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Abstract

This uncontrolled pilot study examined the effects of a classroom-based yoga intervention on
cortisol concentrations and perceived behavior in children. A 10-week Yoga 4 Classrooms®
intervention was implemented in one second- and one third-grade classroom. Students’ salivary
cortisol responses were assessed at three time points. Classroom teachers also documented their
perceptions of the effects of the intervention on students’ cognitive, social and emotional skills.
Second, but not third, graders showed a significant decrease in baseline cortisol from before to
after the intervention. Second and third graders both showed significant decreases in cortisol from
before to after a cognitive task, but neither grade showed additional decreases from before to after
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a single yoga class. The second-grade teacher perceived significant improvements in several
aspects his/her students’ behavior. The third-grade teacher perceived some, but fewer,
improvements in his/her students’ behavior. Results suggest that school-based yoga may be
advantageous for stress management and behavior.
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INTRODUCTION

Yoga for Stress Management

Yoga is a holistic system of mind-body practices for mental and physical health involving
multiple components such as physical postures and exercises to promote strength and
flexibility, breathing exercises to enhance respiratory functioning, deep relaxation
techniques to cultivate the ability to mentally and physiologically release tension and stress,
and meditation/mindfulness practices to enhance mind-body awareness and improve
attention and emotion regulation skills. Systematic research reviews suggest that yoga is
effective at reducing stress and enhancing mood and well-being in adults.1~ Salivary
cortisol, a potential biological marker of stress, tends to increase as part of the physiological
stress response.®8 While this stress response is generally considered adaptive, chronically
heightened cortisol concentrations as a result of repeated stressors may have detrimental
long-term effects on mental and physical health®, suggesting that interventions that reduce
cortisol levels may be beneficial.

Evidence exists suggesting that participation in yoga may reduce cortisol concentrations in
adults.10-13 However the literature in this area is inconsistent, with some studies failing to
show associations between yoga and cortisol concentrations.141° In addition, one study of
women with fibromyalgia showed that participation in yoga increased cortisol
concentrations.1® Very little research exists on the effects of yoga on cortisol concentrations
in children; however one study showed that hospitalized children who participated in a
relaxation therapy class that included yoga showed decreases in cortisol.1”

Yoga, which often includes practices that are specifically focused on calming the nervous
system, may be ideally suited to prevent or alleviate the psychological and physiological
stressors encountered by youth. A NIH/CDC Complementary and Alternative Medicine
(CAM) therapy survey revealed that 2.1% of children under 18 practice yoga and that 4.8%
of child/adolescent CAM users were specifically targeting anxiety and stress.1® Two
systematic reviews and one clinical review paper on the therapeutic effects of yoga for youth
indicated improvements in physical and mental health.1%-21 |n addition, research on children
and adults suggest that yoga-based breathing exercises are beneficial for reducing
physiological and psychological stress.22-26
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Yoga in Schools

In a comprehensive review proposing the implementation of contemplative practices such as
yoga and meditation in education, Davidson and colleagues?’ suggest that the benefits of
yoga that have been observed in adults are also relevant for children and adolescents in
school-based settings. Research on yoga interventions in schools is in its early stages,
however initial results are promising. For example, Serwacki and Cook-Cottone28 recently
reviewed 12 preliminary studies of yoga in schools and concluded that the yoga
interventions exerted positive effects on factors such as emotional balance, attentional
control, cognitive efficiency, anxiety, negative thought patterns, emotional and physical
arousal, reactivity, and negative behavior. Additional research also suggests positive effects
of school-based yoga programs on several aspects of mental health such as concentration,
attention, anxiety, stress, mood, resilience, emotional arousal, self-esteem, and coping
frequency.23:28-36 |t js important to note, however, that existing research on school-based
yoga programs is highly preliminary, with most studies suffering from low methodological
quality. In addition, prior research on yoga in schools has relied almost exclusively on
student self-report, suggesting a need for more objective measures of the effects of these
interventions.

