favored the
intervention group but was not statistically significant yy;=-0.05, se=0.03, p=0.107, d=-0.17,
U3=56.8%, 5.65% reduction in reaction time speed at post-test (Figure 2), controlling for years
teaching fifth grade, district and SES (y9,=<-0.01, se=<0.01, p=0.834 ; y92=0.01, 5e=0.03,
p=0.861 ; y20=-0.02, se=0.03, p= 0.473, respectively) and baseline log normalized Flanker RT
110=0.65, se=0.04, p<0.001. ICCs on Flanker and Flanker RTs were 0.02 and 0.01, respectively.
Dimensional Change Card Sort Task. Students in the intervention group demonstrated
significant residualized gains on the Dimensional Change Card Sort task y9,=0.30, se=0.09,
p=0.001, d=0.32, U3=62.7% (Figure 2), controlling for years teaching fifth grade, district and
SES (y02=0.01, 5se=0.01, p=0.203 ; y92=0.23 , 5¢=0.10, p=0.028 ; y20=<-0.01, 5¢=0.09, p= 0.959,
respectively) and baseline DCCS performance y;0=0.47, se=0.05, p<0.001. The ICCs was 0.03.
A similar magnitude reduction (i.e., improvement) on average log normalized DCCS RTs
favoring the intervention group at post-test (Figure 2) was observed y9;=-0.07, se=0.04, p=0.068,
=-0.26, U3=60.3%, 7.57%, controlling for years teaching fifth grade, district and SES (yg,=<-

0.01, s5e=<0.01, p=0.245 ; yp2=-0.02 , 5¢=0.04, p=0.628 ; y20=-0.04, 5¢=0.03, p=0.160
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respectively) and baseline log normalized DCCS RT y;0=0.71, se=0.05, p<0.001. The ICC was

0.04.

List Sort Task. There was not a significant effect of group on the List Sort task y¢;=0.03,

se=1.63, p=0.868, d<0.01, U3=50.0%, controlling for years teaching fifth grade, district and SES

(02=0.16, se=0.19, p=0.414 ; y02=3.72 , se=1.79, p=0.051 ; y20=1.11, se=1.40, p= 0.432

respectively) and baseline List Sort performance y;0=0.54, se=0.05, p<0.001. The ICC was 0.05.
{INSERT Figure 2. ABOUT HERE}

Teacher Ratings of Student Social Competence

There were non-statistically significant, small magnitude residualized gains favoring the
intervention group on teacher-rated emotion-regulation y9;=0.23, se=0.16, p=0.172, d=0.21,
U3=58.3%, controlling for years teaching fifth grade, district and SES (y9,=0.01, se=0.02,
p=0.575 ; y02=0.14 , 5e=0.17, p=0.430; y20=0.04, 5e=0.08, p= 0.613, respectively) and baseline
emotion regulation y;0=0.81, se=0.03, p<0.001. The ICC was 0.21.

Similarly, we observed non-statistically significant, small magnitude residualized gains
favoring the intervention group on teacher-rated prosociality y9;=0.26, se = 0.19, p=0.180,
d=0.26, U3=60.3% (Figure 3), controlling for years teaching fifth grade, district and SES
(02=<0.01, se=0.02, p=0.890 ; 792=0.15, 5e=0.19, p0.438 ; y20=<0.01, 5se=0.07, p= 0.950
respectively) and baseline prosociality grades y;6=0.86, se=0.03, p<0.001.. The ICC for
prosociality was 0.35.

Social-Emotional Learning Grades

The intervention group demonstrated small magnitude, statistically significant

residualized gains on SEL grades yo; = 0.15, se=0.07, p=0.041, d=0.29, U3=61.4%, controlling

for years teaching fifth grade, district and SES (y9,=0.02, se=0.01, p=0.038 ; y92=0.58 , 5e=0.08,
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p<0.001 ; y20=0.06, se=0.04, p= 0.112 respectively) and prior year SEL grades y;0=0.54, se=0.05,
p<0.001. The ICC was 0.59.
{INSERT Figure 3. ABOUT HERE}
Discussion

Students in classrooms assigned to the mindfulness intervention showed significant gains
on an objective computerized task of executive functioning and end of year SEL report card
grades compared to students in the control group. Specifically, students in the mindfulness group
showed improvements in cognitive flexibility, as reflected in their overall performance on the
DCCS, and social-emotional learning, as evidenced by their end of year SEL grades controlling
for prior year SEL grades. Small magnitude, non-statistically significant improvements were
observed on both DCCS and Flanker RTs. Similarly, gains on teacher-reported emotion-
regulation and prosociality were not statistically significant, but small magnitude improvements
favoring the intervention were observed.