Purpose of the Present Study

Preliminary research suggests that providing yoga within the school curriculum may be an
effective and feasible way to help youth develop stress management skills. However, limited
data exists on school-based yoga interventions, particularly with regard to objective
measures of stress such as cortisol concentrations. The high prevalence of stress-related
psychiatric disorders among youth3’ suggests that school-based yoga interventions may be
advantageous in this regard.38 The goal of this uncontrolled pilot study is to examine
whether a 10-week school-based yoga program has beneficial effects on physiological
markers related to stress and behavior in second and third grade students at an elementary
school in Maine, USA. This is the first research study to use both subjective and objective
data to examine the acute and longitudinal effects of a school-based yoga intervention in
young children.

METHODS

Participants

Two classrooms (one second- and one third-grade) at an elementary school in Maine
received the Yoga 4 Classrooms (Y4C) yoga intervention (described below). Letters
approved by the university Institutional Review Board (IRB) were sent to each student’s
parents explaining the Y4C program as well as the research study. Parents who did not wish
their child to participate had the option to decline and their child was not entered into the
study. In total, 18 second-graders (11 male, 7 female) and 18 third-graders (9 male, 9
female) participated in the study. Participants did not receive any type of compensation for
participation, nor were any students/teachers given a penalty for opting not to participate.
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The Y4C program includes an initial 6-hour professional development workshop provided to
any interested teachers at the school to learn about the benefits of yoga and how to
implement yoga practices in the classroom. This workshop was made available to all
teachers at the school in the summer before the school year began. However, only the two
participating classrooms received the 10-week yoga intervention, which began in January.
These classroom teachers were instructed not to teach any Y4C techniques from September
to December. The intervention involved a 30-minute weekly class, taught during regular
class time, led by a licensed Y4C yoga instructor (10 yoga sessions total). The lead yoga
instructor had completed a 200-hour yoga teacher training, the ChildLight Yoga (children’s
yoga) Instructor Certification Program, the Y4C Trainer program, and over 95 additional
hours of training specifically focused on teaching yoga to children. The classroom teachers
were present at each yoga session, and had both attended the 6-hour Y4C professional
development workshop described above.

The Y4C program is completely secular and includes 4 key elements of classical yoga:
breathing exercises, physical exercises and postures, meditation techniques, and relaxation.
The program also incorporated a themed discussion at the start of each session with the
intention of engaging the students in learning while promoting self-inquiry and a reflective
environment. Finally, a focus on the Y4C approach to self-regulation, including the steps of
noticing, mindful choice, regulation, reflection, and integration, was woven throughout the
yoga program.

The 30-minute yoga sessions were structured as follows: a 2-minute centering, 5-minute
themed discussion, 3-minute breathing exercise, 15 minutes of yoga postures/exercises
(modified for a classroom setting), and a 5-minute relaxation and closing. Centering
involved a short community-building chant/song and a timed focusing activity which was
increased in length each week based on students’ progress. Themed discussions focused on
yoga-related topics such as: introduction to yoga and mindfulness, breathing for self-
regulation, peace/non-violence, and self-care. Breathing exercises were primarily focused on
calming and integrating breathing techniques, though energizing breathing techniques were
also introduced. Students kept their shoes on and remained sitting at, or standing next to,
their desks while practicing yoga posture variations appropriate for use in a typical
classroom setting. All yoga activities were accessible and adaptable for all physical abilities,
and emphasis was placed on listening to one’s body and modifying as needed. Relaxation
involved students progressively relaxing into ‘Desk Rest Pose’ (heads down on the desk)
while listening to a themed visualization, followed by a closing song/chant and a few final
deep breaths.

Data collected included results from the Attention Network Test (ANT-C) described below
(the results of which are not the focus of the present study), saliva samples later analyzed for
cortisol concentrations, and surveys completed by teachers assessing observed changes in
student behaviors. Study staff collected data at the school on the first and last day of the 10-
week intervention, for a total of two experimental days per classroom. The ANT-C was
administered immediately before a single yoga class on each experimental day. Saliva
samples were collected at three time points on each experimental day: immediately prior to
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the ANT-C test (Cortisol 1), immediately after the ANT-C (Cortisol 2), and immediately
after a single yoga class (Cortisol 3). Subjective surveys were given to teachers at the
beginning and end of the 10-week intervention and were returned to study staff within
approximately 1 week.

Outcome Measures

Attention Network Test (ANT-C)—The ANT-C is an attention test that involves
responding to a target that is surrounded by flankers that point in either the same or opposite
direction. All stimuli were displayed on a computer screen. Each trial began with a central
fixation cross. The target array was a yellow colored line drawing of either a single yellow
fish or a horizontal row of five yellow fish, presented above or below fixation, over a blue—
green background. The participant was to respond based on whether the central fish was
pointing to the left or right by pressing the corresponding single finger press (left click) or
double finger press (right click) on the mouse. On congruent trials the flanking fish were
pointing in the same direction, on incongruent trials the flankers point in the opposite
direction from the central fish, and on neutral trials the central fish appeared alone.3?
Participants completed one round of 24 practice trials followed by three experimental blocks
of 48 trials each, with the entire session taking between 18—-25 minutes. Total reaction time
and response accuracy were used as indicators of students’ attention and ability to inhibit
inappropriate responses. The results of the ANT-C are not the focus of the present paper,
however this measure is described due to changes in cortisol concentrations that occurred
from before to after the ANT-C (described below).

Salivary Cortisol—Collection of saliva involved asking the students to "drool" into a
plastic conical tube until approximately 1 mL of saliva had been collected, excluding air
bubbles. The vial was then capped and frozen to later be analyzed for free cortisol, with each
subject’s full set of samples run in the same batch. Salivary cortisol concentrations were
measured using enzyme-linked immunosorbent assay (ELISA, Salimetrics, Inc., State
College, PA). Absorbance was converted to cortisol concentration based on the standard
curve using line of best fit (www.Myassays.com). Saliva samples were collected
immediately prior to the ANT-C test (Cortisol 1), immediately after the ANT-C (Cortisol 2),
and immediately after a single yoga class (Cortisol 3). Statistical comparisons on both the
second and third grade classes were performed to determine if significant changes occurred
between the following time points:

e Cortisol 1 (Week 1) vs. Cortisol 1 (Week 10) (longitudinal, baseline comparison)
e Cortisol 1 vs. Cortisol 2 (Weeks 1 and 10; pre vs. post-ANT-C)

e Cortisol 2 vs. Cortisol 3 (Weeks 1 and 10; post-ANT-C vs. post-yoga)

Perceived Behavior Change—The second and third grade teachers were asked to
complete a behavioral observation survey (created by the present researchers) during Week
1 of the yoga intervention and at Week 10 following the intervention to record the perceived
behavioral changes of each student over the 10-week period. The teachers rated each student
on the following criteria using a 5-point scale (1 = Poor; 5 = Good): social interaction with
classmates, respect for others, ability to be in control of their behavior, ability to manage
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their anger, attention span, ability to concentrate on work, ability to stay on task, creativity,
academic performance, ability to deal with stress and anxiety, confidence/self-esteem, and
overall mood.

Data Analysis

Independent-samples t-tests were used to examine whether any differences existed between
second and third graders at baseline. Data were then analyzed using a series of 2 x 2 split-
plot ANOVAs, in which grade served as the between-subjects factor, and time served as the
within-subjects factor, to examine whether cortisol concentrations and perceived behaviors
changed significantly for second and third graders over time. The alpha level used to
determine statistical significance was p < .05 for all analyses. Data are reported as mean +
standard deviation.

RESULTS

Baseline Differences Between Grades

No statistically significant baseline differences were detected between the two grades for
salivary cortisol, however second and third graders did show statistically significant baseline
differences on 8 of the 12 items of the behavioral observation survey. In particular, at
baseline, third graders were rated significantly higher than second graders on their social
interaction with classmates, attention span, ability to concentrate on work, ability to stay on
task, academic performance, ability to deal with stress/anxiety, confidence/self-esteem, and
overall mood. Thus, data were analyzed separately for each grade by including grade as a
between-subjects factor in the 2 x 2 ANOVAs described above.