By using randomization and objective measures to examine the impact of mindfulness
training, this study helps address the need for more methodologically rigorous research with
school age students. In addition, we utilized an adapted version of a widely researched
mindfulness intervention to distill mindfulness as the active ingredient in this intervention. Taken
altogether, the current findings extend research on school-based mindfulness by replicating
previous results regarding improvements in EF within a different sample and documenting a
longer-term impact of mindfulness training by assessing end-of-year report card grades of social
emotional learning.

The intervention used in the current study consisted of 16 sessions (twice per week) for a

total of approximately 400 minutes of instruction. The present program offers a condensed
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mindfulness training for students that is relatively low-cost and time efficient. Most public
schools in the US require between 900-1050 instructional hours in a school year for 5" graders
(IES, nd). The current intervention takes less than 1% of allotted instructional time to implement
and yields benefits for students.

The observed improvements in executive functioning have potentially important
implications for children’s cognitive development. Specifically, students in the mindfulness
group showed improvements in cognitive flexibility, as reflected in their overall performance on
the DCCS, an objective computerized task. Improvements in inhibitory control reaction time on
the Flanker task were marginally significant and consistent with results from Schonert-Reichl et
al. (2015) — a randomized study with a sample of 99 students in the same age range — showing
benefit of a mindfulness-based intervention on student inhibitory control. The magnitude of the
observed change (d=0.14; Cohen, 1988; Kraft, 2020) translates into around 57% of the
intervention group performing better at post-test than the average control group student.

The observed improvements on EF occurred amidst a developmental period during which
EFs rapidly improve (Anderson, 2002). Thus, the observed effects can be thought of as an
acceleration of a crucial on-going developmental process. EFs are a core constituent of self-
regulation. Children with greater self-control demonstrate better academic and social functioning
over the course of development and into adulthood (Mischel et al., 1989). When placed on a
gradient, greater self-control as a child predicts greater health, financial security, fewer drug or
alcohol problems, and a lower likelihood of criminal conviction as an adult, after controlling for
intelligence and childhood SES (Moffitt et al., 2011). The notion of a self-control gradient is
particularly salient to the present findings. One way of interpreting observed intervention group

improvements on EFs is as a shift in intervention group students’ location on the sample gradient
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of self-control. An implication from longitudinal research is that children whose location on the
self-control gradient improves across childhood are predicted to have correspondingly better
outcomes across a host of meaningful life indicators decades later (Moffitt et al., 2011). This
suggests that interventions which improve self-control may produce measurable benefits across a
continuum, such that even small increases early in life, which become cumulative across the
lifespan, could shift the entire distribution of salient outcomes to yield societal benefits.
Intervening during a crucial developmental period such as later-childhood, as was the case in this
research, may further facilitate a substantive shift in the life trajectory even when the immediate
benefits are relatively smaller in magnitude.

Students in the mindfulness intervention also showed significant gains on social-
emotional learning, as evidenced by their end of year SEL grades controlling for prior year SEL
grades. A considerable amount of the variance in teacher reported outcomes including SEL
grades was explained by the teacher. It is important to note that prior year grades were given by a
different teacher, and it would be highly unusual for a teacher a year later to review prior year
grades from a different classroom when giving end of year marks. While we cannot rule out the
possibility that the observed teacher reported SEL gains were the result of teacher reporting bias,
at least on SEL grades, this explanation seems unlikely to account for all of the observed
benefits. Additionally, teacher perceptions of students matter a great deal to student educational
outcomes (Friedrich et al., 2015), including how students view themselves and the education
context, which has implications for student learning (Hinnant, O’Brien, & Gharazaian, 2009).
Teacher perceptions of students are also implicated in race-based educational inequities
(Weinstein, Gregory, & Strambler, 2004). Therefore, enhancing teacher perceptions of students

has the potential to favorably wield influence on a student’s educational trajectory.
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An argument against teacher reporting bias in this study is that there were not significant
differences on teacher ratings of student social emotional competence at post-test; teacher ratings
of student social-emotional growth were only evident months after the intervention on end of
year social-emotional learning grades. However, in order to more definitively rule out teacher
bias in reporting as a driver of the observed changes. including raters who are blind to condition,
or other objective measures of these outcomes would be needed to provide convergence.