Salivary Cortisol

Means and standard deviations for the salivary cortisol data are displayed in Table 1. The
longitudinal, baseline comparison of Cortisol 1 at Week 1 vs. Cortisol 1 at Week 10 revealed
a significant interaction between grade and time in which second, but not third, graders
showed a significant decrease in baseline cortisol concentrations from before (M =
0.18+0.09 ug/dL) to after (M = 0.12+0.06 ug/dL) the 10-week intervention, F(1,30) = 9.77,
p < 0.01 (see Figure 1).

In addition, a significant main effect of Time emerged for the Week 1 testing session in
which, regardless of grade, participants showed a significant decrease in cortisol
concentrations from before (M = 0.14+0.06 ug/dL) to after (M = 0.09+0.04 ug/dL) the ANT-
C cognitive task, F(1,27) = 48.25, p < 0.001. However, neither grade showed additional
decreases in cortisol concentrations from before to after a single yoga class during the Week
1 testing session, F(1,27) = 1.06, ns. A similar pattern of results emerged for the Week 10
testing session, in which, regardless of grade, participants showed a significant decrease in
cortisol concentrations from before (M = 0.13+0.06 ug/dL) to after (M = 0.11+0.07 ug/dL)
the ANT-C cognitive task, F(1,34) = 16.12, p < 0.001, however neither grade showed
additional decreases in cortisol concentrations from before to after a single yoga class,
F(1,35) =1.83, ns.
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Perceived Behavior Change

Means and standard deviations for the behavioral observation survey are displayed in Table
2. Analyses of the teacher ratings revealed a pattern of significant interactions between
grade and time in which the second grade teacher perceived significant improvements on
several cognitive, social and emotional skills from before to after the 10-week intervention,
whereas the third grade teacher perceived little or no change. In particular, the second grade
teacher perceived significant improvements in his/her students’ social interaction with
classmates (pre M = 3.17+0.79; post M = 4.39+0.61), attention span (pre M = 2.94+1.00;
post M = 4.08+0.69), ability to concentrate on work (pre M = 2.89+0.83; post M =
4.11+0.68), ability to stay on task (pre M = 2.67+0.91; post M = 4.06+0.73), academic
performance (pre M = 3.11+0.92; post M = 4.11+0.68), ability to deal with stress/anxiety
(pre M = 2.72+0.83; post M = 4.17+0.71), confidence/self-esteem (pre M = 2.67+1.19; post
M = 4.31+0.71), and overall mood (pre M = 2.81+0.93; post M = 4.19+0.75), however the
third grade teacher perceived little or no change in his/her students on these variables (see
Figure 2).

A significant main effect of time did, however, emerge for three of the items on the
behavioral observation survey, suggesting that both the second and third grade teacher
perceived significant improvements in their students’ creativity (pre M = 3.43+0.99; post M
= 4.31+0.90), ability to be in control of their behavior (pre M = 3.71+1.20; post M =
4.15+1.02), and ability to manage anger (pre M = 3.54+1.18; post M = 4.40+0.98) after the
10-week intervention. The remaining item on the behavioral observation survey (respect for
others) was not significantly different between grades or over time.

DISCUSSION

Salivary Cortisol

The results revealed that second graders showed a longitudinal effect in which baseline
cortisol concentrations significantly decreased from before to after the entire 10-week
intervention, a finding that is consistent with prior studies of the longitudinal effects of yoga
on cortisol in adults.1%-12 This result should be interpreted cautiously, however, due to the
lack of a control group. For example, other variables could have contributed to changes in
cortisol concentrations in the second graders over the 10-week period such as the children
becoming more comfortable with the yoga instructor or with the classroom environment in
general.