In contrast with other EFs, working memory did not show change in this study. There are
two main differences compared to other mindfulness intervention studies that have detected
changes in working memory, one is that other studies focused on adult populations and second,
they used tasks that have less emphasis on verbal working memory (Jha et al., 2019). The list
sort task used in this study was part of the NIH battery and is specifically a measure of verbal
working memory. It is possible that the present intervention did not affect verbal working
memory but could have impacted visuospatial or episodic working memory (Baddeley, 2003).
Visuospatial working memory is important to the manipulation of numbers and implicated in a
number of STEM related fields making assessment of this component of working memory an
important area for future research.

Limitations and Future Directions

A question that arises is whether the observed effects are due to the student training alone
or the combination of teacher and student training. It is possible that the teacher-level
intervention led to trickle-down benefits on students. However, there was no evidence that
intervention and control group students differed on any measure at the student pre-test
assessment that occurred approximately a month after the end of the teacher intervention. We are

not able to disentangle whether the observed results are solely a function of the student
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intervention or if perhaps the teacher intervention interacted with the student intervention over
time. The lack of baseline student differences lends support to the interpretation that the effects
presented here were not driven primarily by the teacher intervention. In addition, other research
involving teacher intervention has observed no effects on students during the year of the teacher
intervention, but student-level effects emerged the year after when teachers presumably were
better able to integrate their learning into practice (e.g., Gregory, Allen, Mikami, Hafen, &
Pianta, 2015). Examining the relative contribution of teacher and student level interventions
would be possible by comparing a student only intervention with a combined teacher and student
intervention.

Another limitation of the current study was the relatively small number of level 2 units.
Relatedly, three of the 24 teachers who initially enrolled withdrew prior to intervention onset.
This precluded recruiting their students into the study and estimating true intention-to-treat
estimates on the students of all teachers who were randomly assigned. The fact that all three
teachers who withdrew were from the same school and decided to withdraw in unison may
indicate les risk of bias, but it is a limitation of the present work. In terms of statistical power, the
study was able to detect medium to large effects and smaller effects may have gone undetected.
Despite this limitation, the effect sizes associated with the outcomes could provide a helpful
benchmark for future investigators to reference. Scaling research that is rigorously designed to
include a larger number of classrooms will allow the field to continue to advance. In addition,
including additional follow-up time points beyond the current academic year would be useful for
assessing the persistence of effects. In order to promote longer term impact, researchers should
consider ways to reinforce and bolster the practices once they are learned.

Considering the nascent state of rigorous research on student mindfulness interventions,
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evaluating interventions that differ in terms of dosage and content foci remains critically
important. For example, no rigorous research has yet evaluated the relative impact of a
mindfulness program with evidence of efficacy when it is implemented by expert instructors (as
in the present research) versus classroom teachers trained to implement the intervention. Future
research on this question is essential to understanding the potential for scaling-up mindfulness
interventions and for implementing mindfulness interventions as universal prevention strategies.

Possible variations for future research could investigate dosage to determine the impact
of longer or shorter interventions on student outcomes. Additionally, an intriguing possibility
that has not been examined thus far is whether mindfulness training may make students more
receptive to other types of learning. Researchers could examine in a factorial design the impact
of mindfulness followed by SEL training or SEL followed by mindfulness training, in addition to
other permutations that can shed light on optimizing outcomes for students. Future work should
also investigate impacts across a range of grade levels from pre-K to professional training. Many
questions remain about dosage, individual differences, and sustainability of training. These
findings provide a new data point in a small but growing evidence base on the utility of school-
based mindfulness for student cognitive and social emotional skills enhancement.

The results of this study provide evidence for educators and other stakeholders who are
seeking research-based methods to promote whole child development. These findings can further
encourage stakeholders to embrace an integrated perspective on social, emotional and cognitive
functioning. A growing body of research shows how bound together these areas of development
are and is consistent with a whole child perspective on development. Practitioners and policy
makers alike can advance the field by advocating for research-based approaches that address

children holistically. There is considerable evidence demonstrating the importance of social
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emotional learning for children’s development that cannot be separated from children’s cognitive
development. This study provides empirical evidence for a practical approach that shows

promise for enhancing both social emotional and cognitive faculties in childhood.
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Table 1. Participant Demographics

Student race
Asian / Pacific Islander
African American

Hispanic
White

More than one race
Student gender

Female
Male

Socioeconomic status

Low
High
District
Suburban
Urban

Intervention Control Baseline Group
Contrast
(n/ %) (n/ %) X% p
x%=5.71, p=0.222
14 (9.09) 12 (8.70)
29 (18.83) 16 (11.59)
23 (14.94) 15 (10.87)
79 (51.30) 89 (64.49)
3 (1.95) 2 (1.45)
x%=0.019, p=0.890
81 (52.60) 76 (55.07)
68 (44.16) 60 (43.48)
x%=0.79, p=0.373
59 (38.31) 47 (34.06)
87 (56.49) 89 (63.69)
x%=3.13, p=0.077
70 (45.45) 78 (56.52)
84 (54.55) 60 (43.48)

Note. Low socioeconomic status was defined as living in a household where no caregiver has

obtained a college degree. High socioeconomic status was defined as living in a household where

one or more caregivers had obtained a college degree. Student race and gender do not sum to

100% because of missingness. t-test were Welch’s t-tests. Chi-square tests used Yates continuity

correction.



Table 2. Descriptive Statistics

Intervention Control Baseline Group
Contrast
Time 1 Time 2 Time 1 Time 2 t/p
Outcomes Mean (SD) Mean (SD) Mean (SD) Mean (SD)
NIH Flanker 8.36(0.94) 8.64(0.75) 8.41(0.79)  8.58(0.86) t=0.56, p=0.573
NIH Flanker RT (ms) -0.15(0.33) -0.26(0.25) -0.17(0.27) -0.23(0.30) ¢=-1.15, p=0.252
NIH DCCS 8.45(0.90) 8.64(0.81) 8.47(0.96)  8.45(0.82) t=0.18, p=0.855
NIH DCCS RT (ms) -0.27(0.27) -0.27(0.27) -0.26 (0.26) -0.23 (0.29) t=0.28, p=0.778
NIH List Sort 96.77 99.18 98.32 101.56 t=1.10, p=0.274
(11.84) (11.76) (12.29) (12.66)
TSC Prosocial behavior 3.52(0.99) 3.97(0.99) 3.50(1.00) 3.78(1.01) ¢=-0.19, p=0.853
TSC Emotion regulation  3.50 (1.14)  3.83(1.07)  3.52(1.12)  3.70(1.04) t=0.17, p=0.863
SEL Grades 3.18 (0.50)  3.27(0.55) 3.22(0.54)  3.31(0.58) t=0.52, p=0.605

Note: RT = log transformed reaction time; ms = millisecond. DCCS = Dimensional Change
Card Sort task. TSC = Teacher Social Competence. t-test were Welch’s t-tests. Chi-square tests

used Yates continuity correction.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) Diagram
Figure 2. Student Mindfulness Training Effects on Executive Function

Figure 3. Student Mindfulness Training Effects on Social-Emotional Learning Grades, and
Teacher-Rated Emotion-Regulation and Prosociality
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) Diagram
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Figure 2. Student Mindfulness Training Effects on Executive Function
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Note: Results are from analyses using Hierarchical Linear Modeling. A. Dimensional Change
Card Sort Task from the NIH Cognitive Toolbox. B. Natural of reaction time on correct Flanker
Task trials from the NIH Cognitive Toolbox. C. Natural log of reaction time on correct
Dimensional Change Card Sort Task trials from the NIH Cognitive Toolbox. Time 1 = pre-test.

Time 2 = post-intervention.
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Figure 3. Student Mindfulness Training Effects on Social-Emotional Learning Grades, and

Teacher-Rated Emotion-Regulation and Prosociality
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Note: Results are from analyses using Hierarchical Linear Modeling. A. Teacher reported social-

emotional learning grade. Time 1 = spring of preceding year. Time = spring of current year. B.

Teacher reported emotion regulation. C. Teacher reported prosocial behavior. For B. and C;

Time 1 = pre-test. Time 2 = post-intervention.
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