Interestingly, second- and third-graders both showed significant decreases in cortisol
concentrations from before to after the ANT-C cognitive task at Weeks 1 and 10. The
mechanisms underlying this effect are unclear, however it is possible that the presence of the
researchers and the disruption of the typical school schedule could have caused the students
to experience performance anxiety prior to the ANT-C, which may have resulted in
increased cortisol concentrations that were relieved after the task was complete.
Alternatively, prior research suggests that participating in cognitive tasks that are designed
to train attention may improve executive functioning by training individuals to pay close
attention to incongruent stimuli. It is thought that the improvements in attention that occur as
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a result of this cognitive training may be similar to the attentional improvements that have
been found following activities such as meditation.2C Thus, it could be the case that having
something finite to focus on during the ANT-C, similar to what occurs during meditation,
could have had a calming effect on the children.

Cortisol secretion follows a diurnal pattern that peaks 20-30 minutes after awakening,
decreases to approximately half by mid-afternoon, and is lowest by midnight.41:42 In their
research on normative cortisol concentrations in children aged 4-10, McCarthy and
colleagues*! found that cortisol concentrations decreased from 0.24 mcg/dl at 9am to 0.16
mcg/dl at 12pm and 0.12 mcg/dl at 3pm. This represents a decrease of 0.08 mcg/dl over 3
hours from 9am-12pm and a decrease of 0.04 mcg/dl over 3 hours from 12pm-3pm. Given
that the average decrease in cortisol concentrations from before to after the ANT-C in the
present study was 0.05 mcg/dl over a period of only 25 minutes, it is unlikely that diurnal
reductions can account for these changes, although time of day may have had a minor
contribution.

The present findings also suggest that there was no acute effect of a single yoga class on
cortisol concentrations in second or third graders. Prior research on short-term changes in
cortisol after yoga participation has been inconsistent, with some studies showing acute
decreases in cortisol'3 whereas other studies have not found acute effects.15 Prior research
also suggests that participating in physical activity can actually increase cortisol
concentrations over the short-term.13:4344 Consistent with the present findings for second
graders, some studies have found longitudinal decreases in cortisol concentrations when
cortisol is measured before and after participation in longer-term yoga interventions
(typically lasting several weeks).10-12 Thus, it could be the case that a relatively short (30
minute) yoga class may not have been a long enough time period to initiate and/or detect a
decrease in cortisol concentrations. Additional research is needed that compares the acute
vs. long-term effects of yoga practice on cortisol concentrations, particularly in children.

Perceived Behavior Change

The second grade teacher generally perceived more behavioral changes in his/her students
than the third grade teacher. In particular, significant improvements were perceived in
second graders’, but not in third graders’, social interaction with classmates, attention span,
ability to concentrate on work, ability to stay on task, academic performance, ability to deal
with stress/anxiety, confidence/self-esteem, and overall mood. However, students in both
grades demonstrated perceived improvements in creativity, ability to be in control of
behavior, and ability to manage anger. These improvements in social and emotional learning
(SEL) skills underlie the core SEL competencies of self-management, social awareness and
responsible decision-making?#?, suggesting that yoga may have beneficial effects on the
skills that are targeted by SEL goals.

In general, these results support prior research suggesting that yoga may increase mental
health and well-being, positive behaviors, and SEL skills in children and
adolescents.19-21.33.3446.47 However it is unclear why second graders exhibited greater
perceived positive behavior changes than third graders. Due to the lack of a control group,
these results should be interpreted with caution, as the findings could be attributed to several
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factors such as differences in teacher rating styles as well as other circumstances that may
have changed over the course of the school year, including maturational improvements
(children developing and changing rapidly over the course of the year) or class dynamics.

Comparison of Objective and Subjective Data

Limitations

One of the strengths of the present study is that it involved the simultaneous collection of
subjective data (teacher ratings of student behavior) and objective data (salivary cortisol).
The results from these two forms of data were quite consistent with one another. In
particular, second graders generally exhibited a greater number of improvements than third
graders on both the subjective teacher ratings and their objective cortisol concentrations. The
subjective findings for perceived behavior change, namely that second graders showed
greater improvements on several social and emotional skills than third graders, was, in a
sense, confirmed by the objective findings for salivary cortisol, in which second graders, but
not third graders, showed significant decreases in baseline cortisol concentrations from
before to after the 10-week intervention. In other words, it is possible that the behavioral
changes that the second grade teacher observed in his/her students may have been valid and
may not have simply been due to maturational differences between the grades or differences
between the teacher rating styles, however this suggestion is highly preliminary and would
need to be investigated in future research.

The main limitation of this study is the lack of a control group. Without the use of a control
group it is difficult to determine if the results were caused solely by the yoga intervention or
by other factors. For example, the results could be attributed to the fact that the children
were maturing naturally over time, that they had a new teacher (the yoga instructor) coming
into their class, or differences in the behavioral rating styles between the two teachers. Thus,
it cannot be determined with certainty that it was the yoga intervention alone that caused the
results.

Another limitation of this study was the timing of the cortisol samples. Due to the age of the
students involved in the study, the collection of cortisol samples was dependent on the
school schedule. According to the recommended best practices for collecting saliva samples
to determine cortisol concentrations, saliva samples shouldn’t be taken within 60 minutes of
eating.*8:49 Alterations to the school schedule, such as the time of lunch, could not be made
by the researchers. Attempts were made to address this issue by, for example, giving
students a 20-minute reading exercise after lunch, however some saliva samples were
collected within 60 minutes of lunch. School scheduling constraints also required the sample
collection procedure to differ between the second and third graders. In particular, for third
graders, all of the experimental procedures (including saliva samples) occurred before lunch,
whereas for second graders all of experimental procedures occurred after lunch. These
various scheduling differences could have affected the observed differences between the two
grade levels’ cortisol concentrations. In addition, there are other factors that can influence
cortisol responses that were not controlled for in this study. For example, age/developmental
stage, sex, weight, temperament, coping style, social competency, and pain sensitivity can
also have an effect on cortisol concentrations.*1
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Finally, the subjective behavior ratings were performed by two teachers, whose individual
biases for or against their students could have affected the results. For example, third-
graders were rated significantly higher on several items of the behavioral observation survey
at baseline than second-graders, such as attention span, ability to stay on task, and ability to
concentrate on work. This finding may be due to actual age-related developmental and
maturational differences between the students in each grade; however these results could
also be due to differences in the behavioral rating styles between the two teachers.

Future Research

The limitations of the present study are not surprising given the pilot nature of this research;
thus it will be important for future studies to confirm the findings by employing more
rigorous designs that include larger sample sizes and random assignment to intervention and
control groups. In addition, future research will benefit from the inclusion of
developmentally appropriate tests of emotional skills, such as emotion understanding and
awareness.?? To supplement observational data, interviews or self-report questionnaires
could also be used to assess students’ social and emotional skills. It will also be important
for future studies to further examine acute vs. long-term changes in cortisol concentrations
as a result of yoga class participation, and to take into consideration the complexities
involved in cortisol measurement, such as time of day and baseline levels of stress. Finally,
future research should continue to collect data using both subjective and objective methods
in order to enrich our knowledge above and beyond the information that can be gathered
from self-report surveys alone.

Conclusions

Overall no statistically significant findings emerged regarding the acute effects of a single
yoga class on elementary-aged children’s cortisol concentrations, however there was an
acute reduction in cortisol concentrations after taking a computer based attention network
test (ANT-C). In contrast, a statistically significant longitudinal reduction in baseline
salivary cortisol from before to after the 10-week yoga intervention did emerge in the
second-grade students. More research is warranted to further investigate these results. The
subjective information gained from the behavioral observation scale revealed significant
perceived improvements, particularly for the second-grade students.
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Figure 1.
Interaction between grade and time for baseline cortisol at Week 1 and Week 10 of the yoga

intervention (p < 0.01)
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Differences in teacher-rated behaviors between 2" and 3" grade students. Crosses (t)
indicate a statistically significant (p < 0.05) main effect of Time (Week 1 vs. Week 10).
Asterisks (*) indicate a statistically significant interaction between Grade (2 vs. 3) and Time

(Week 1 vs. Week 10).
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